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GREEN NANOTECHNOLOGY FOR METAL
NANOPARTICLES : SYNTHESIS,
PROPERTIES, AND APPLICATIONS -A
REVIEW

Abstract : Research on nanotechnology has grown rapidly
over the last decade due to its numerous applications in
various sectors, including food safety, transportation,
sustainable energy, environmental science, catalysis, and
medicine. Materials developed, modified, and used at the
nanometre size scale (1 to 100 nm) are collectively
referred to as nanotechnology. For the production of NPs,
various physical and chemical techniques are used.
However, the majority of these procedures are expensive
and could potentially be harmful to the environment and
the creatures that live in it. Green synthesis techniques are
particularly suitable for producing nanoparticles because
they eliminate the need for hazardous substances,
hazardous operating conditions (such as high temperature
and pressure), and the need for external stabilising or
capping agents. Several species of microbes and plants are
being tested in an effort to develop a process that is safe
for the surroundings, affordable, and organic. This review
offers a comprehensive examination of the parameters
affecting the synthesis, the characterisation of synthesised
NPs, and the green synthesis of metallic NPs utilising
microorganisms and plants. Metal nanoparticles' potential
uses in a variety of fields have also been highlighted, as
have the primary challenges in terms of toxicity and
applied research.
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1. Introduction : Nanotechnology has become one of the
most exciting areas of contemporary research, providing

Nanoparticles, Green synthesis,
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novel approaches to environmental cleanup, energy, medicine, and catalysis. The distinctive
physicochemical characteristics of metal nanoparticles (MNPs), which include high surface area,
adjustable optical and catalytic activity, and phenomenal antibacterial potential, have drawn a
lot of attention among the many nanomaterials. These include silver, gold, copper, zinc, and
iron.

Traditionally, physical and chemical processes are used to create these nanoparticles.
These technologies are effective, but they frequently use dangerous chemicals, consume a lot
of energy, and produce toxic byproducts, which raises severe concerns about both human
safety and the sustainability of the environment. Green nanotechnology has become more
popular in recent years as a sustainable substitute for traditional techniques.

There are two categories of NPs: inorganic and organic. They are the most often used of
all the synthesised NPs, with over 25% of them found in household items. AgNPs' primary use is
as antiviral, antifungal, and antibacterial agents.

According to the bottom-up method, atoms, molecules, and smaller particles or
monomers are used to create nanoparticles. Both methods include identifying the resulting
nanoparticles using different methods to determine characteristics like size distribution, shape,
surface area, and particle size. Additionally, three separate approaches are used for the
production of NPs?.

The chemical and biological methods for the synthesis of NPs follow a bottom-up
approach, whereas the physical methods generally fall under the top-down approach category.
The most popular physical techniques used to make NPs are pyrolysis, electrolysis, diffusion,
evaporation-condensation, and laser ablation. However, these techniques' most significant
drawbacks are their high energy consumption, costly procedures, and limited production rate.

Thus, the physicochemical synthesis methods are attractively replaced by the biological
synthesis methods. To effectively target medication delivery to the desired place, a metal Nps
that responds to various parameters can be synthesised.

Figurel:

Physical Method: Applications:

Thermal evaporation,

Agriculture productivity
Biological method: ) Nanoparticles —» | enhancement,

Bacteria, Plant, Fungi,
/ Air and water remediation,

Chemical method:

Solgel process, Chemical

Reduction Tech. Cosmetics, Electronics,

Disease

42
A Peer Reviewed, Refereed, Quarterly Research Journal of Science, Technology & Environment




IJSTE https://ijste.gyanvividha.com

Since the Nps are made from organic components, they can break down the pollutant

without harming the ecosystem, making them useful for bioremediation in addition to
pharmaceutical delivery applications. The primary focus of this study is on innovative and
advanced green synthesis techniques for metal Nps that are sensitive to a wide range of
factors. These techniques produce prominent and affordable Nps that can be utilised for a
variety of purposes, as well as their capacity to decay into biomass?3.
2. Nanoparticle synthesis from biological materials : A wide range of resources, including
bacteria, viruses, yeast, fungi, algae, and plants and plant products, can be used to carry out the
biological synthesis of NPs. Mixing biological materials with precursors of high-quality metal
salts initiates the creation of NPs.The creation of metal nanoparticles using environmentally
friendly methods is based on the reduction of metal complexes in solutions that are diluted.

