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Abstract

The synthesis of metal nanoparticles (NPs) through plant-mediated methods has garnered significant attention due to its eco-friendly and
cost-effective nature. In this study, we investigated the fluorescent properties and catalytic activities of metal nanoparticles synthesized using
various plant extracts. “The synthesis process involved the reduction of metal ions by phytochemicals present in the plant extracts, leading to
the formation of stable metal nanoparticles. The fluorescent properties of the synthesized nanoparticles were characterized using
spectroscopic techniques, revealing unique emission spectra indicative of their potential applications in bioimaging and sensing.
Additionally, the catalytic activities of these nanoparticles were evaluated in various chemical reactions, showcasing their efficiency as
heterogeneous catalysts. Our findings underscore the promising role of plant-mediated synthesis in tailoring the properties of metal

nanoparticles for diverse applications in fields ranging from biotechnology to environmental remediation.
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Introduction

Nanotechnology has emerged as a pivotal field with diverse
applications spanning from medicine to environmental
remediation, owing to the unique properties exhibited by
materials at the nanoscale (Gupta & Gupta, 2020) [4. Among
various nanomaterials, metal nanoparticles (NPs) have
garnered significant attention due to their distinctive
electronic, optical, and catalytic properties (Jain et al., 2021)
Bl Traditional methods for synthesizing metal NPs often
involve the use of harsh chemicals and high temperatures,
leading to environmental concerns and potential toxicity
issues (Ahmed et al., 2016) 1. Consequently, there has been
a growing interest in developing eco-friendly and
sustainable synthesis approaches. Plant-mediated synthesis
of metal nanoparticles has emerged as a promising
alternative to conventional methods (Singh et al., 2018) [,
Plants contain a myriad of secondary metabolites such as
phenolics, flavonoids, and terpenoids, which possess
reducing and capping properties (Ghosh et al., 2019) [l
These phytochemicals can effectively reduce metal ions into
nanoparticles, leading to the formation of stable and
biocompatible nanomaterials (Singh et al., 2018) 9. The

https://multiresearchjournal.theviews.in

use of plant extracts not only eliminates the need for toxic
chemicals but also offers a facile and cost-effective route for
NP synthesis (Rastogi et al., 2020) ©1,

The exploration of the fluorescent properties of metal
nanoparticles synthesized via plant-mediated methods has
garnered considerable interest in recent years (Rani &
Rajasekar, 2021) . Metal nanoparticles exhibit unique
optical properties due to localized surface plasmon
resonance (LSPR), resulting in enhanced fluorescence
emission (Kumar et al., 2017) .. The fluorescent behavior
of metal nanoparticles can be tuned by varying their size,
shape, and composition, making them suitable candidates
for various applications such as bioimaging and sensing (Li
et al, 2020) [ Furthermore, metal nanoparticles
synthesized using plant extracts have shown promising
catalytic activities in various chemical reactions (Dwivedi et
al., 2020) @, The high surface area-to-volume ratio and the
presence of active sites on the nanoparticle surface facilitate
efficient catalysis (Ghosh et al., 2019) [Bl. Moreover, the
biocompatible nature of plant-mediated nanoparticles
renders them suitable for catalyzing reactions in biological
systems (Singh et al., 2018) 1,
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The choice of plant species for synthesizing metal
nanoparticles plays a crucial role in determining the
properties and potential applications of the resulting
nanomaterials. Various plant extracts, including those from
leaves, stems, roots, and fruits, have been explored for their
ability to mediate the synthesis of metal nanoparticles
(Ghosh et al., 2019) I, Each plant species contains a unique
composition of phytochemicals, which impart distinct
reducing and capping abilities, influencing the size, shape,
and stability of the synthesized nanoparticles (Singh et al.,
2018) 9, Additionally, factors such as extraction method,
solvent polarity, and pH conditions significantly affect the
phytochemical composition of the extract, thereby
influencing the nanoparticle synthesis process (Rani &
Rajasekar, 2021) [¢1,

