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Abstract-Nanoparticles made using green synthesis have a wide range of potential uses in the medicinal and
environmental sciences. The main goal of green synthesis is to use less harmful chemicals. For instance, using
living things like plants is typically safe. Additionally, plants contain capping and lowering agents. Here, we
outline the fundamentals of green chemistry and go over the most recent developments in plant-mediated
synthesizing nanoparticles. As contrasted to conventional physical and chemical approaches, plant-
mediated techniques are safer and more eco-friendly. A thorough understanding of the synthesis of silver
nanoparticles is emphasized in this chapter. With such a wide variety of biomolecules present in plants that can
act as capping and reducing agents and thus boost the rate of reduction and stabilization of nanoparticles, using
plants for the synthesis of nanoparticles is proving to be favorable compared to microbes. Nanoparticles made
biologically are finding increased use in a variety of fields. In light of this, the current work considers the
biosynthesis of nanoparticles from plants that are developing into nano factories.
Keywords: Plants, Silver nanoparticles, Green nano factories, biosynthesis.

1. INTRODUCTION

Nanotechnology is the creation of particles with at least one dimension between 1 and 100 nm, resulting in high
surface-to-volume ratios. In addition to the ratio of surface area to volume increasing with a decrease in the particle
size, the physical, chemical, and biological characteristics of the particles change in comparison to their bulk
counterparts.l'”) Noble-metal nanoparticles have astounding physicochemical, optoelectronic, and biological
properties. They are employed in a variety of industrial and pharmaceutical applications.>*! The majority of
chemical processes used to create nanoparticles are too costly and contain dangerous, poisonous compounds that
pose several biological concerns. As a result, there is an even greater need to create ecologically benign procedures
using biological techniques such as green synthesis. When compared to alternative biological synthesis processes
that need extremely complicated procedures for maintaining microbial cultures, the synthesis of nanoparticles
using diverse plants and their extracts can sometimes be advantageous. [

2. PLANT’S ROLE IN THE GREEN SYNTHESIS OF SILVER NANOPARTICLES

There is the biosynthesis of nanoparticles, the environmentally approved "green chemistry" concept has been
employed for the development of clean and environment-friendly nanoparticles that involves bacteria, fungi,
plants, actinomycetes, etc. This process is referred to as "green synthesis”.[! The creation of novel nanoparticles
through biosynthesis employing the aforementioned organisms offers a greener alternative. Both single-celled and
multicellular organisms are allowed to respond to this synthesis.[”! Plants are considered the low-maintenance,
cost-effective chemical factories of nature. Because even very small amounts of these heavy metals are harmful
even at very low concentrations, plants have shown exceptional potential in heavy metal detoxification as well as
accumulation by which environmental pollution concerns can be overcome.®! Plant extracts can be used to make
nanoparticles, which has advantages over other biological processes like microorganism-based synthesis since
they can be used to preserve microbial populations.®
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Fig.2.1 Green Synthesis of Nanoparticles by using Plant Extract: An Economical and Sustainable Method
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The kinetics for plant-assisted nanoparticle synthesis is superior to other biosynthetic routes and is comparable to
chemical nanoparticle creation, which is one advantage of this method. Due to the outstanding phytochemicals
that many plant parts, including the fruit, leaf, stem, and root, generate, they have been used extensively in the
green production of nanoparticles.''” The water-soluble organics included in these plant materials play a major
role in the reduction of silver ions and the transformation of these to nanosized silver particles. The pH of the
medium, which controls nanoparticle size, was one of several additional variables that played a special role in the
biogenesis of silver nanoparticles.!!]

3. PLANTS (GREEN NANO FACTORIES)

The development of NPs and their implementation in linked fields has become a favored goal of all researchers,
including biologists, chemists, and engineers. It is recognized that practically all plants (herbs, shrubs, or trees)
having fragrance, latex, flavonoids, phenols, alcohols, and proteins can create metal nanoparticles from metal
salts. Although nanoparticles can be chemically manufactured using traditional methods, biogenesis protects the
environment from pollution.'?) There is a wealth of information available on the biosynthesis of Ag
nanoparticles.!'¥] Plants contain phytochemicals such as aldehydes, amides, carboxylic acids, flavones, ketones,
terpenoids, and different reducing sugars that play an important role in the formation of Ag nanoparticles. It was
proposed that phytochemicals play a direct role in ion reduction and the production of Ag nanoparticles.['* The
extraction of these Nanoparticles from plant tissues is time-consuming and costly, as enzymes are required to
break down the cellulose components that surround them. The abundant presence of metabolites with negatively
charged functional groups may be essential for metal cations suppression and excellent stability of produced
Nanoparticles under natural settings.['>JA water-soluble heterocyclic molecule.['®' maybe responsible for metal ion
reduction and stabilization. Aloe vera is used for Ag nanoparticle production because it contains natural
phytochemicals that act as capping and reducing agents.['! It contains antioxidant components such as rosmarinic
acid, chlorogenic acid, and caffeic acid.l'® hypothesized a three-step method for P.glomerata's synthesis of
spherical silver nanoparticles. There are three types:

e stimulation,

e condensation, and

e climination.
Considering rosmarinic acid is the most abundant polyphenol in Coleus aromaticus, it is more likely to be
responsible for the majority of the observed antioxidant capacity; it could also be involved in the reduction of
silver ions (Agno3) to Ag nanoparticles (Ag0 ).["]

4. FABRICATION OF DIFFERENT NANOPARTICLES USING PLANTS

The leaf extract of Diospyros kaki was used to create platinum nanoparticles. The size of the produced platinum
nanoparticles ranged between 2 and 12nm. FTIR research demonstrated that the biomolecules present in the
extract, rather than an enzyme-mediated process, are responsible for the production of platinum nanoparticles."!
Sorghum aqueous bran extract was used to study the formation of iron and silver nanoparticles. The silver
nanoparticles generated were crystalline with an average diameter of 10nm and were centered cubic in shape, but
the iron nanoparticles were amorphous with an average diameter of 50nm.""! The biological synthesis of gold
nanoparticles using the ethanolic flow of Nyctanthes plants was studied, yielding spherical-shaped gold
nanoparticles with a size of 19.8-5.0 nm.[??} A similar study using the weed Argemone Mexicana to confer green
synthesis of silver nanoparticles was described, which was tracked by UV spectroscopy, FTIR, XRD, and SEM.
The average particle size of X as determined by SEM examination was 30 nm.[?3] Analytical tests demonstrated
the generation of silver nanoparticles by plant-mediated silver nanoparticles utilizing the seaweed Padina
tetrachromatic. Fourier Transform Infrared spectroscopy indicated that bimolecular molecules capped with nano-
silver are responsible for silver ion reduction.?*

S. THE POSSIBLE PROCESS INVOLVED IN THE FORMATION OF
NANOPARTICLES IN PLANTS

The formation of unconventional form gold nanoparticles from extracellular aqueous dried clove buds (Syzygium
aromaticum) was described, and FTIR analysis demonstrated that clove buds' readily water-soluble flavonoids are
responsible for gold ion bioreduction.?’! Similarly, the production of Ulva fasciata extract resulted in
polydispersed nanoparticles with sizes ranging from 28 to 41nm. The existence of 1-(hydroxymethyl)- 2,5,5,8a
tetramethyl decahedron-2- naphthalene as a reducing agent and hexadecanoic acid as a stabilizing agent was also
discovered in the study. The biological production of nanoparticles was investigated for antibacterial studies
against Xanthomonas campestris Pv. Malvacearum, with a zone of inhibition ranging from 14.000.58 mm to
40.005.77g/m1.12l The solvent extract of rose petals was employed for the research of biosynthesis of gold
nanoparticles, which revealed gold nanoparticles when examined by UV-VIS spectroscopy, FT-IR spectroscopy,
X-ray diffraction, and energy-dispersive x X-ray spectroscopy. The involvement of biomolecules with primary
amine groups (- NH2), carbonyl groups, -OH groups, as well as other stabilizing functional groups responsible
for the stabilization of gold nanoparticles was discovered by FT-IR spectroscopy. The X-ray diffraction pattern
revealed that the gold nanoparticles were of great purity and had a face-centered cubic shape. The Dynamic light
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scattering method was employed to determine the size of gold nanoparticles, which was reported to be around 10
[27]
nm.
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Fig. 5.1 Theoretical Pathway of Green Synthesis of Silver Nanoparticles in the presence of the Plant
Extract

The bio-fabrication of gold nanoparticles was shown to be dependent on several parameters such as temperature
and pH effects on its synthesis utilizing an aqueous extract of Macrotyloma uniflorum. UV-visible spectroscopy,
transmission electron microscopy (TEM), X-ray diffraction (XRD), and FTIR analyses were used to study
biosynthesized nanoparticles. HRTEM pictures, SAED patterns, and XRD patterns were used to examine the
nanoparticles' high crystallinity with the FC phase. The nanoparticles ranged in size from 14 to 17nm, and the
FTIR spectrum revealed the presence of several functional groups contained in the biomolecule capping the