The goal of the procedure is to create metal colloidal dispersions. Natural or green
sources like microbial and plant extracts have drawn a lot of attention because they contain
specific compounds. Additionally, the green method for nanoparticle creation covers the
synthesised NPs or even serves as in situ capping in addition to using materials derived from
plants, algae, fungi, or microorganisms as reducing agents.
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Figure 2: Green Method of synthesising of Metal Nanoparticles
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It is essential to remember that the benefits and drawbacks of green synthesis might
change based on the particular process and result. The goal of current sector is to overcome
these obstacles and improve methods®.

2.1 Plant-based green synthesis of metal nanoparticles : One of the most popular techniques
for creating nanoparticles is plant-based synthesis because of its simplicity of use, affordability,
and flexibility.

Flavonoids, phenols, alkaloids, and terpenoids are among the many bioactive substances
found in these extracts that support the reduction of metal ions to nanoparticles while also
stabilising their surface. Plant extract and a metal precursor solution are typically combined in
this process, which is conducted under carefully regulated temperature, pH, and stirring
conditions®. Harsh chemicals that endanger the environment and users are no longer necessary
with this way of creating nanoparticles.
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Furthermore, by extracting the bioactive compounds with simply hot water, high-
energy-consuming procedures are removed. Most of the produced nanoparticles can be used in
biomedical applications due to the absence of harsh reagents [6].Citations in Table 1 indicate
that the most abundant kind of nanoparticles made from plant material are silver

nanoparticles.

Table 1: Silver nanoparticles made from plant extracts.

A Peer Reviewed, Refereed, Quarterly Research Journal of Science, Technology & Environment

Metal Species Active Molecule Application Part | Reference
Nanoparticles Used
Acadia Phenolic compound | Antimicrobial Leaf, | [7]
Silver rigidula Bark
Argemone Sanguinarine  and | Antioxidant, Leaf, | [8]
mexicana Flavonoids Antimicrobial, | Seed
Anticancer
Leaf, | [9]
Morinda Anthraquinones, Antimicrobial, | Fruit
citrifolia L. Flavonoids, Antitumor,
Polysaccharides Anti-
inflammatory
Carica Vitamins, Antimicrobial Leaf, | [10]
papaya Phenols, Proteolytic | properties Fruit
enzymes
Moringa Flavonoids, Antimicrobial [11]
oleifera Phenolic acids and Anticancer | Leaf
activities.
Leaf
Euphorbia Propargylamines Antiarthritic, [12]
helioscopia Antiviral
[13]
Datura Flavonoids & | Anticholinergic | Leaf
metel Phenolics agents
Saraca Flavonoids, Tannins | Analgesic, Anti- | Leaf [14]
indica & Polyphenols inflammatory
Gardenia Terpenoids, Anti- Leaf [15]
Jasminoides | Phenolic depression,
Ellis compounds Antigastritis,
Anti-diabetics
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In addition to silver, reports of nanoparticle production have also been reported for

copper, gold, and selenium. Various plant materials can be used to synthesise silver
nanoparticles if their extracts contain reducing, stabilising, and capping agents. In addition to
leaves, the biosynthesis of various NPs uses additional plant parts such as roots, fruit, flowers,
petal, seeds, peels, bark, etc.
2.2. Antimicrobial Synthesis of Metal Nanoparticles : A number of microbes, including bacteria,
fungi, actinomycetes, and viruses, have been reported to synthesise different metal
nanoparticles in addition to plant-mediated synthesis. Numerous biological processes, including
biomineralisation, bioremediation, bioleaching, and biocorrosion, have previously benefited
from the interaction between metals and microbes. Furthermore, because of its benefits over
various methods, microbial synthesis of NPs has lately become a promising field of study.

