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Abstract

The physical and chemical characteristics of nanomaterials are remarkable. They play a crucial part in
the creation of cutting-edge therapeutics, catalytic materials, sensing technologies, and insecticides.
Chemical and physical processes are often used to synthesize nanomaterials, although both involve the
use of very hazardous substances or significant amounts of energy. Green synthesis, in which molecules
derived from microbes, animals, and plants are employed as waste reducers and nanomaterial stabilizers,
has lately been the focus of scientific attention as a step towards more ecologically friendly procedures.

It has been suggested that using green synthesis approaches, which are less expensive and less harmful to
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the environment, would allow for the creation of nano-objects with precisely tunable dimensions and
morphologies that will improve their bioactivity. Unfortunately, there is a dearth of green-fabricated
nanomaterials on the market, and their potential uses in the real world have only just begun to be studied.
Several of our assumptions regarding their primary mechanisms of action and their non-target toxicity
may need to be revised. Concerns about their potential environmental destiny are raised by such
inquiries. In this context, the current Special Issue features articles by eminent researchers on many
aspects of nano synthesis. The papers in this Special Issue address some of the most critical and topical
questions in green nanomaterial research. The vast majority of the content is comprised of first-hand
accounts of research conducted by the authors themselves, and it all focuses on theoretical principles and
practical procedures that are relevant to the use of nanomaterials in the real world.

Keywords: - Green nanomaterials, environmentally friendly, Safe, Plant extracts, Pollutants

I. INTRODUCTION

Current methods for synthesizing nanomaterials have centered on using a wide variety of natural
ingredients. Finely describeTiO2 nanoparticles stables have been made using both healthy and
microwave-injured bacteria. Chocolate extract-made Au nanoparticles with strong biocompatibility
properties and gum kinkajou-synthesized anatase TiO2nanoparticlesstable at high temperatures are two
examples of fascinating nanomaterials that have been created using plant-borne products. The aqueous
extract of Cadoux’s multifloras leaves is also used to decrease and stabilize Zeno nanoparticles, another
nanomaterial that is manufactured. The aqueous extract of Cadoux’s multifloras leaves is also used to
decrease and stabilize Zeno nanoparticles, another nanomaterial that is manufactured. Significant
antifungal and insecticidal action were shown by these nanoparticles, (2023) and they are very effective
against the juvenile instars (eggs and larvae) of Aedes aegypti (Diptera: Culicidae), a major dengue and
Zika virus mosquito vector. In addition to its use in enzyme technology and biocatalysts, poly-L-lactic
acid has been the subject of research by Affori et al. in an effort to create biocompatible antimicrobial
surfaces. Biocatalytic transformations are made possible by the incorporation of carbon and magnetic
nanomaterials into nanoflowers produced by Fotiadis et al. and lipase-hybrid nanoflowers designed by
Silva et al. A unique and consistent time-dependent easy synthesis of carbon solid spheres was
suggested by Kukulkan et al., whose work focuses on carbon nano chemistry. Other significant
nanomaterials, such as those based on silica, have also been the subject of more research. There has to be

standardized methods for granulometric ally characterizing silica nanoparticles. Suspended nano silica
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size may be affected by the methods used to prepare the samples, and Retamal Marin et al. developed a

new method to do just that. (Massively & Selvaraj, 2020)

II. OBJECTIVE

The research aimed to fulfill the following objectives:
e To study green synthesis of NPs systems
e The ‘Green’ synthesis of metal and metal oxide

e Utilizations of green nanotechnology

III. METHODOLOGY

The pharmaceutical sciences are expanding into the field of nanotechnology, where particles grow to
nanoscales and become more sensitive than their conventional counterparts. For a long time, scientists
followed the trend of using synthetic compounds and physical methods, but this changed when they
realized the dangers these approaches posed to people's health. Nowadays, the process of creating
nanoparticles (NPs) from plants through their metabolites is known as green synthesis. To a greater
extent than ever before, this breakthrough mitigates the toxic effect of NPs incorporated in the traditional
way. In this paper, we discuss how green approaches may be used to combine NPs, and how that can
affect the integration of metal particles. Green methods use natural chemicals and plant metabolites in
the orchestration of NPs for medical and other uses. In addition to examining NPs' many practical uses,

we'll go through a few of the ways we may characterize them.