In recent years, there has been a growing interest in
elucidating the mechanisms underlying the synthesis of
metal nanoparticles using plant extracts. Several studies
have proposed potential pathways involving the reduction of
metal ions by phytochemicals and subsequent nucleation
and growth processes (Ahmed et al., 2016) M. However, the
exact mechanisms governing the synthesis process remain to
be fully understood, warranting further investigation. A
comprehensive understanding of these mechanisms is
crucial for tailoring the synthesis parameters and optimizing
the properties of the resulting nanoparticles for specific
applications (Kumar et al., 2017) ¥, Moreover, the synthesis
of metal nanoparticles using plant extracts offers the
advantage of scalability and reproducibility. Plants are
abundant and easily accessible sources of phytochemicals,
allowing for large-scale production of nanoparticles at low
cost (Dwivedi et al., 2020) . Furthermore, the synthesis
process can be readily optimized through the selection of
appropriate plant species, extraction conditions, and reaction
parameters, ensuring consistent and reproducible synthesis
of nanoparticles with desired properties (Gupta & Gupta,
2020) M. This scalability and reproducibility make plant-
mediated synthesis an attractive approach for industrial-
scale production of metal nanoparticles.

Significance of the study

This study holds significant implications for both scientific
research and practical applications. Firstly, by investigating
the fluorescent properties and catalytic activities of metal
nanoparticles synthesized via plant-mediated methods, this
research contributes to advancing our understanding of
nanomaterials' behavior at the interface of biology and
chemistry. Understanding the fundamental properties of
these nanoparticles can pave the way for the development of
novel bioimaging probes, biosensors, and catalytic systems
with enhanced performance and biocompatibility. Secondly,
the eco-friendly nature of plant-mediated synthesis offers
sustainable alternatives to conventional methods, aligning
with the growing emphasis on green chemistry and
environmentally benign processes (Dwivedi et al., 2020) 2,
By harnessing the reducing power of plant phytochemicals,
this approach minimizes the use of hazardous chemicals and
energy-intensive processes, thereby reducing environmental
pollution and mitigating potential health risks associated
with traditional synthesis routes. Furthermore, the versatility
and scalability of plant-mediated synthesis make it well-
suited for large-scale production of metal nanoparticles,

https://multiresearchjournal.theviews.in

catering to the increasing demand for nanomaterials in
various industries. The ability to tailor the properties of
nanoparticles by selecting different plant species and
optimizing synthesis parameters enhances the applicability
of these nanomaterials in fields such as biomedicine,
catalysis, and environmental remediation (Gupta & Gupta,
2020) 1. Moreover, the cost-effectiveness of plant-mediated
synthesis makes it particularly attractive for resource-
limited settings, where access to expensive equipment and
reagents may be limited.

Review of Literature

Metal nanoparticles synthesized through plant-mediated
methods have garnered significant attention in recent years
due to their unique properties and diverse applications. This
section provides a comprehensive review of the existing
literature  on plant-mediated  synthesis of metal
nanoparticles, focusing on their fluorescent properties and
catalytic activities.

Numerous studies have explored the green synthesis of
metal nanoparticles using various plant extracts and their
applications in different fields. Singh et al. (2018) 9
emphasized the potential of phytochemicals present in plant
extracts to act as reducing and capping agents in the
synthesis of metal nanoparticles. They discussed the eco-
friendly nature of plant-mediated synthesis, highlighting its
advantages over conventional chemical methods. Similarly,
Ghosh et al. (2019) B! reported the synthesis of gold
nanoparticles using Gnidia glauca flower extract and
evaluated their catalytic potential. Their study demonstrated
the effectiveness of plant-mediated synthesis in producing
stable nanoparticles with enhanced catalytic activities.

The literature also extensively discusses the fluorescent
properties of metal nanoparticles synthesized via plant-
mediated methods. Kumar et al. (2017) © reviewed the
synthesis of fluorescent metal nanoclusters and their
applications in various fields, including bicimaging and
sensing. They highlighted the tunable fluorescence emission
of metal nanoclusters, making them promising candidates
for biomedical applications. Li et al. (2020) [l provided an
overview of the synthesis methods and applications of
fluorescent metal nanoclusters, emphasizing their potential
in biomedical imaging and theranostics.

Moreover, several studies have investigated the catalytic
activities of metal nanoparticles synthesized using plant
extracts. Ahmed et al. (2016) [ reviewed the antimicrobial
applications of silver nanoparticles synthesized via plant
extract-mediated methods. They demonstrated the efficacy
of plant-mediated synthesis in  producing  silver
nanoparticles with potent antimicrobial properties. Dwivedi
et al. (2020) ! discussed the potential applications of
metallic nanoparticles synthesized via green methods in
pharmaceutical sciences, highlighting their catalytic
activities and biocompatibility.

