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Plant mediated synthesis of silver nanoparticles
using Punica granatum aqueous leaf extract

Abstract

Punica granatum has been used for thousands of years to cure a wide range of diseases
across different cultures and civilizations. The leaves of Punica granatum are used to
calm stomach disorders, combat diarrhea, dysentery and hemorrhages, conjunctivitis
etc. Recently the synthesis of nanoparticles mediated by plant leaf extracts for medicinal
purposes is gaining grounds. Many workers have reported that the silver nanopartlces
synthesized by aqueous leaf extracts are medicinally more efficient as compared to
the leaf extracts itself. Thus in this study we report the synthesis and characterization
of Punica granatum aqueous leaf extract mediated silver nanoparticles. For synthesis
of the silver nanoparticles, the leaves of Punica granatum were collected and dried
in shade and extracted in aqueous medium using Soxhlet extraction apparatus.
The extract was used for synthesis of silver nanoparticles. The characterization
of silver nanoparticles was done and the formation of silver nanoparticles was
confirmed by change in the colour of solution from yellow to dark brown. The silver
nanoparticles thus formed were subjected to UV-vis spectrophotometer, Scanning
Electron Microscope (SEM), and Fourier-Transform Infra-red (FTIR) analysis for
further characterization of the formed nanoparticles. Thus in this study we report the
formation of silver nanoparticles in the range of 88.00 to 120nm and average size of
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particles were confirmed to be 98.93nm.
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Introduction

Biology of plant mediated nanoparticles is an upcoming branch
of nanotechnology. Nanobiotechnology refers broadly to a field of
science whose theme is control of matter at atomic and molecular
scale.! Synthesis of silver nanoparticles is of much interest to the
scientific fraternity. Because of their wide range of applications.
Silver nanoparticles are widely being used in cancer diagnosis and
treatment as well.>3 Prior to the green synthesis, the nanoparticles were
prepared by a variety of chemical and physical methods which were
quite expensive and potentially hazardous to the environment which
involved use of toxic and perilous chemicals that are responsible for
various biological risks. The development of biologically-inspired
experimental processes for the syntheses of nanoparticles is evolving
into an important branch of nanotechnology.* A green method of
synthesis of nanoparticles has several important applications in
the field of biolabeling sensors, drug delivery systems, and filters.
Nanoparticles possess antimicrobial activity and exhibit new physico-
chemical properties which are not observed in polar or non-polar
extracts of plants.’

Biological routes of synthesis of metal nanoparticles have been
proposed by exploiting bacteria,® yeast,” fungi,® actinomycetes,’ and
viruses,'? involved synthesis. The processes are not yet feasible for
industry, and their pathogenicity and lab maintenance which require
skilled technicians. Therefore the use of plant extracts for this purpose
is potentiality advantageous over microorganisms due to the ease of
improvement, the less biohazard and elaborate process of maintaining
cell cultures.'!

Punica granatum L., commonly known as pomegranate, is a fruit
bearing deciduous shrub or small tree, native to Asia and belongs to
family Lathraceae.”” The leaves are shiny and about 7.6cm long."
Different parts of plants such as leaves, bark and fruit have medicinal
significance.'* Punica granatum has been used as traditional
medicine in many countries for the treatment of dysentery, diarrhea,
helminthiasis, acidosis, hemorrhage etc.'”> Numerous phytochemical
constituents have been reported to be present in different parts of
Punica grantum plant, which makes it medicinally important.'® In
this work we report the synthesis of silver nanoparticles, reducing
the silver ions present in the solution of silver nitrate by the aqueous
extract of Punica granatum. This method is faster and yields stable
silver nanoparticles compared to other methods. The qualitative
formations of nanoparticles were monitored by UV-vis spectroscopy.
Also the silver nanoparticles formations were confirmed by reddish
brown colour formation.'”'

Materials and methods
Preparation of plant extract

The fresh tender leaves of Punica granatum was collected from
Ranchi district of Jhakrhand state of India. The leaves were washed
with deionised water and disinfected with 0.1% HgCl, solution
for Sminutes and dried in shade away from direct sunlight for
20days. The dried leaves were grounded to fine powder with the
help of electrical grinder. 50g of the fine powder of leaf of Punica
grantum was subjected to Soxhlet extraction using distilled water for
aqueous extraction continuously for 72hrs. The obtained extract was
concentrated after filtration, using rotary flash evaporator at 45°C. The
extract was stored at room temperature in air tight bottles for further
studies as per previously published standards."
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Synthesis of silver nanoparticles

For synthesis of nanoparticles, 1ml of Punica granatum leaf extract
was added to 99ml of ImM AgNO, solution. The mixture was allowed
to stir for 2hrs at 90°C. The mixture was allowed to cool down and
after 2 hour, the mixture was centrifuged at 10000rpm for 15min at
room temperature. The supernatant was discarded and sediment was
washed three times with distilled water. The resultant black powder
was dried overnight in an oven at 80°C.20-?!

Characterization of nano-particles

Characterization of silver nanoparticles was done using UV-
vis spectrum analysis, SEM analysis, Fourier Transform Infrared
Spectroscopy (FTIR) analysis.

