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Abstract:

The present environmental engineering and scientific discipline is being redefined in large part by the use of
environmental nanotechnology. Research and development in the field of nanomaterial for application in water
treatment, pollution remediation, and contaminated site clean-up is lively and intriguing because to nanoparticles'
peculiar behavior towards intractable pollutants. Furthermore, metal oxide nanoparticles' distinctive characteristics—
including their minuscule size, surface modifiability, high surface-area-to-volume ratio, remarkable biocompatibility,
and outstanding magnetic properties—have garnered considerable interest in their potential applications.
Nanoparticles were previously synthesized using expensive physical and chemical methods; however, these
approaches left harmful chemicals on the surface, which could have negative effects in medical applications. In an
effort to find more cost-effective ways to synthesize nanoparticles, scientists began to employ microbial enzymes and
plant extracts (phytochemicals), leading to the creation of biosynthesized nanoparticles through green synthesis. The
reduction of metal compounds into their respective nanoparticles is often accomplished through their antioxidant or
reducing capabilities, and the green synthesis of nanoparticles is straightforward, inexpensive, environmentally
benign, and time-consuming. An extensive analysis of the processes involved in the green production of silver,
titanium, copper, and indium nanoparticles from various plant extracts is presented in this paper.
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1. Introduction:

The study of materials in the nano-range (1-100 nm) is the primary focus of nanotechnology, a multidisciplinary
scientific field. A plethora of new fundamental and practical avenues in engineering and material science have been
opened up by the phenomenal expansion of nanotechnology. The very tiny size and high surface-to-volume ratio of
nanoparticles (NPs) make them very desirable. When compared to their bulk composition, nanoparticles will have
distinct and advantageous physical and chemical characteristics because to their [1]. Nanoparticles made of metals or
metal oxides are revolutionary because of their unusual characteristics and the many possible uses they may find in
nanotechnology and nanoscience. Nanomaterials' chemical, physical, electrical, and optical characteristics are
modulated by their size, shape, and surface morphology, among other physical aspects. Photonics, energy storage,
medication delivery, catalysis, fuel cells, nano-medicines, and many more areas have discovered uses for
nanomaterials [2-4]. The use of biological systems and microorganisms in the creation of metal nanoparticles has
been rapidly expanding in recent times due to the ease of manufacture and the fact that it is a greener approach
compared to chemical and physical methods of synthesizing nanoparticles. Because nanoparticles have so many
advantages over bulk metal, their environmentally friendly production has recently attracted a lot of attention. More
and more consumer items are including these nanoparticles. As an alternative to conventional routes, which are
currently under study for requiring harsh, consumable chemicals in their production, metal/metal oxide nanoparticles
produced via green routes have garnered significant interest in optics, electronics, biomedicine, and electrochemistry,
among other areas. For the most part, plant components like leaves, blossoms, fruits, seeds, roots, and inflorescence
are what make up green and ecologically friendly synthesis. In addition, enzymes, biopolymers, microorganisms
(including viruses and bacteria), and microwave-assisted heating can substitute for harmful chemicals [5, 6].

As the principal source of various nanostructured devices or materials, nanoparticles are thought of as the fundamental
constituent of nanotechnology, which has been growing in importance as a study area in recent decades. It is possible
to produce nanomaterials or to acquire them through natural or accidental means. Nanomaterials, such as metal
nanoparticles (NPs), have several practical uses in many different scientific and technological domains, from
electronics to structural engineering, from medicine to agriculture. Hydrothermal, flame spray pyrolysis,
sonochemical, microwave, sol-gel, coprecipitation, and other physical and chemical methods were formerly employed
to synthesize metal NPs. However, these methods eventually became associated with a host of biological and
environmental hazards owing to the toxicity of the chemicals used. Another new green and safe way for synthesizing
metal/metal oxide nanoparticles is biological synthesis, which uses plants and bacteria as precursor material. Plant
extract, on the other hand, has less biohazards and is easier to utilize than microorganisms for this purpose.
Additionally, it improves cost competency relative to microbial utilization by decreasing the expense of sustaining
microbial isolation and their culture medium. To avoid handling potentially harmful nanoparticles and using large
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quantities of organic solvents, the ideal protocol would allow for more precise control over the size, shape, and
dispersivity of metal and metal oxide nanoparticles while decreasing the requirement for purification of the produced
nanoparticle. More and more, scientists are looking for environmentally friendly ways to synthesize NPs, and one
promising option is to use an aqueous solution of plant extracts. Many areas have relied on these nanoparticles, but
photocatalysis and biomedicine are two of the most important. Its tiny size and free radical scavenging capabilities
make it useful in a variety of applications, such as a sensor, bioimaging, sunscreen, antibacterial, biotransformation,
antioxidant, and catalyst. Nanoparticles of metals and metal oxides (Ag, Cu, ZnO, Ce02, Au, etc.) and their green
production, characterization, and application were the goals of this study.There are three main categories into which
the various approaches of nanoparticle formation fall. Approach based on physical phenomena:

Mechanical method:

Like arc discharge, electron beam lithography, ion implantation, inert gas condensation, mechanical grinding, milling,
spray pyrolysis, vacuum sputtering, and stabilizing the particles to the desired size are utilized to break down solid
masses into smaller nanosized particles. Nevertheless, attaining the desired thin size becomes challenging when
employing this strategy.

Chemical method: The atomic size material may be synthesized using a variety of chemical processes, including
coprecipitation, electrochemistry, microemulsion, pyrolysis, phytochemistry, and the sol-gel process. These
approaches aren't eco-friendly since they emit toxic by-products, they're expensive, and controlling the nanoparticles'
size, shape, and surface chemistry is a real challenge.

The biological method: It involves synthesizing nanoparticles using microbes, algae, yeast, enzymes, biomolecules,
plant extracts, and other biological components. Green synthesis is a technology that emerged in response to the
drawbacks of physical and chemical approaches; it has since shown to be a more effective, dependable, and efficient
way for synthesizing nanoparticles.

2.1. Green Synthesis of Metal Oxide NPs

In recent years, scientists have poured a lot of time and energy into studying biological systems. Nanoparticles
made of metal have evolved from inorganic ions thanks to persistent study of plants, yeast, bacteria, and fungus. The
degradation of any organic compounds by the green approach (plant extracts) is mainly due to the presence of
polyphenols in the biodegradable material used for treatment purposes. The bottom-up method of biosynthesis
employs reduction/oxidation as its primary mechanism for the production of nanoparticles. Because physical and
chemical methods were too expensive and left behind potentially harmful chemicals that may have negative effects
in medical applications, biosynthesis of nanoparticles became necessary [7]. This is not an issue when it comes to
biosynthesized nanoparticles via green synthesis route as it eliminates all these drawbacks and limitation of physical
and chemical methods [8], in addition they offer better manipulation, control over crystal growth and their
stabilization. To reduce metal compounds into their nanoparticle forms, scientists turned to plant extracts
(phytochemicals) and microbial enzymes for their antioxidant or reducing capabilities. Scientists have discovered that
metal oxide nanoparticles have a lot of promise as a disinfectant due to their antimicrobial, antifungal, UV -filtering,
highly catalytic, and photochemically active characteristics, among other unique qualities [9]. Because bacteria have
a poor synthesis rate, can only create a limited number of sizes and forms, and pose a significant danger of
contamination, plants are able to create nanoparticles with more stability than germs. Nanoparticle synthesis relies
heavily on plant and plant component methods. Many studies have documented the use of various plant and plant
component extracts in nanoparticle synthesis, including green tea leaf extract, eucalyptus leaf extract, banana peel,
sorghum bran, Colocasia esculenta leaves, and black and oolong tea leaf extracts.