Furthermore, the choice of plant species for synthesizing
metal nanoparticles significantly influences the properties
and potential applications of the resulting nanomaterials.
Various plant extracts, including those from leaves, stems,
roots, and fruits, have been explored for their ability to
mediate the synthesis of metal nanoparticles (Singh et al.,
2018) 191, Each plant species contains a unique composition
of phytochemicals, which impart distinct reducing and
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capping abilities, thus influencing the size, shape, and
stability of the synthesized nanoparticles (Rani & Rajasekar,
2021) [©1 Additionally, factors such as the extraction
method, solvent polarity, and pH conditions significantly
affect the phytochemical composition of the extract, thereby
influencing the nanoparticle synthesis process (Jain et al.,
2021) Bl Recent studies have also focused on elucidating
the mechanisms underlying the synthesis of metal
nanoparticles using plant extracts. Ahmed et al. (2016) M
proposed potential pathways involving the reduction of
metal ions by phytochemicals and subsequent nucleation
and growth processes. However, despite significant
progress, the exact mechanisms governing the synthesis
process remain to be fully understood, warranting further
investigation. A comprehensive understanding of these
mechanisms is crucial for tailoring the synthesis parameters
and optimizing the properties of the resulting nanoparticles
for specific applications (Kumar et al., 2017) [,

Moreover, the scalability and reproducibility of plant-
mediated synthesis make it well-suited for large-scale
production of metal nanoparticles, addressing the increasing
demand for nanomaterials in various industries. Plants are
abundant and easily accessible sources of phytochemicals,
allowing for cost-effective and sustainable synthesis of
nanoparticles (Dwivedi et al., 2020) 2°. Furthermore, the
synthesis process can be readily optimized through the
selection of appropriate plant species, extraction conditions,
and reaction parameters, ensuring consistent and
reproducible synthesis of nanoparticles with desired
properties (Ghosh et al., 2019) [l Furthermore, the
exploration of plant-mediated synthesis of metal
nanoparticles has extended to understanding their potential
applications in environmental remediation. Several studies
have demonstrated the effectiveness of these nanoparticles
in pollutant degradation and wastewater treatment. For
instance, silver nanoparticles synthesized using plant
extracts have been shown to exhibit potent antimicrobial
properties, making them promising candidates for water
disinfection and antimicrobial coatings (Ahmed et al., 2016)
(1. Additionally, metal nanoparticles synthesized through
green methods have been utilized as catalysts for the
degradation of organic pollutants in water bodies (Dwivedi
et al., 2020) %, These studies highlight the multifaceted
applications of plant-mediated nanoparticles in addressing
environmental challenges.

Moreover, the field of nanomedicine has witnessed
significant advancements with the emergence of plant-
mediated synthesis of metal nanoparticles. These
nanoparticles hold immense potential for drug delivery,
imaging, and therapeutics due to their biocompatibility and
tunable properties (Gupta & Gupta, 2020) . For instance,
gold nanoparticles synthesized using plant extracts have
been explored as carriers for targeted drug delivery,
exploiting their surface functionalization capabilities and
enhanced cellular uptake (Jain et al., 2021) I, Furthermore,
metal nanoparticles with fluorescent properties synthesized
through green methods have shown promise in bioimaging
and sensing applications, offering high sensitivity and
specificity (Li et al., 2020) [l These studies underscore the
transformative impact of plant-mediated synthesis on the
field of nanomedicine.
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Objectives

1. To Synthesize Metal Nanoparticles using Different
Plant Extracts

2. To Investigate the Fluorescent
Synthesized Metal Nanoparticles

3. To Evaluate the Catalytic Activities of Synthesized
Metal Nanoparticles

4. To Determine the Influence of Plant Species on
Nanoparticle Properties

Properties  of

Research questions

1. Which plant extracts are most effective in synthesizing
stable metal nanoparticles?

2. What are the fluorescent properties of the synthesized
metal nanoparticles, and how do they vary with
different plant extracts?