UV-visible spectrum analysis

The reduction of pure Ag" ions was monitored by measuring the
UV-visible spectrum of the reaction medium after Shr after diluting
a small aliquot of the sample into Milli-Q water. UV-visible spectral
analysis was performed using Perkin Elmer, Lambda 25 UV-visible
spectrophotometer (USA).

SEM analysis

SEM (Scanning Electron Microscopy) analysis was performed
using JEOL JSM-6390 LV machine (Jeol, Japan). Thin films of the
sample were prepared on a carbon coated copper grid by dropping a
small amount of the sample on the grid, extra solution was removed
using a blotting paper and then the film on the SEM grid was allowed
to dry by putting it under mercury lamp for Smin and was coated with
gold using ion sputter.

Fourier transform infrared

analysis

spectroscopy (FT-IR)

FT-IR analysis was carried out on a Shimadzu IR-prestige-21
(Shimadzu Corpn., Japan) in the diffuse reflectance mode operated
at a resolution of 4cm™ in the range of 400-4000cm! to evaluate the
functional groups that might be involved in nanoparticles formation.

Results and discussion

UV-vis spectrophotometer analysis

As soon as the Punica granatum leaf extract was mixed in the
aqueous solution of the silver ion complex, colour change from
yellow to dark brown was observed due to reduction of silver ion
(Figure 1). This colour change is reportedly confirmation of formation
of nanoparticles.”? The silver nanoparticles show yellowish brown
colour in aqueous solution due to excitation of surface plasmon
vibrations.”** It was observed that the after 60 minutes no further
colour change was observed, this indicates that silver salt present in
the reaction mixture was completely reduced. Then the formation of
silver nanoparticles was examined and confirmed by obtaining the
respective absorption spectra. The absorption spectrum originated
due to strong surface plasmon resonance (SPR), i.e. due to resonant
absorption of photons by silver nanoparticles. The observed absorption
band is size dependent, since SPR band depends on size and refractive
index of solution.”

A review of the literature revealed that the silver nanoparticles
show SPR peak from 400-490nm. In this study the Punica granatum
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silver nanoparticles showed SPR peak at (255nm and) 420nm (Figure
2). Dhanlakshmi & Rajendran,* reported SPR of 452nm peak for
silver nanoparticles synthesized using Tridax procumbens. Several
studies have reported absorbance peak from 450-500nm for silver
nanoparticle synthesis using Argemone Mexican,”’ Papaya fruit
extract,”® and Trianthema decandra.”® In our previous work with
aqueous leaf extract of Swertia chirayita, we found a SPR peak at
450nm."”

Figure | figure showing change in colour of aqueous solution from yellow to
deep brown gradually from A to F.
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Figure 2 Result of UV-vis spectrophotometric analysis, showing peak at
(255nm & 420nm).

SEM analysis

The size and structure of silver nanoparticles synthesized with
Punica granatum aqueous leaf extract was further subjected to SEM
analysis to examine the morphology of the nanoparticles. The Punica
granatum leaf extract mediated synthesized silver nanoparticles
were spherical, thomboid and cubical in shape and had diameter
of nanoparticles ranged from 88.0-120nm and average size of
particles were 98.93nm. Kumar et al.,” reported the size of alion
mediated synthesized nanoparticles to be in range of 287-293nm and
average size was 70nm. Firdhouse et al.,’* reported the size of silver
nanoparticles synthesized by ethanolic leaf extract, ranging from 20—
150nm in diameter (Figure 3).

Fourier transform infrared

analysis

spectroscopy (FT-IR)

FT-IR analysis was carried out to analyze the role of the plant
extract functional groups, and as a capping agent and bioreduction
agent.’? FT-IR absorption spectra of green Ag nanoparticles is
presented as Figure 4. The spectra observed by FT-IR analysis was
compared with reference value previously published by Coates.?
The spectra showed broad transmission peak at 3633.69cm™, which
corresponds to hydrogen bonded hydroxyl group (O-H and H stretch)
of alcohols and phenols. The 2102.44cm™ peak corresponds to —SCN.
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The 1500.62cm™ peak corresponds to C=C stretch, which represents
alkenes, 1361.74cm™ corresponds to sulphonates, and 937.40cm’!
corresponds to C=N stretch that represents aliphatic amines.**

Figure 3 SEM
nanoparticles.
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Figure 4 FT-IR spectrum of Punica granatum mediated synthesized silver
nano-particles.

Conclusion

This study describes the synthesis of silver nanoparticles from the
aqueous leaf extracts of Punica granatum and their characterization.
On the basis of observations of the present study it is concluded that
the aqueous silver ions exposed to the aqueous extract of Punica
granatum were reduced and nanoparticles were synthesized. The
change in the colour of the solution containing the AgNO, solution
and aqueous leaf extract of Punica granatum is consistent with
the formation of the silver nanoparticle. The formation of silver
nanoparticles were further confirmed by UV-Vis spectrophotometric
and SEM analysis. This eco-friendly method could be a competitive
alternative to the conventional physical/chemical methods used for
synthesis of silver nanoparticles and thus has potential to be used in
biomedical applications etc.
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