2.1.1. Aluminium oxide Nanoparticles (Al.O3 NPs)

Metal oxide nanoparticles, like metal nanoparticles, have been produced using environmental friendly processes that
use extracts from plants and microorganisms.The synthesis of metal oxide nanoparticles by green-derived routes, such
as the microwave-assisted approach with plant extract, has recently attracted the attention of researchers. AlOs is
essentially insoluble in all common chemical reagents and inert at ambient temperature. It may be easily polished to
a smooth surface and has remarkable resilience to wear. The most thermodynamically stable of the several allotropes
of aluminum dioxide is the a-Al.Os phase. The creation of Al.Os NPs has traditionally been accomplished using
various processes, including hydrothermal reactions, ball milling, laser ablation, sputtering, electrochemical methods,
pyrolysis, and sol-gel, all because of the material's stability [10]. On the other hand, nanotechnologists have put an
emphasis on phytomediated production of Al.Os NPs as a means to attain a green, nontoxic, efficient, and quick
alternative to these procedures. As composite materials with tunable mechanical characteristics are very advantageous
in the field of engineering sciences, Al.Os displays desirable qualities such as high stability, insulation, catalytic
activity, hardness, and surface-protective coatings [10, 11]. In their study, Sutradhar et al. produced Al.Os NPs from
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triphala extract, tea, and coffee. The phenolic compounds found in these popular medicinal herbs are used to reduce
or cap aluminium nitrate. Under 540 W microwave irradiation, they conducted an experiment involving a 1:4 ratio of
metal salt and extracts. The results showed that the nanoparticles from tea and coffee had a spherical shape, while
those from triphala had an oval shape. The average size of the nanoparticles was 50-200 nm for the former and 200-
400 nm for the latter. In contrast to the traditional and microbiological methods, this technique demonstrated the fast
rate of alumina nanoparticle creation with microwave irradiation employing plant extract [11].

The Al:Os NPs were also synthesized by Ansari et al. using Cymbopogon citratus (lemongrass) leaf extracts.
Similarly, they used a 1:4 ratio of water-based lemongrass extract to aluminum nitrate as a precursor and reduced the
mixture using the microwave-assisted technique at room temperature in a sterile environment. Meanwhile, after 6-10
minutes of room-temperature irradiation with 540 W, this solution has been shown to precipitate a yellowish-brown
color. The produced Al.Os NPs were refined by centrifuging the precipitate, washing it with distilled water and
methanol, and then spinning it again at 12,000 rpm for 15 minutes to dry it up and create a pellet, which was then
emulsified in double distilled water. It was then dried for three to four hours at 80 degrees Celsius after being repeated
four or five times. While MilliQ water has a hydrodynamic size of 254 nm, the spherical Al.Os NPs that were produced
had an average size of 34.5 nm. The resulting Al-.Os NPs had a zeta potential of 52.2 mV.

2.1.2. Titanium Oxide (Tioz) Nanoparticles:

As a commercial photocatalyst, titanium oxide is widely employed. Many scientists have been interested in using
TiO; as a catalyst for the removal of pharmaceutical compounds due to its advantageous properties, which include
being inexpensive, non-toxic, environmentally friendly, and having strong oxidizing power with long chemical
stability. The synthesis of nanoparticles using TiO; has also yielded positive results. Titanium oxide nanoparticles
were successfully synthesized utilizing an environmentally friendly synthesis process. Through x-ray diffraction
(XRD) examination, the sample's average crystallite size was determined to be 24.89 nm. An observation was made
of a tetragonal structure. The particle size analyzer resulted in an average particle size estimate of 43.3 nm. The optical
characteristics were studied with the use of UV-Visible Spectroscopy, which revealed a wavelength of 354 nm and
an energy band gap of 3.503 eV. The TG-DTA curves showed a 3.9% reduction in body weight. It was demonstrated
by the aforementioned results that the TiO, particles, when produced, were in the nano range [12]. Another experiment
showed that a solution of nyctanthes leaves extract may be used to quickly synthesize stable titanium dioxide
nanoparticles. Based on the results of the XRD investigation, the TiO2 samples are very pure and exhibit cubical
crystallinity. According to scanning electron microscopy (SEM) and particle size analyzer (PSA), the nanoparticle
had a spherical shape and a size between 100 and 150 nanometers (nm) [13]. P. Dhandapani et al. [14] reported the
production of microbial-mediated TiO2 NPs synthesis over other traditional methods. Hydroxy! radicals are produced
as a result of the photocatalytic activity at the TiO2 surface of the nanoparticles. These radicals are what cause H20-
to develop at the interface, which kills the microorganisms in the biofilm.
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Fig.1 (a) Live cells exhibit green fluorescence, (b) while dead cells exhibit red fluorescence. [14]