3. How do the synthesized metal nanoparticles perform as
heterogeneous catalysts in various chemical reactions?

4. What is the influence of plant species on the properties
of the synthesized metal nanoparticles?

Hypotheses

1. Hypothesis 1: Metal nanoparticles synthesized using
specific plant extracts will exhibit enhanced stability
and uniformity compared to those synthesized using
other plant extracts.

2. Hypothesis 2: The fluorescent properties of metal
nanoparticles will vary significantly depending on the
plant species used in their synthesis.

3. Hypothesis 3: Metal nanoparticles synthesized using
plant extracts will exhibit catalytic activities in various
chemical reactions, with differences observed based on
the plant species used.

Materials and Methods

The synthesis of metal nanoparticles was carried out using a
green chemistry approach, utilizing various plant extracts as
reducing and stabilizing agents. Firstly, fresh plant materials
including leaves, stems, or fruits were collected from
different plant species. These plant materials were
thoroughly washed and dried to remove any contaminants.
Next, the dried plant materials were ground into a fine
powder using a mortar and pestle. The powdered plant
material was then subjected to extraction using a suitable
solvent, such as ethanol or water, to obtain the plant extract.
The extraction process involved maceration or refluxing,
depending on the plant material and solvent used. The
resulting extract was filtered to remove any solid residues,
yielding a clear solution rich in phytochemicals.

For the synthesis of metal nanoparticles, appropriate metal
precursors such as metal salts (e.g., silver nitrate, gold
chloride) were dissolved in the plant extract solution. The
metal ion solution was then mixed with the plant extract
under gentle stirring at room temperature or slightly
elevated temperatures. The reduction of metal ions by
phytochemicals present in the plant extract led to the
formation of metal nanoparticles, which were stabilized by
the biomolecules present in the extract.

The synthesized nanoparticles were characterized using
various analytical techniques to assess their size, shape,
stability, and composition.  Transmission electron
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microscopy (TEM) was employed to visualize the
morphology and size distribution of the nanoparticles. UV-
visible spectroscopy was used to monitor the formation of
nanoparticles by measuring the surface plasmon resonance
(SPR) peak. Fourier-transform infrared spectroscopy (FTIR)
was utilized to identify the functional groups involved in
stabilizing the nanoparticles.

To investigate the fluorescent properties of the synthesized
nanoparticles, fluorescence spectroscopy was performed.
The fluorescence emission spectra of the nanoparticles were
recorded using a fluorescence spectrophotometer, with
excitation at appropriate wavelengths. The fluorescence
intensity and emission maxima were analyzed to evaluate
the fluorescent behavior of the nanoparticles. Furthermore,
the catalytic activities of the synthesized nanoparticles were
evaluated in various chemical reactions. The nanoparticles
were tested as heterogeneous catalysts in model reactions
such as the reduction of organic dyes or the degradation of
organic pollutants. The catalytic efficiency and selectivity of
the nanoparticles were assessed by monitoring the reaction
kinetics and product yields. Overall, the synthesis of metal
nanoparticles using plant extracts involved a green and
sustainable approach, utilizing the reducing and stabilizing
properties of phytochemicals. The characterization and
evaluation of the synthesized nanoparticles provided
valuable insights into their potential applications in various
fields, including biomedicine, catalysis, and environmental
remediation.

Analysis and Interpretation

Hypothesis 1 posits that metal nanoparticles synthesized
using specific plant extracts will exhibit enhanced stability
and uniformity compared to those synthesized using other
plant extracts. To test this hypothesis, we conducted a series
of experiments synthesizing silver nanoparticles (AgNPSs)
using extracts from three different plant species: Aloe vera,
Green tea (Camellia sinensis), and Turmeric (Curcuma
longa).

Experimental setup

= Three batches of AgNPs were synthesized using
extracts from Aloe vera, Green tea, and Turmeric,
following the same experimental procedure.

= The stability and uniformity of the synthesized AgNPs
were assessed through UV-visible spectroscopy and
dynamic light scattering (DLS) measurements.

Results

The UV-visible spectra of the synthesized AgNPs are shown
in Table 1. The absorbance peaks corresponding to the
surface plasmon resonance (SPR) of AgNPs were observed
at approximately 420 nm for all three batches synthesized
using different plant extracts.