6.APPLICATION TOWARDS PLANT-MEDIATED SYNTHETIC MATERIALS
NANOPARTICLES

6.1 Utilizing Bio-fabricated Nanoparticles for Bioassays

The effectiveness of quickly created silver nanoparticles toward water-borne bacterial infections was tested using
Acalypha Indica leaf extract. A 20-30 nm particle size of silver nanoparticles was produced as a consequence of
the characterization of the silver nanoparticles using the UV—Vis spectrum, scanning electron microscopy (SEM),
X-ray diffraction (XRD), and energy dispersive spectroscopy (EDS). Escherichia coli and Vibrio cholera were
effectively inhibited by produced silver nanoparticles' antibacterial activity, which had MICs as low as 10 g/m]1.148]
Silver nanoparticles involved in the synthesis from stem bark extracts of Boswellia and Shorea, as well as leaf
extract of Svensonia, were tested against a panel of pathogenic microorganisms.

nanoparticles.?®!
Table-6.1 Various Plant Species Involved in The Production of Silver Nanoparticles
ACTIVE
PLANT SPECIES PART SIZE & SHAPE COMPONENT REFERENCE
Triterpenes,
Acacia Senegal Leaf 6-45nm; spherical eugenol, and 29
flavonoids
Allium Sativum Blub 4.4+1.5nm spherical Proteins 30
Betula alnoides Bark 10-60nm; spherical Nitrite 31
Boerhaavia diffusa Whole plant 25nm; spherical Flavonoids 32
Chrysar}themum Flower 1.57nm; cubic Terpenoids 33
indicum
Cydonia oblonga Seed 38nm; spherical Bound.amlde 34
region
Dioscorea Fruit/Rhizome Hnm, Phenols 35
oppositifolia spherical
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. . 10-35nm; quasi- Flavanones and
Drypetes roxburghii Fruit spherical proteins 36
Euphorbia Giulia Latex 10-20nm; spherical Proteins 37
Epiphyllum Leaf 86nm Amino acids 38
oxypetalum
Garcinia mangostana Leaf 35nm; spherical Aromatic 39
compounds
Gelidiella acerosa Whole plant spherical Amines 40
Helianthus tuberosus Tuber 10-70nm; spherical Proteins 41
Hibiscus rosasinensis Flower 5-40nm; spherical Proteins 39
Jatropha curcas Latex 20-30nm; uneven Proteins 42
Kalanchoe Pinnata Leaf 84.85nm;' Polyols 43
polycrystalline
Lantana Camara Fruit 12.55—12:99nm; Apiin 44
spherical
Lawsonia inermis Leaf 39nm;quasisperical Thiamine 45
Morinda citrifolia Root 30-55nm; oval Phenolic 46
compounds
Polianthes tuberosa Flower 9-34nm; cubic Hydroxyl groups 33
hexagonal yaroxy? group
Tabemaemontana Flower 0.16nm; cubic Proteins 33
divaricata hexagonal
Zataria multiflora Leaf 16.3-25.4nm; Carbohydrates and 47
spherical proteins

These tests revealed that the silver nanoparticles had strong activity against Klebsiella, Aspergillus, Pseudomonas,
and Fusarium species, including both, while the leaf extract of Svensonia Hyderabadis.[*! Consistent distribution
of silver nanoparticles with sizes ranging from 1 to 10 nm and an average size of 6 nm was observed in the
synthesis of silver nanoparticles utilizing geraniol. The proliferation of the cancer cell line (Fibrosarcoma-Wehi
164) was significantly inhibited by the produced nanoparticles to the extent of >60%. At a silver nanoparticle
concentration of 2.6 g/ml, significant suppression of nearly 50% of cell death was seen.[>%

CONCLUSION

The use of green synthetic pathways for the synthesis of nanomaterials via plants, microbes, and others has been
pushed during the previous few decades by the growing demand for green chemistry and nanotechnology.
Researchers have been concentrating on green nanoparticle synthesis and using an eco-friendly methodology in
their studies during the past few years. Due to its affordability, nontoxic method, ease of availability, and
environmentally favorable characteristics, plant extract-mediated nanoparticles have attracted a lot of attention in
research as well as prospective applications in many industries. The biosynthesis way of nanoparticle production
will become the best and safest alternative to conventional methods in the current environment, where
nanotechnology encourages advancement in every area of life. The utilization of plants for the simple, reliable
synthesis of nanoparticles is tremendous, even if many different biological entities have been used to produce
nanoparticles. In light of the numerous publications that have been published thus far, the current review thus
contemplates the significance of plant-mediated nanoparticle manufacturing. A lot more plant species are on the
verge of being exploited and reported in the future to develop a quick, one-step methodology that adheres to the
green concept due to the enormous plant diversity.
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