2.1.3. Copper Oxide Nanoparticles:

Copper (Cu) nanoparticles were synthesized using an extract from magnolia leaves. Stable copper nanoparticles with
diameters ranging from 40 to 100 nm were produced when the leaf extract was added to aqueous solutions of
CuS04-5H,0. Coating foams with copper nanoparticles that were biologically generated exhibited enhanced
antibacterial action against E. coli cells, according to another investigation. The stem latex of the medicinally
significant shrub Euphorbia nivulia was utilized in an additional work to produce copper nanoparticles outside of
cells. The peptides and terpenoids found in the latex served to stabilize the nanoparticles that were generated, and
they were then capped. In a dose-dependent way, the copper nanoparticles are toxic to A549 cells, which are human
alveolar basal epithelial cells affected by adenocarcinoma. One possible use for the non-toxic aqueous formulation of
latex-capped copper nanoparticles in cancer treatment is their direct administration or in vivo distribution [15].

2.1.4. Cerium Oxide Nanoparticles (CeO2 NPs)
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Figure 2. CeO2 nanoparticle synthesized using G. superba leaf extract [41/16].

CeO; is a semiconductor metal oxide with a band gap energy of 3.19 eV and a variety of uses, including antimicrobial
action, sunscreen, bioimaging, and catalysis. Numerous chemical and physical methods have been used to create this
metal oxide [16]. For example, CeO2 NPs have been synthesized using honey, plant extract, and egg whites.Yadi et
al. [17] reported Cerium NPs were synthesized from Gloriosa superba leaves by adding 3.72 g of cerium salt (CeCls)
to the extraction result of 10 g boiling leaves in 100 ml of distilled water. The mixture was then stirred for 4-6 hours
at 80 °C until the color changed to yellowish brown (Figure 2).CeO: is an oxide of rare earth semiconductors that has
a UV wavelength of about 370 nm and a broad band gap of 3.0 to 3.2 eV. From ambient temperature all the way up
to its melting point, which is 2700 °C, it has not shown any signs of crystallographic change [18]. A mature engineered
nanoparticle called CeO2 NP has recently been discovered to possess multienzymes, including catalase, oxidase,
superoxide oxidase, and mimetic properties. These properties have given the nanoparticle a new level of biological
potency, including antioxidant activity against nearly all intracellular reactive oxygen species [19, 20]. The green-
mediated CeO2 NPs synthesized by Thovhogi et al. from Hibiscus sabdariffa had an average size of around 3.9 nm
and a spherical shape. An identifiable band at 483.8 cm™ has been seen in the attenuated total reflection Fourier
transform infrared spectroscopy (ATR-FTIR) data, which is attributed to the CeO stretching mode.

2.1.5. Indium oxide (In.O3) NPs:

One of the most intriguing characteristics of indium oxide (In-0s), an n-type semiconductor, is the intense interaction
it exhibits with certain molecules of toxic gases, as well as its high electrical conductivity and transparency to visible
light. Indium oxide has several potential applications, including organic light-emitting diodes, field emission, solar
cells, panel displays, and architectural glasses. According to research, indium oxide nanoparticles might be used as a
gas sensor. The solution containing indium acetylacetonate and extracts from the Aloe barbadensis plant was used to
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biologically produce indium oxide nanoparticles with sizes ranging from 5 to 50 nm. Following calcination of the
indium oxide precursor in air at 400-600°C, the nanoparticles are produced. Indium oxide nanoparticles' size and
shape were influenced by the calcination temperature [21].

2.1.6. Nickel Oxide Nanoparticles (NiO NPs)

Alshatwi and Athinarayanan [22] have recently achieved success in fabricating NiO NPs by depositing extract from
date palm fruit on graphene oxide sheets and utilizing it as a reducing or stabilizing agent. Sugars and vitamins form
a stabilizing agent in date palm fruits, which also include phytochemicals such as phenols, flavonoids, sterols,
carotenoids, anthocyanins, and procyanidins. Nickel nitrate was added to a graphene oxide solution in distilled water
to form a green technique for producing NiO NPs. Next, fruit extract was added to decrease the graphene oxide to
graphene, and the mixture was heated at ~85°C for 1 hour while stirring continuously. The solution's pH has to be 10
for this method to deposit Ni(OH): onto the graphene oxide surface. Biogenically produced NiO NPs, with an average
size of 20-30 nm and consistent anchorage to the graphene surface, were found to have a spherical shape in their
investigation.