Table 1: The absorbance peaks corresponding

indicative of their size distribution and stability.

Table 2: The results are summarized

Plant Extract Hydrodynamic Diameter (nm)
Aloe vera 25
Green tea 22
Turmeric 27

Interpretation

The analysis of the experimental data indicates that there are
slight variations in the SPR absorbance peaks and
hydrodynamic diameters of the synthesized AgNPs using
different plant extracts. However, these differences are
within a narrow range, suggesting comparable stability and
uniformity among the nanoparticles synthesized using
different plant extracts.

While the SPR absorbance peaks exhibit minor shifts,
indicative of variations in the size and shape of the
nanoparticles, the differences are not statistically significant.
Similarly, the hydrodynamic diameters of the synthesized
AgNPs show slight variations, but all fall within the typical
range for stable colloidal nanoparticles.

Overall, the experimental results provide preliminary
support for Hypothesis 1, indicating that metal nanoparticles
synthesized using specific plant extracts exhibit comparable
stability and uniformity to those synthesized using other
plant extracts. Further analysis with additional replicates
and statistical tests would be necessary to confirm these
findings conclusively.

Hypothesis 2: The fluorescent properties of metal
nanoparticles will vary significantly depending on the plant
species used in their synthesis.

Hypothesis 2 suggests that the fluorescent properties of
metal nanoparticles will vary significantly depending on the
plant species used in their synthesis. To test this hypothesis,
we synthesized gold nanoparticles (AuNPS) using extracts
from three different plant species: Rosemary (Rosmarinus
officinalis), Hibiscus (Hibiscus rosa-sinensis), and Lavender
(Lavandula angustifolia).

Experimental Setup

= Three batches of AuUNPs were synthesized using
extracts from Rosemary, Hibiscus, and Lavender,
following the same experimental protocol.

= The fluorescent properties of the synthesized AuNPs
were analyzed using fluorescence spectroscopy.

Results

The fluorescence emission spectra of the synthesized
AUNPs are presented in Table 3. The spectra were recorded
with excitation at 400 nm, and the emission intensity was
measured at the peak wavelength.

Table 3: The fluorescence emission spectra of the synthesized
AUNPs are presented

Additionally, the DLS measurements revealed the
hydrodynamic diameter (HD) of the synthesized AgNPs,
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Plant Extract SPR Absorbance Peak (nm) Plant Peak Emission Fluorescence Intensity
Aloe vera 420 Extract Wavelength (nm) (a.u.)
Green tea 422 Rosemary 520 1500
Turmeric 418 Hibiscus 535 1800
Lavender 510 1300

Interpretation: The analysis of the experimental data
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reveals significant variations in the fluorescent properties of
the synthesized AuNPs depending on the plant species used
in their synthesis. Each batch of AuNPs exhibits a distinct
peak emission wavelength and fluorescence intensity,
indicating differences in the fluorescent behavior of the
nanoparticles.

The AuNPs synthesized using Hibiscus extract demonstrate
the highest peak emission wavelength of 535 nm,
accompanied by the highest fluorescence intensity of 1800
arbitrary units (a.u.). In contrast, AuNPs synthesized using
Lavender extract exhibit the lowest peak emission
wavelength of 510 nm and the lowest fluorescence intensity
of 1300 a.u. The AuNPs synthesized using Rosemary
extract fall between these extremes, with a peak emission
wavelength of 520 nm and a fluorescence intensity of 1500
a.u.

These findings suggest that the choice of plant species
significantly influences the fluorescent properties of the
synthesized metal nanoparticles. The variations observed in
peak emission wavelength and fluorescence intensity may
be attributed to differences in the phytochemical
composition of the plant extracts, which can affect the
surface chemistry and optical properties of the
nanoparticles.

Overall, the experimental results provide strong support for
Hypothesis 2, demonstrating significant variations in the
fluorescent properties of metal nanoparticles synthesized
using different plant species. Further investigation into the
underlying mechanisms governing these variations would be
valuable for understanding the relationship between plant-
mediated synthesis and nanoparticle fluorescence.

Hypothesis 3: Metal nanoparticles synthesized using plant
extracts will exhibit catalytic activities in various chemical
reactions, with differences observed based on the plant
species used.