IV. GREEN SYNTHESIS OF NPS SYSTEMS

Conventional techniques have been utilized for a long time, but studies have shown that green
approaches are superior for the creation of NPs due to their lower cost, greater efficiency, and simpler
ability to be characterized. Both the physical and chemical methods used to synthesize NPs produce
harmful byproducts that have had a significant impact on the surrounding environment. The synthesis of
NPs from plant extract is a straightforward process that may be accomplished in a matter of minutes to a
couple of hours at room temperature. Silver (Ag) and gold (Au) NPs, which are more secure than other
metallic NPs, have garnered a lot of interest in the last decade thanks to this method. The production of
NPs using environmentally friendly methods is easily scalable and cost-effective. Due to its superior
qualities, greenly orchestrated NPs have recently replaced conventionally delivered NPs as the preferred
method of NP delivery. A lack of confidence and ambiguity about the composition of the particles might

enhance their reactivity and toxicity, leading to potentially detrimental side effects on human health .
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Considering the potential for green synthesis techniques to lessen NPs' toxicity, they're a very appealing
option. As a result, dietary supplements such as vitamins, amino acids, and plant extracts are enjoying a

surge in popularity. (Nobile & Cozzolino, 2022)

Green synthesis of NPs systems

» Enzyme-based green synthesis

Enzymes' well-defined architecture and easily obtainable purity make them appealing for green
synthesis; for instance, enzymes functioning on strong substrates were employed to drive overall growth
process in the manufacture of Ag NPs. Direct and "green" production of bimetallic Fe/Pd particles in
some kind of a membrane domain was achieved by electrostatically integrating the enzymes within
polymer multilayer-assembled membranes. As the enzymes in the complex are free to move around, it
has been considered that extracellular amylase might well be employed to produce Au NPs again for
reduction of AuCl4. Using the reaction surface approach and central composite rotary design, the
optimal fermentation medium for Bacillus lichen former generating -amylase at pH 8 was determined
(CCRD). We employed ion exchange chromatography to isolate the sulphatic reductase enzyme from E.
coli, and the resulting cell-free extract showed antifungal efficacy against a very pathogenic fungus. To
make nanoparticles, many materials such as cocos nucifera coir, maize cobs, fruit seeds as well as peels,
wheat and rice bran, palm oil, and other similar materials may be used (NPs). Biomolecules such as
flavonoids, phenolics, and even proteins are some examples of substances that have the potential to be
used in the manufacture of NPs as reducing agents. The findings of Murthy et al (2021) For applications
Using a previously described method for reducing NPs with beet juice, the authors found that smaller
amounts of beet juice resulted throughout larger size Ag NPs that has had substantially greater catalytic
activity but instead long-term continuity than any of those created with NaBH4. This was demonstrated
by their use in an experiment in which 4-nitrophenol was converted to 4-aminophenol. The method's
creators came at this conclusion. For the first time, synthesis of Fe/Pd bimetallic NPs was achieved by
using extracts of green tea for their prospective dual function as a reductive and capping agent. By acting
as a conduit for electrons between a biocatalyst and an electrode, redox-functionalized Au NPs might be

used to develop a hybrid electrically dynamic biomaterial featuring extensive sensing capabilities.

» Vitamin-based green synthesis
"Vitamin B2" refers to a green compound comprised of silver and palladium nanoparticles, nanowires,
and nanorods (as reducing and capping agents). Nanowires and nanorods cannot be made without the

reducing agent vitamin B2. The method's success against several types of tumour cells proves that it is at
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the cutting edge of environmentally friendly nanotechnology. The antioxidant ascorbic acid and the
stabilizing chitosan both play critical roles in this process. Due to its reactivity with metal ions, chitosan
serves as a useful example of a straightforward method for manufacturing NPs of uniform size by using
ascorbic acid as both the reducing and capping component. The availability of ascorbic acid and other
water-soluble antioxidants may account for the reduced concentration of Ag NPs in Disodium trifolium,
according to the available evidence (Demibras et al., 2020). Plant glycolysis produces both hydrogen
ions (H+) and the potent reducing agent NAD, which may be beneficial in the production of silver

nanoparticles (Ag NPs).

= Synthesis with microwave assistance

Nanowires, tubes, and dendrites may be fabricated by altering parameters such as surfactants,
metallurgical precursors, as well as solvent. It is possible that spherical nanoparticles may be made using
this method. In the production of silver nanoparticles, sodium carboxymethyl cellulose serves as both a
reducing agent and a capping agent (NPs). The nucleation temperature of something like the noble metal
NPs may be easily and precisely controlled utilizing MW union, as opposed to a blanket heating
technique. In this disclosure, a method is provided for the rapid synthesis of gold, silver, palladium, and
platinum inside an aqueous environment using MW irradiation at 50 W, using red grape pomace as that

of an example of such a reducing agent.