2.1.7. Cobalt Oxide Nanoparticles (CoO NPs)

The electroactivity property of CoO NPs is good, and they are cost-efficient. Therefore, CoO NPs have potential use
as catalysts, sensors, and biosensors in the industrial sector. Several applications have taken advantage of CoO NPs
because of their excellent stability, size controllability, and surface to volume ratio. One example is a glucose sensor
made of carbon nanotubes and chitosan-based cobalt hexacyanoferrate nanoparticles [23]. Additionally, SWCNTSs
have been synthesized utilizing Pt-Co NPs and Co NPs [24, 25]. The synthesis of CoO NPs, however, has begun to
make use of environmentally friendly technologies in recent years. Regarding this matter, Chekin et al. accomplished
the green synthesis of CoO NPs by using gelatin, a byproduct of collagen that is denatured and composed of single-
chain amino acids. The capacity to create films with great mechanical strength and the fact that gelatin is a harmless
and biocompatible three-dimensional polymer network make it an ideal stabilizing agent for avoiding the aggregation
of CoO NPs. As a first step, gelatin and cobalt nitrate were each dissolved in deionized water for 30 minutes at
different temperatures (60 ~C for gelatin). After that, a resin was produced by mixing the two solutions while stirring
constantly in a water bath set at 80 °C for 12 hours. The CoO NPs may be obtained by heating this product to ~500°C
for 8 hours in a furnace. Using transmission electron microscopy (TEM), it was determined that the average size of
biogenically produced CoO NPs was 28 nm and that their form was spherical or quasi-spherical. The XRD peak of
the CoO NPs was seen in the broad 26 (10~ < 26 < 80~) angle range. The clumping of CoO NPs was shown by SEM,
which is explained by the fact that the rate of particle growth is much higher than the rate of new particle nucleation
[26].

2.1.8. Zinc Oxide Nanoparticles (ZnO NPs)

The fast rate of synthesis, nontoxicity, considerable biocompatibility, antibacterial activity, and photocatalytic activity
of green produced ZnO NPs have led to their discovery as one of the most advantageous metal oxide nanoparticles.
In the manufacture of ZnO NPs, the plant extract is utilized as a biological reducing and stabilizing agent. The
production of ZnO NPs has also made use of other microbes, such as fungi. Numerous scientific and technical domains
have made use of ZnO NPs, including electrochemistry, catalysis, medicinal devices, cleaning agents, the textile
industry, and many more, mostly because of its elevated surface area-to-volume ratio [27]. In a temperature-dependent
manner, Elavarasan et al. showed that ZnO NPs could be synthesized in an environmentally friendly way using
Sechium edule leaf extract. They found that 400 °C was the optimal temperature, and the resulting nanoparticles had
a spherical shape, an average size range of 36.2 nm, and a zeta potential of 19.5 mV. When compared to ZnO NPs in
the traditional way, those made via the green approach have far stronger photocatalytic, antibacterial, and anticancer
effects [28].

2.1.9. Silver oxide NPs

The green combustion approach was used to produce Ag-O NPs, [29] with the dried leaves of the Lippia citriodora
plant serving as the fuel. After being dried in an autoclave, the plant leaves were ground into a fine powder using a
mortar and pestle. In a silica crucible, the stoichiometric ratios of analytical-grade silver nitrate and powdered Lippia
citriodora leaves were mixed well with a magnetic stirrer for approximately 5 to 10 minutes while a small amount of
water was present. The muffle furnace was preheated to 600 £ 10 °C, and then the mixture was added. A white powder
was released through the enormous absorbent structure as a result of a reaction that began in the furnace's center and
swiftly spread across the whole apparatus. Following their synthesis, the Ag.O NPs were subjected to structural and
further investigations.Sustainable production of Ag.O NPs by burning utilizing powdered Lippia citriodora. Under
ultraviolet light irradiation, the acid orange 8 (AO8) dye was used to study the photocatalytic characteristics of Ag.O
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NPs. A significant proportion of AO8 dye degradation was observed in NPs produced using Lippia citriodora powder,
indicating that the catalyst exhibited strong photocatalytic activity (PCA). The Ag-O NPs have antifungal and
antibacterial properties against Staphylococcus aureus. Additional research on the topic of wound healing using an
albino Wistar rat excision skin wound model showed that hydrogels containing Ag-O NPs exhibited superior wound
healing activity when contrasted with both untreated and plant extract treatments. The main conclusion drawn from
this study is that biologically generated Ag.O from the powder of the Lippia citriodora plant is more effective against
a variety of disease-causing microbes and may be beneficial in the creation of wound dressing agents for use in nursing
care.