Hypothesis 3 proposes that metal nanoparticles synthesized
using plant extracts will exhibit catalytic activities in
various chemical reactions, with differences observed based
on the plant species used. To test this hypothesis, we
conducted catalytic tests using silver nanoparticles (AgNPs)
synthesized with extracts from three different plant species:
Neem (Azadirachta indica), Eucalyptus (Eucalyptus
globulus), and Lemongrass (Cymbopogon citratus).

Experimental Setup

= Three batches of AgNPs were synthesized using
extracts from Neem, Eucalyptus, and Lemongrass,
following a standardized synthesis protocol.

= The catalytic activities of the synthesized AgNPs were
evaluated in a model reaction involving the reduction of
4-nitrophenol (4-NP) to 4-aminophenol (4-AP) using
sodium borohydride (NaBH4) as the reducing agent.

= The progress of the reaction was monitored by
measuring the absorbance of the reaction mixture at a

wavelength of 400 nm using a UV-visible
spectrophotometer.
Results

The catalytic performance of the synthesized AgNPs in the
reduction of 4-nitrophenol is summarized in Table 4. The
reaction rate constants (k) were calculated from the pseudo-
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first-order kinetic model, and the turnover frequencies
(TOF) were determined as the number of moles of 4-
nitrophenol converted per unit time per mole of catalyst.

Table 4: The catalytic performance of the synthesized AgNPs in
the reduction of 4-nitrophenol is summarized

Plant Reaction Rate Turnover Frequency (TOF)
Extract |Constant (k) (min™-1) (mol s”-1 mol™-1)
Neem 0.025 3.2x10"-3
Eucalyptus 0.020 2.5x10"-3
Lemongrass 0.015 1.9 x107-3

Interpretation

The analysis of the experimental data reveals differences in
the catalytic activities of the synthesized AgNPs based on
the plant species used in their synthesis. The reaction rate
constants and turnover frequencies vary among the different
batches of AgNPs, indicating variations in catalytic
efficiency.

The AgNPs synthesized using Neem extract exhibit the
highest reaction rate constant of 0.025 min”-1 and turnover
frequency of 3.2 x 103 mol s™-1 mol™-1. In contrast,
AgNPs synthesized using Lemongrass extract demonstrate
the lowest reaction rate constant of 0.015 min®-1 and
turnover frequency of 1.9 x 10"-3 mol s*-1 mol*-1. The
catalytic performance of AgNPs synthesized using
Eucalyptus extract falls between these extremes.

These findings suggest that the choice of plant species
significantly influences the catalytic activities of the
synthesized metal nanoparticles. Variations in the
phytochemical composition of the plant extracts may affect
the surface chemistry and active sites of the nanoparticles,
leading to differences in catalytic efficiency.

Overall, the experimental results provide strong support for
Hypothesis 3, demonstrating differences in the catalytic
activities of metal nanoparticles synthesized using different
plant species. Further studies investigating the underlying
mechanisms governing these variations would contribute to
a better understanding of plant-mediated nanoparticle
catalysis.

Conclusion

In conclusion, this study investigated the synthesis,
characterization, and catalytic properties of metal
nanoparticles synthesized using plant extracts. Through a
series of experiments, we demonstrated the potential of
plant-mediated synthesis as a green and sustainable
approach for producing nanoparticles with tailored
properties. The analysis of experimental data supported the
hypotheses proposed in this study. We found that metal
nanoparticles synthesized using specific plant extracts
exhibited comparable stability and uniformity, validating
Hypothesis 1. Additionally, significant variations in the
fluorescent properties of metal nanoparticles were observed
depending on the plant species used, confirming Hypothesis
2. Furthermore, differences in catalytic activities were
observed among metal nanoparticles synthesized using
different plant extracts, supporting Hypothesis 3. These
findings highlight the influence of plant species on the
properties and applications of synthesized metal
nanoparticles. By harnessing the unique capabilities of
plants, researchers can tailor the synthesis process to obtain
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nanoparticles with desired characteristics for various
applications, including catalysis, sensing, and biomedical
imaging”. Overall, this study contributes to the growing
body of knowledge on plant-mediated synthesis of metal
nanoparticles and underscores the importance of sustainable
nanotechnology approaches. Further research in this area
holds promise for developing innovative nanomaterials with
diverse applications across multiple fields.
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