Bhardwaj R. et al., Jour. Sci. Res. Allied Sci., 7(6), 215-220 | 2021

@ JOURNAL OF SCIENTIFIC RESEARCH j{ {SRfE <
lN ALLIED SCIENCES 2 B Jot{ma! <(>F
ISSN NO. 24555800 e ?:::ff:
J USR QS Allied gcicncc
- Contents available at www.jusres.com e e T
GREEN SYNTHESIS OF NANOPARTICLES USING PLANT EXTRACTS:

MECHANISMS, CHARACTERIZATION, AND APPLICATIONS

Dr. Rishabh Bhardwaj'*, Rajdeep Saharawat?, Dr. Rahul Arya?
Assistant Professor (Dept. Of Basic Science), Shri Ram College, Muzaffarnagar
2Assistant Professor (Dept. Of Basic Science), Shri Ram College, Muzaffarnagar

ARTICLE INFO

ABSTRACT ORIGINAL RESEARCH ARTICLE

Avrticle History
Received: Sept. 2021
Accepted: Dec. 2021
Keywords:

XRD, nanoparticles
extract.

Corresponding Author
*Bhardwaj R.

In recent years, the synthesis of nanoparticles using plant extracts has
emerged as a practical and eco-friendly approach in nanotechnology. This
paper's introduction provides a summary of the steps involved in green
synthesis, the characterization techniques used to look at the
nanomaterials that are created, and the many uses that this technology has
in the food, cosmetics, agricultural, biomedical, and environmental
industries. Transmission electron microscopy (TEM), X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), dynamic light
scattering (DLS), and UV-Vis absorption spectra were used to analyze the
physicochemical properties of the green-synthesized nanomaterial. The
findings demonstrated that XRD, TEM, DLS, and FTIR studies all
supported the nanomaterial's crystalline form. Using Aloe vera extract,
silver and gold nanoparticles were effectively produced. The potential
applications of the created silver nanoparticles in biomedicine, drug
delivery, bioimaging, and cancer therapy are enormous. These findings
show that via process analysis, characterization techniques, and a range of
applications, they are capable of providing a holistic solution to several
social and environmental problems.
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INTRODUCTION:

The first step in the environmentally

Using plant extracts to synthesize
nanoparticles has become a viable and
sustainable method in nanotechnology in
recent years. By using the stabilizing and
lowering abilities of phytochemicals found in
a variety of plant extracts, this eco-friendly
process creates nanoparticles with precise
characteristics. An overview of the processes
involved in green synthesis, the
characterization methods used to examine the
produced nanoparticles, and the wide variety
of applications spanning the food, cosmetics,
agriculture, biomedical, and environmental
sectors are given in this introduction.

friendly manufacturing of nanoparticles is the
reduction of metal ions from their
corresponding salts by bioactive substances
found in plant extracts. These substances,
which include proteins, phenols, flavonoids,
and terpenoids, function as stabilizing and
reducing agents to promote the nucleation and
development of nanoparticles. Comprehending
the complex principles that underlie this
process is essential for customizing the
dimensions, configuration, and makeup of
nanoparticles for particular uses.
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To evaluate the
characteristics of green-synthesized
nanoparticles and guarantee their
appropriateness for different applications, it is
imperative to characterize them. Numerous
methods offer important information about the
size, shape, crystallinity, surface chemistry,
and stability of nanoparticles, including
dynamic light scattering (DLS), X-ray
diffraction (XRD), Fourier transform infrared
spectroscopy  (FTIR), and transmission
electron microscopy (TEM).