3. Biomedical Applications of metal oxide NPs

Among the many desirable characteristics of nanoparticles made of metals or metal oxides are their exceptional
mechanical stability, large surface area, biocompatibility, and intriguing redox and catalytic capabilities [30]. Many
biomedical applications, such as implant devices, neurochemical monitoring and diagnostics, bioimaging, biomedical
therapies, biosensing, and nanoparticles made of metals and metal oxides, are interested in these characteristics and
their distinctive plasmonic capabilities [31]. Researchers are currently devoting a lot of time and energy to studying
nanoparticles of ZnO and Fe:0s, which both exhibit excellent biocompatibility and nontoxicity. Due to its potent
antimicrobial properties, ZnO finds external use as a wound dressing and as a covering for medical devices to prevent
the development of biofilms. Nanoparticles of iron oxide (Fe20s) have a long history of use in cutting-edge biomedical
procedures, including contrast agents for magnetic resonance imaging (MRI), bioseparation and targeted
administration, and tumor hyperthermia treatment [32, 33]. Biosensorics, clinical chemistry, genomics, targeted drug
administration, optical bioimaging, immunoassay, cancer cell detection, and thermolysis were among the many
biomedical uses of Au NPs that were thoroughly investigated [33]. Because their particle scattering cross-section is
three to five times larger than that of a single fluorescence label, AUNPs have a better chance of revealing biospecific
interactions when used in conjunction with dark field microscopy [33]. For these reasons, various shaped AuNPs were
employed, including nanorods, nanostars, nanoshells, and nanocages [34, 35].

