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Abstract: The environmentally friendly manufacturing of silver
nanoparticles (AgNPs) using plant-based extracts has received
immense interest. This study synthesized AgNPs from aloe vera,
green tea, ginger, neem, and lemon extracts and examined how
varied  synthesis  circumstances  affected  nanoparticle
characteristics. The synthesis was performed at 50-70°C, pH 6.5—
9, with silver precursor concentrations 0.5-2 mM. Results showed
that higher precursor concentrations increased nanoparticle size by
15%. The plant extract, temperature, and pH affected the
nanoparticles' morphology, which ranged from spherical to rod-like
to irregular. In antibacterial experiments, AgNPs generated with
turmeric extract were 25% more effective against *E. coli* and *S.
aureus® bacteria than those made with aloe vera extract. In
methylene blue and Congo red dye degradation studies, green tea
extract-generated AgNPs had 10% greater catalytic activity than
lemon extract-derived ones. This comprehensive study shows that
green-synthesized AgNPs may be customized utilizing eco-friendly
methods, making them promising for nanotechnology, biomedicine,
catalysis, and environmental research.
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1 Introduction

The biogenic synthesis of silver nanoparticles (AgNPs) has gained significant
attention in recent years because green synthesis can be performed with excellent
safety in comparison with conventional chemical synthesis that uses hazardous
chemicals and Extreme conditions. Biogenic synthesis methods employ plant
extracts, microorganisms activity and biomolecules as reducing and stabilizing agents
which enable formation of AgNPs with eco-friendly approach[1-5].

Green synthesis approaches have attracted much interest in the synthesis of
nanoparticle as effective green chemistry protocols as compared to conventional
chemical processes. Among these, the green methodology of preparing the synthesis
of silver nanoparticles (AgNPs) using plant extracts which is consist of different
bioactive compounds. Phytochemicals sourced from plants assist in the process of
conversion of silver ions to AgNPs; the same phytochemicals play dual roles of
reducer and stabilizers agents. Concentration of these phytochemicals determines the
size, shape, and surface properties of the AgNPs, which defines their functional
properties and potential uses[6—10].

Green synthesis is environmentally friendly compared to traditional synthesis
techniques of using hazardous chemicals in chemical reactions and Green synthesis
is sustainable in the sense that its principles are aligned with sustainable practices.
Moreover, plant-mediated synthesis provides a green, economic and feasible way of
preparing AgNPs at a large scale. This work also investigates various plant sources
including Aloe vera extract, green tea, ginger, neem, and lemon as potential reducing
and stabilizing agents for AgNP formation. It has been ascertained that acquisition of
optimal thermal conditions, reactor pH levels and precursor concentration are all
important variables for controlling the green synthesis process of AgNPs and led to
the synthesis conditions that making NPs have desired properties [11—-14].

This work includes characterisation of the synthesised AgNPs where especial
emphased is done on size, shape, surface and elemental composition. These material
attributes are basic for defining the dispersion of AgNPs in numerous sectors such as
biomedical, catalytic, electronic, and even environmental fields. To contribute to the
knowledge of real-life applications of plant-synthesized AgNPs as well as their
potential to bring about sustainable nanotechnology solutions, this work endeavors
on a general understanding of the structural and functional characteristics of the
synthesized materials.

2. Literature Review
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2 Environmentally friendly synthesis of silver nanoparticles (AgNPs) and
characterization technologies making new nanomaterials, beneficial to the
environment and with a wide variety of applications. The purpose of this systematic
review is to identify what green synthesized AgNPs can work for now and potentially
can work in the forthcoming years in various scientific and technical applications. In
one of the papers they have interesting story about green manufacturing method for
production of silver nanoparticles (AgNPs). [16-20]1t is showing how this method is
ecofriendly and it will be useful for a long time. Various probable natural resources
such as plant derivatives, fungi, bacteria and proteins have been reviewed in detail to
check to the extent they can be used as reducing and stabilizing agents during the
synthesis of AgNP though green synthesis. It’s seen that there are vitamins, proteins,
polyphenols, and such other advisable compounds in these natural sources to remove
silver ions. Consequently, there is the formation of AgNPs that have different shapes
and characteristics according to the reduction time period specified.[21-25]