V. THE ‘GREEN’ SYNTHESIS OF METAL AND METAL OXIDE

A more environmentally friendly method of fabricating tailored nanoparticles has become standard
practice in the modern age of nanotechnology. Traditional physical and chemical procedures employed
in nanoparticle manufacturing pose a number of risks to both human health and the natural world. Toxic
chemicals and high temperatures are required in conventional nanoparticle manufacturing processes.
Green chemistry ideas must be included into the quickly developing discipline if this problem is to be
solved. The multidisciplinary nature of green nanotechnology research fuels its fast growth. This
technology is revolutionary because it seeks to replace the hazardous chemical and physical procedures
now used to create nanomaterials with ones that are safe for the environment and produce no harmful
byproducts. Several sectors are adopting the usage of green nanomaterials because of its safety and lack
of environmental impact. Due to the high polyphenol content of natural commodities and their
derivatives (such as plant extracts as well as components, wines, various amino acids, glucose, etc.), they
can be employed as reducing, capping, as well as stabilizing agents. To wit: (Hassan et al., 2021).
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Microorganisms such as algae, bacteria, as well as yeasts are employed to produce nanoparticles in an
eco-friendly manner. This chapter provides a quick overview of the many types of environmentally
friendly nanoparticles that exist, such as those fabricated from polymer, those that are either porous or

magnetic, and those fabricated from metallic materials and metal oxides.

During the last decade, "green" manufacturing of metal and metal oxide nanoparticles has evolved as a
highly sought research subject of its own. Many sorts of things have been made with the help of plant,
bacterial, fungal, including yeast extracts and other biocomponents. The controlled manufacturing of
chemicals has shown that plant extract is an effective stabilizing and reducing agent. The most important
of them is plant extract. The purpose of this review paper was to compile the most recent results from
research investigating the environmentally friendly manufacturing of metal/metal oxide nanoparticles as
well as their application in pollution control. The post was written in such a way that it would naturally
include all of these crucial elements. (Fan & Lu, 2012) The existing literature has already been combed
through to give an in-depth evaluation of complete synthesis mechanisms as well as an up-to-date review
of the literature on the function of solvents in synthesis to assist address the present issues in "green"
synthesis. Nanoparticle synthesis and development should focus on bringing laboratory work to an
industrial scale, taking into account both historical and contemporary difficulties, notably those related to
environmental and health issues. "Green" material and nanoparticle synthesis, which would be focused
on biocomponent-derived materials and nanoparticles, is anticipated to be extensively employed in other
major domains, including environmental remediation. The reason for this is that green materials
including nanoparticles are better for the planet than their conventional counterparts. Using marine algae
and marine plants for the biosynthesis of metals as well as their oxide compounds or nanoparticles is a
mostly uncharted subject at the present moment. As a result, there are still a great deal of opportunities
available for the research and development of novel environmentally friendly preparation methods based

on biogenic synthesis. (Mandal, 2016)
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FIGURE 1. GREEN NANOTECHNOLOGY

VI. UTILIZATIONS OF GREEN NANOTECHNOLOGY

The number of academic articles devoted to green nanotechnology has been rising substantially over the
last several years, reflecting a sea change in scholarly interest for the field. Green nanoparticles have a
wide range of effects regarding how to utilize metallic NPs. They're critical to expanding NP

applications, especially in the pharmaceutical sector. (Liu)

= Agricultural engineering

Nanoscale lingo-cellulosic materials may be sourced from plants and trees, opening up a new industry
for the production of novel and highly desirable nanoscale products. Nanoparticles (NPs) are used in a
wide variety of ways in the agricultural industry, including in the form of nano-fertilizer, nano-pesticides

that work in tandem with nano-herbicides, nano-coating, and numerous other applications.

Ag-NPs have been employed in the field of dentistry, namely in dental implements and devices.

Incorporating silver nanoparticles (Ag-NPs) into orthodontic cement has the potential to boost or
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maintain the shear bonding characteristic of orthodontic cement while also increasing its resistance to

microbes.

=  X-ray imaging
Because of their high X-ray persistence coefficient, simplicity of engineering management, nontoxicity,
surface modification enabling colloidal dependability, and focus on conveyance, AuNPs have drawn the

major consideration as being such an X-ray discrimination specialist.

*  Drug delivery

Gold nanoparticles (AuNPs) have several desirable attributes that make them a promising nano-carrier in
the delivery of drugs. They include high optical and physicochemical quality, biocompatibility, practical
flexibility, controlled dispersions, and nontoxicity (DDSs). (Hassan et al., 2021)
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CONCLUSION

Synthesizing nanoparticles in a dependable and environmentally acceptable manner may be facilitated by
the use of biological sources such as bacteria and plants. The production of nanoparticles by these
natural sources is characterized by processes that take place at temperatures and pressures close to those
of the surrounding environment, as well as a pH that is close to neutral. The present review study
incorporates new information and constructs a database of bio reduction agents to various nanoparticles
by making use of a variety of biological systems. For this reason, it is very necessary to choose a suitable
biological component for the large-scale, environmentally friendly production of commercial
nanoparticles. The development of strategies that are straightforward, economical, kind to the natural
world, and readily scalable, together with criteria for managing the size and form of the materials, is
something that has to take place. It is very necessary to recognize the biochemical and molecular process
that is responsible for the production of nanoparticles in order to extract the maximum amount of
potential from the biological system. Yet, there has been an increase in the number of studies that
concentrate on biological systems, and nanobiotechnologists have numerous chances to exploit

biological systems for the production of nanoparticles.
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