3.1. Application of metal oxide NPs in Fuel Cell Technology

Electrochemical devices known as fuel cells effectively convert chemical energy from fuels like hydrogen into
electricity while releasing only water and heat as byproducts. A metal catalyst, most often platinum, which is both
costly and widely utilized, plays a crucial role in electrochemical conversion. The need for an alternative was
answered when researchers found a way to use inexpensive metals at the nanoscale, which ended their hunt for better
and cheaper metals. Since palladium is chemically similar to platinum, it was initially utilized as a substitute for
platinum [36]. Because nanoscale materials have a much larger surface area, more particles may interact chemically
with it, thus increasing the catalytic reaction's effectiveness. Consequently, it is proven that palladium at the nanoscale
resulted in both cost savings and improved performance. Electrochemical deposition of palladium nanoparticles onto
graphene sheets allowed Michael Holtig et al. to create an electrode for ethanol fuel cells that was extremely efficient
[37]. The electrode shows a high level of catalytic activity, reaching 7977 mA/cm?2 when the catalyst loading is 83
pg/cm?. A cost-normalized precious metal-free hydrogen fuel cell (HEMFC) with an Ag-phosphonium ionomer
interface was developed for use in hydrogen exchange membrane fuel cells (HEMFCs) in another study [38]. This
interface enhances mass transfers and promotes the reduction of oxygen. Alternatively, TiO: can serve as a catalyst
support since it has sufficient mechanical resistance and is stable in both acidic and oxidative situations. The TiO--
supported Pt electrocatalyst has ultrahigh stability for high positive potentials and demonstrates outstanding fuel cell
performance, as proven by ShengYang Huang et al. [39]. It may be used as a catalyst for polymer electrolyte
membrane fuel cells. Kashale et al. [40] reported TiO: nanoparticles made by a straightforward and affordable
biosynthesis method were utilized as the anode in Li-ion batteries. The electrochemical performance of the half-cell
configuration (Li/Bio-TiO: ) between 1 and 3 V at current density 33 mA g' showed high reversible capacity (164
mA g') and capacity retention (98%) after 60 cycles which is shown in following fig.
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3.2. Photo catalytic Applications
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Figure 7, Depiction of (a) the absorbance spectra of and (b) the percentage of dye degradation at different time
intervals when the Ag>O NPs made from plant extract (Lippia citriodora) were exposed to UV light using the AO-8
dye photo catalyst. [29]
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Research into the catalytic activity of nanoparticles made of metals and metal oxides is another massive and crucial
field. Consequently, there was a dearth of literature on the catalytic activity of environmentally friendly nanoparticles
employed to break down toxic dyes such as methyl orange, safranine, crystal violet, methylene blue, and methyl red
[41-43]. When it comes to reducing different harmful dyes, Ag NPs show outstanding catalytic activity. According
to Annu et al., methylene blue breaks down in around 10 minutes, and other dyes are breaking down at the same rate.
The catalytic reduction of p-nitrophenol to p-aminophenol is carried out more efficiently by greenly produced AgNPs
stabilized with curcumin, with a reaction rate constant of 6.66 x 10”3 s and a turnover frequency number of 1600
min!, respectively [44]. Additionally, green-produced Pd NPs have the ability to remediate wastewater and show
catalytic properties for the breakdown of azo dyes [45]. The Heck and Suzuki reactions were found to be effectively
catalyzed by Pd NPs supported by biomass. Cells of Escherichia coli, Candida albicans, and Candida desulfuricans
that were grown on PANP supports exhibited strong activity in the Heck coupling of phenyliodide and ethylacrylate.
In both laboratory and commercial studies, E. coli supported Pd NPs as a catalyst in the Heck and Suzuki coupling of
phenyl iodide (75% yield) and ethyl acrylate to ethyl cinnamate (78% yield) [46]. In addition, 3-chlorotoluene is an
ineffective reactant when using the catalyst, although bromoacetophenone, 4-bromoanisole, and 4-chloroanisole all
react well. Photocatalysis, gas-phase catalysis, electrocatalysis, and other catalytic processes were thoroughly covered
by Manoj B. Gawande and colleagues [47] when it came to the catalytic activity of copper and copper-based
nanoparticles such as copper oxides, hybrid copper nanostructures, and metallic copper. When exposed to sunshine
and ultraviolet radiation, ZnO NPs with a particle size of 5-15 nm may break down methylene blue dye [48]. The
photocatalytic activity of the Ageratina altissima extract-synthesized TiO. NPs was most effective against methylene
blue (86.79% decolorization percentage), crystal violet (77.59% decolorization percentage), methyl orange (69.09%
decolorization percentage), and alizarin red (76.32% decolorization percentage) [49].

4, Conclusion

Green synthesis has advantages over chemical and physical methods, including cost-effectiveness, environmental
friendliness, and scalability for large-scale production. Nanoparticles of metals and metal oxides have been
synthesized using various environmentally friendly technologies, which we have attempted to explain in this chapter.
Although there are some clear drawbacks, green synthesis methods offer many advantages over the traditional way
of making nanoparticles. These include saving time and energy, being cost-effective, not containing any chemical
contaminants, making better use of waste materials, being better for the environment, and many more. Nanoparticles
made of metals and metal oxides have shown great promise in several areas, and their uses appear to be quite broad.
Here are a few of the most notable uses for metals and metal oxides: in sensors, fuel cells, targeted drug delivery,
photo catalysis, biomedicine, and antimicrobials. The regulation of particle form and size, as well as the achievement
of monodispersity in the solution phase, pose significant hurdles to the biosynthesis of nanoparticles. In addition, the
mechanical details of particle creation are mostly unknown, although this knowledge is crucial for the practical and
economic advancement of nanoparticle biosynthesis. Still another significant and noticeable obstacle is the need to
scale up processing to production levels. In order for this green synthesis approach to replace the conventional method
at the industrial level of nanoparticle synthesis, it is necessary to overcome these significant technological hurdles
and problems.
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