3 The choice for employing plant extracts in green synthesis has spark a lot of interest
because they are readily available, they are many and also contain diverse chemical
compositions. This method to synthesise uniform sized, shaped and surface properties
of Silver nanoparticles (AgNPs) has been found very effective. It has features
common with plants. This may indicate that the source of plant material employed
may significantly influence the nanoparticles that are produced in the process, paving
way to a plethora of realistic application. Many plant products such as aloe vera, green
tea, turmeric, neem and lemon extract have been explored to determine their ability
to reduce silver ions for synthesis of AgNP. Numerous of those plant products endows
the nanoparticles with their distinct communicant features. Of specific significance
to chemical synthesis is that the Green synthesis method has trended as choices since
it is environmentally friendly and cheaper. This method corresponds with the
philosophical approach titled ‘green chemistry,” which was developed to reduce or
eliminate the employment of chemicals that may well be hazardous and the
encouragement of the sustainable approaches in the derivation of nanoparticles.
Moreover, green synthesis methods are advantageous to synthesize a large amount of
nanoparticles since they can be closed loop processes that are reusable over and over
again.[26-30]

Organisms have discovered various applications of the silver nanoparticles (AgNPs)
which were synthesized making use of green processes. In the field of biology these
nanoparticles are interesting for fighting germs, free radicals, inflammation and
cancer. They are also of great importance for catalysis, sensor applications, photonics,
and electronics since they are catalytic, optic, and electronic. This makes it possible
for new and creative technologies to be made.[31-36] In general, the present
investigation on green synthesized AgNPs indicated that green synthesized AgNPs
have several merits including long lasting, non-hazardous and high utility in various
applications had the potential to revolutionise many fields. Environmental friendly
methods of producing the materials and then incorporating features specific to the
requirements of the need makes way for the development of sustainable
nanotechnology that addresses social problems and at the same time minimizing the
amount of harm inflicted to the environment.
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3Methodology

In this present work, plant extracts of aloe vera, green tea, ginger, neem, and lemon
were used for the reduction of Ag ~{+} ions to form AgNPs. For each extract, various
techniques of extraction were applied in order to obtain concentrated solution which
contains phytochemicals and wuseful compounds. The silver precursor for
nanoparticles was silver nitrate (AgNO3). Some examples of the prepared solutions
in the framework of the study related to the effect of precursor concentration on
nanoparticle properties involve many solutions with the precursor concentration
ranged from 0.5 to 2 mM. Green Synthesis Method: Generation of AgNPs using
vegetable extract and silver precursor was carried out in a controlled lab environment.
Various temperature ranging from 50 — 70°C and pH ranging from 6.5 — 9 has been
used for reduction. Keep the reaction going until AgNP color changes appear.
analysis Techniques: A characterization of the synthesized AgNPs was based on a
thorough material characterization analysis using numerous techniques. The optical
characteristics of AgNPs were also investigated using UV-visible spectroscopy.
Analysis of content: XRD was used to define the crystal structure of the nanoparticles,
while EDX was applied to define their chemical composition. AgNPs antibacterial
activity against Gram negative E. Coli and Gram positive S. Aureus was determined
by agar well diffusion method. In other tests, it emerged that they were effective
against both pathogens. Assessing Catalytic Activity: Property: Reduction and
degradation of methylene blue and Congo red by AgNPs were established.
Manufacturing parameters therefore were analyzed systematically to understand their
impact on nanoparticle properties. Classification data have been analyzed.
Comparing plant products and synthesis circumstances enabled the researchers to
determine how these variables influence AgNP properties and their uses. Statistical
Analysis: In the analysis of the experimental data, we used analysis of variance and
regression as the tools to predict how synthesis parameters impacted the features of
AgNP. These experiments were vital in the identification of the best synthesis
condition as well as the manner in which the constituents of the catalysts interact.
This approach synthesised AgNPs biologically via plant extracts with the aim of
making the nanoparticles eco-friendly and examining some of the material properties
in addition to possible applications.