The type of microbe determines whether the NPs are produced extracellularly or

intracellularly. Microorganisms' extracellular and intercellular components are essential for the
synthesis of AuNPs. AuNP reduction is supported by extracellular substances like
exopolysaccharides and intercellular elements, such as reducing sugar, fatty acids, and
enzymes'®. Apart from bacteria, fungi have also drawn more attention due to their NP synthesis
because of their many benefits, including easy downstream processing and scale-up, economic
viability, and higher surface area because of mycelia.
2.3 Factors Influencing the Synthesis of NPs : The functionality of metal nanoparticles for a
variety of applications is further improved by adjusting their size and shape. By adjusting a
number of experimental factors. one can control the morphological properties of NPs'’. When
optimising metal nanoparticle manufacturing by the biological approach, accurate control of
these factors can be crucial. By altering the medium's pH, NPs' size and shape can be adjusted;
however, large-sized NPs are formed when the pH is too acidic.

Using Azadirachta indica leaf extract, a shift in silver NP particle size was seen in the 10—
35 nm range when the reaction period was extended from 30 minutes to 4 hours. The shape,
size, and yield of NPs are also determined by the reaction temperature, which is another
important variable in the biological synthesis of NPs. Using citrus sinensis (sweet orange) peel
extract, the average size of silver nanoparticles (NPs) dropped from 35 to 10 nm as the reaction
temperature increased from 25 to 60 °C*8.

3. Working with nanoparticles in the field of

3.1. Food Industry : Raw food ingredients are transformed into a pleasant form with a long shelf
life through food processing, which also guarantees effective marketing and distribution
strategies for the business. Combining NPs with other technologies can result in significant
advancements in food product manufacturing, packaging, storage, and transportation.

The primary factor influencing the delivery rate of bioactives to their target sites is
particle size, since certain cell lines are unable to absorb microparticles. A variety of methods
have been devised by researchers for packing these bioactives utilising nano-sized particles or
nano-emulsions, which increases their surface to volume ratio and increases their
bioavailability.

3.2. Pharmaceuticals and Medicines : They are a great way to target specific spots and quickly
penetrate inside cells or sick sites because of their structural features?°.

Based on therapeutic necessity, different types of NPs were found, depending on their
origin and application. Iron oxide, polymeric protein, metal-based, and liposomal NPs have
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become the best. Our discussion in this review is primarily concerned with the utilisation of
metal nanoparticles. Over the past ten years, medications based on nanotechnology have
drawn a lot of interest. NPs are one of the most researched and investigated topics because of
their unique properties, which include their small size and ability to flow through veins,
connections, barriers, and fine blood capillaries?!.

3.3 Process of Treating Wastewater : The aquatic environment has been affected by
wastewater released into the ecosystem as a result of industrialisation, an increase in
population, and excessive chemical use. Because it contains inorganic (fluoride, arsenic, copper,
mercury, etc)?2.
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Dyes Pathogens
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Figure 3: A) Common pollutants in water, B) Methods for treating
wastewater that use nanoparticles.

The process of gaseous or liquid molecules adhering to a solid surface and forming a
coating or film of molecules is known as adsorption. This process primarily occurs on the
adsorbent surface where the adsorbate builds up. Depending on whether the adsorbent and
adsorbate are bound by van der Waals forces, covalent bonds, or electrostatic attraction, the
adsorption process may be physisorption or chemisorption. Because it is inexpensive, simple to
use, and does not produce secondary pollutants, adsorption is the most widely used method
for removing toxins from water?3.

The photoexcitation of the catalysts' electrons is the process underlying photocatalysis.
Green synthesised Ag, Au, Pt, and Pd NPs have been shown in numerous studies to have
photocatalytic activity in the degradation of various dyes?*.

4. Major Obstacles and Prospects : Numerous studies have documented the environmentally
friendly production of metallic nanoparticles (NPs) from a variety of biological sources,
including yeast, bacteria, fungi, and plants. Nonetheless, a number of obstacles still exist that
restrict its widespread manufacturing and the ensuing uses.

By overcoming these obstacles, green synthesis techniques may become affordable and on
level with traditional techniques for producing NPs on a big scale.
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