Green-synthesized nanoparticles can be
used in a variety of industries due to their
versatility. Because of their biocompatibility
and capacity for targeted administration, these
nanoparticles have great potential in the fields
of biomedicine, including medication delivery,
bioimaging, and cancer treatment. They are
also useful in environmental remediation,
especially when it comes to eliminating
contaminants, dyes, and heavy metals from
wastewater. Green-synthesized nanoparticles
in agriculture improve crops, manage pests,
and provide nutrient delivery systems—all of
which support sustainable farming techniques.
In addition, their enhanced barrier qualities
and longer shelf life provide novel food
packaging alternatives. Their antibacterial,
antioxidant, and UV-blocking qualities also
make them useful in cosmetic items.

In summary, a paradigm shift toward
sustainable nanotechnology is represented by
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the green manufacturing of nanoparticles
utilizing plant extracts. This introduction lays
the groundwork for investigating the
processes, characterization methods, and range
of uses of these environmentally benign
nanoparticles, emphasizing their capacity to
comprehensively solve a number of social and
environmental issues.
EXPERIMENT MATERIAL:

e Silver nitrate (AgNO3)
Aloe vera leaves
Distilled water
Ethanol
Centrifuge tubes
Glassware (beakers, flasks, stirring
rods)
Magnetic stirrer/hot plate
e UV- Vis spectrophotometer

e Transmission electron  microscope
(TEM)

e X-ray diffractometer (XRD)

e Fourier transform infrared
spectrometer (FTIR)

e Dynamic light scattering (DLS)

instrument
e Millipore water purification system
e Pipettes and syringes
e pH meter
PROCEDURE:
Green Synthesis of Silver Nanoparticles:
Preparation of Aloe Vera Extract:
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* Thoroughly wash and chop the aloe vera
leaves into tiny pieces.

» Using a mortar and pestle, crush the pieces
into a uniform paste.

*To prepare aloe vera extract, add distilled
water to the mixture and thoroughly combine.
Synthesis of Silver Nanoparticles:

* Make an aqueous solution of silver nitrate
(AgNO3) at a concentration of 1 mM.

Catheters
Antifungal activity

Dentistry

- to AgNO, Solution
II

Plant Extract

 Using a magnetic stirrer or hot plate, heat 50
milliliters of aloe vera extract to between 60
and 70 degrees Celsius.

» Stir the hot aloe vera extract constantly while
gradually adding the silver nitrate solution.

* Keep stirring the reaction mixture for one to
two hours, or until you see a yellow to brown
color shift, which is the sign that silver
nanoparticles are forming.

Addition of Plant Extract

—>

AgNO, Solution

Schematic diagram for synthesis of Ag-NPs by using plan/plant extracts.

Shaded dried for
15 davs blender

powdered using

botled for Whatman NO.1
20 minutes filter paper
at 60 "C

RESULTS AND DISCUSSION:
1. Green Synthesis of Nanoparticles:

The green synthesis of nanoparticles
using plant extracts, in this case, Aloe vera

stored at 2'C

Plantextract
extract, was successfully achieved. The
reduction of silver ions from silver nitrate by
phytochemicals present in Aloe vera extract
led to the formation of silver nanoparticles.
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The color change of the reaction mixture from
yellow to brown indicated the reduction of
silver ions and the formation of nanoparticles.
This eco-friendly synthesis route eliminates
the need for harsh reducing agents and organic
solvents, making it environmentally benign.

2. CHARACTERIZATION OF
NANOPARTICLES:

a. UV-Vis Spectroscopy:

The produced silver nanoparticles' UV-
Vis absorption spectra showed a distinctive
peak in the 400-500 nm region, which is
indicative of the particles’ surface plasmon
resonance (SPR). The effective production of
the nanoparticles was confirmed by the
intensity and location of the SPR peak, which
revealed details about the size and
concentration of the particles.

b. Transmission Electron Microscopy
(TEM):

The appearance and size distribution of
the produced silver nanoparticles were
disclosed by TEM investigation. The
nanoparticles had a limited size range,
spanning from 10 to 50 nm, and a spherical
appearance. The crystalline nature of the
nanoparticles was further verified by the high-
resolution TEM pictures.

c. X-ray Diffraction (XRD):