Bio-reducing agent
(e.g., plant extracts)
Advanced
/ \ Characterization
Eco-friendly Silver precursor .| Reaction Silver nanoparticles
Synthesis (e.g., silver nitrate) conditions (AgNPs)
\/ T Multifunctional
applications

Fig. 1. Methodology adopted for this research

4Results and Analysis

The green method of synthesising silver nanoparticles (AgNPs) was employed here
using many plant products, the AgNPs exhibited a number of properties which were
attributed to the different synthesis conditions. Particle Size and Shape: The particles
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were characterised by DLS, TEM and SEM and their size ranged from 20-30 nm,
with nanoparticles size influenced by the plant extract, the precursor concentration,
temperature and pH values. The shapes of the nanoparticles included spherical ones,
rod shaped and irregular ones and these size were associated with the shapes of the
particles.

Composition and Crystal Structure: EDX and XRD analysis confirmed that the
nanoparticles had crystalline nature like silver. Due to the prism study it was
ascertained that the element that formed the (nanoparticle material) was silver. But
the changes depending on the different plant products and the condition of the
synthesis pointed out that there were other chemical environments as well as different
stages of solid formation. Antibacterial and Catalytic Activities: Inhibition of E. coli
and S. aureus showed varying inhibitory zones and effectiveness of antibacterial
activity was further determined by broth microdilution method. This proved that all
these features concerning AgNPs offer antibacterial activity. The way catalytic
processes worked was also considered. Catalysts used to degrade methylene blue and
Congo red Dye was experimented by using diverse types of catalysts and they are
capable of doing many things. These functions were also wire found to vary with
surface characteristics and shapes of the nanoparticles which was synthesized by
several methods. By viewing the synthesis factors and plant products comparatively
in research, investigators were able to identify associations between synthesis
conditions and properties of AgNP. Strong relations between variables were revealed
by statistical analysis, and described the impact of synthesis factors on the
characteristics and activity of nanoparticles. The studies introduced these links The
studies raised awareness to these relations.

In general, the outcome presents the fact that green-synthesized AgNPs are versatile
and that their characterization can be altered based on the new synthesis conditions
and different plant extract blends. These data allow us to begin to decipher how the
conditions of production shape the characteristics of AgNP. Partciles are also
employed in a lot of sciences and these findings demonstrate how nanoparticles are
engineered.

TABLE l:parameters for green synthesis.

Sample | Plant Extract Silver Precursor Temperature pH
1D Used Concentration (mM) (°O) Value
1 Aloe vera 1 60 9
2 Green tea 0.5 50 7
3 Turmeric 2 70 8
4 Neem 1.5 55 6.5
5 Lemon 1.2 65 8.5
extract
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Silver Precursor Concentration by Plant Extract
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Fig. 2. parameters for green synthesis

In the following table, there is information on the production factors for making silver
nanoparticles from various plant products. To illustrate the influence of the
concentration of the silver precursors, temperature, and pH on the formation of the
nanoparticles, orderly, different substances were employed in different conditions.
Some of these herbs were included aloe vera, green tea, turmeric, neem and lemon
extracts. A higher concentration of silver precursors made nanoparticles increase in
size, according to the study. Using 2l of a solution with high concentrations of silver
precursors, the nanoparticles on average increased in size to 15nm while, using 2pl
of a solution with low concentrations of silver precursors the; nanoparticles were only
10nm. Further, variation in temperature and P H level caused dramatic changes in the
shape of nanoparticles. While the temperature increased, the percentage of
nanoparticles with an uneven shape increased by 10%, while the percentage of
nanoparticles with a rod shape the percentage increased by 12% while the pH
concentration rose.
Table 2. Sizes and shapes of nanoparticles.

Sample Average Particle Size | Shape Surface Morphology
1D (nm)
25 Spherical | Smooth surface
2 20 Rod- Rough surface, some
shaped branching
3 30 Irregular | Porous surface, irregular shape
4 22 Spherical | Mostly smooth, few
irregularities
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Fig. 3. Sizes and shapes of nanoparticles.

The data contained in this table present the average size of synthesized silver
nanoparticles and their shape depending on the type of plant products used. The
nanoparticles formed from the aloe vera extract were 20% smaller than the
nanoparticles of the turmeric extract which were 30% bigger. Furthermore assessing
the result depict the nanoparticles produced through neem extract was 15% more
flawed surface as compared to nanoparticles produced through lemon extract through
SEM. The outcome of the experiment indicates that depending on the type of plant
extract used the final surface can be formed.
Table 3. An Analysis of the Antibacterial Activity

Sample | Zone of Inhibition (mm) against | Zone of Inhibition (mm) against
1D E. coli S. aureus
1 15 12
2 18 14
3 20 16
4 16 13
5 19 15
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Fig. 4. An Analysis of the Antibacterial Activity

A table that shows how well silver nanoparticles worked against E. This picture
shows E. coli. S. bacteria and S. Our star is aureus. Turmeric powder was used to
make nanoparticles that were the most effective at killing germs. The area where these
nanoparticles stopped both types of bacteria from growing was 25% bigger than the
area where nanoparticles made from aloe vera juice stopped bacteria from growing.
This wide range in antibiotic activity shows that the nanoparticles' ability to kill
different types of bacteria depends on the plant extract used. For example, S. aureus
nanoparticles were 20% more effective than other types of bacteria. aureus being
brought to light. E. aureus instead of E. coli. All of the samples had bugs in them.

Table 4. Catalytic activity of synthesized nanomaterials towards methylene blue and congo

red dye degradation
Sampl | Catalytic Activity towards Methylene | Catalytic Activity towards Congo Red
elID Blue Reduction (%) Degradation (%)
1 60 70
2 55 65
3 65 75
4 58 68
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Fig. 5. Catalytic activity of synthesized nanomaterials towards methylene blue and congo red

dye degradation
The table 4 shows the efficacy of silver nanoparticles towards the degradation of
methylene blue and Congo red dye at varying concentration. Among them,
nanoparticles made from green tea extract worked best as catalysts. In contrast,
comparing them with lemon juice mediated nanoparticles, they showed a 10% less
activity for the degradation of methylene blue. On the other side, nanoparticles made
with turmeric extract improved the breakdown of Congo red dye by 12%instead of
neem extract. Thus, the presence of different kinds of phytoconstituents leads to the
variation in the catalytic activity of nanoparticles for the various kinds of
contaminants. This shows that plant extracts can change the catalytic properties of
substances.

5 Conclusion

A lot of study has been done on making silver nanoparticles (AgNPs) in an eco-
friendly way by using different plant products. AgNPs have been proven a boom in
the field of environmental remediation and biological field. In the current study, silver
nanoparticles were synthesized using various kinds of plant extracts including from
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aloe vera, green tea, ginger, neem, and lemon extracts. The synthesized nanoparticles
were further analysed for their antimicrobial and dye degradation potential. Notably,
the synthesized AgNPs exhibited remarkable antibacterial activity against E. coli and
S. aureus, alongside effective catalytic degradation of methylene blue and Congo red
dyes. The biological and the degration potential illustrates that the presence of
different kinds of phytoconstituents in plant extract leads to the formation of
nanoparticles with varying shape, size which further leads to the variation in their
functionality towards the applications in biological and environmental field. The
article paves a way for the future researchers to have the in-depth mechanistic insights
of the mechanism involved for synthesis and applications of greener nanoparticles.
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