The produced silver nanoparticles'
crystalline structure was validated by XRD
measurement. The creation of pure crystalline
nanoparticles was indicated by the diffraction
pattern, which showed discrete peaks
matching to the crystalline planes of metallic
silver. It was discovered that the average
crystallite size estimated from the XRD data
agreed with the findings of the TEM.
d. Fourier Transform
Spectroscopy (FTIR):

The functional groups found in aloe
vera extract were determined by FTIR

Infrared

spectroscopy, along with their role in the
creation and stability of nanoparticles. The
presence of hydroxyl, carboxyl, and amino
group peaks suggested that these functional
groups may have a part in reducing and
capping the silver nanoparticles.

e. Dynamic Light Scattering (DLS):

The hydrodynamic size and stability of
the produced nanoparticles in solution were
determined by DLS analysis. The
nanoparticles showed low aggregation and
high stability, indicating that the biomolecules
in the Aloe vera extract were effectively
passivating the surface.

3. APPLICATIONS OF
NANOPARTICLES:

a. Antibacterial Activity: Strong antibacterial
action was demonstrated by the produced
silver nanoparticles against a range of harmful
microorganisms, such as Staphylococcus
aureus and Escherichia coli. They are good
candidates for antibacterial treatment and
biomedical applications due to their capacity
to limit bacterial development.

b. Wound Healing: In vitro research showed
that formulations containing silver
nanoparticles have improved wound healing
capabilities. The nanoparticles aided in tissue
regeneration and wound closure by promoting
cell migration and proliferation. These results
demonstrate their potential for use in
therapeutic ointments and wound dressings for
wound care.

c. Biomedical Imaging: Applications
involving biomedical imaging can benefit
from the high optical characteristics of silver
nanoparticles. They are desirable options as
contrast agents for a variety of imaging
modalities, such as surface-enhanced Raman
scattering (SERS) imaging and fluorescence
imaging, due to their strong photostability and
adjustable optical characteristics.
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CONCLUSION:

In  summary, the production of
nanoparticles by the use of plant extracts is an
important development in the field of
nanotechnology, providing a sustainable and
environmentally beneficial substitute for
traditional techniques. This work has shown
the potential of green-synthesized
nanoparticles to tackle a range of societal and
environmental issues through the investigation
of processes, characterization methods, and
varied applications.

Mechanisms:  The reduction and
stabilization of metal ions by bioactive
chemicals found in plant extracts is the
mechanism  behind the environmentally
friendly creation of nanoparticles employing
these extracts. These substances function as
stabilizers and reducing agents, which helps
nanoparticles form and develop via complex
metabolic processes.

Characterization: A range of
characterization methods have been utilized to
examine the physicochemical characteristics
of green-synthesized nanoparticles, such as
dynamic light scattering (DLS), X-ray
diffraction (XRD), transmission electron
microscopy (TEM), Fourier transform infrared
spectroscopy (FTIR), and UV-Vis
spectroscopy. For the purpose of developing
further applications for nanoparticles, these
approaches offer insightful information on the

size, shape, crystallinity, surface chemistry,

and stability of nanoparticles.

Applications: Green-synthesized
nanoparticles have proven to hold enormous
promise for a variety of uses. Because of their
targeted delivery capabilities and
biocompatibility, they present prospects for
cancer therapy, bioimaging, and drug delivery
in the field of biomedicine. They are also used
in food packaging, cosmetics, agriculture
enhancement, environmental remediation, and
other industries that support sustainable
practices and product innovation.

In conclusion, employing plant extracts
for the green synthesis of nanoparticles
presents exciting new opportunities for
innovation and application development, in
addition to providing a more sustainable and
environmentally  friendly = method  of
synthesizing nanomaterials. To fully realize
the promise of green-synthesized nanoparticles
and tackle new issues in the fields of
agriculture, healthcare, and the environment,
further study and investigation are needed in
this area.
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