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Abstract
Plant-mediated nanoparticle synthesis is a revolutionary technique with numerous applications in
agriculture, food processing, and medicine. This present study reports Punica granatum leaf extract is
capable of the green and eco-friendly synthesis of silica nanoparticles which provides simple, cost
effective, and e�cient methodology. Silica nanoparticles were synthesized by a biological method using
Tetra Ethyl Ortho Silicate. Biosynthesized silica nanoparticles characterized by X-Ray Diffraction Analysis,
Scanning Electron Microscopy, Energy Dispersive X-Ray Spectroscopy, and Fourier Transform Infrared
Spectroscopy. All the analysis and characterization were determined that particles were spherical,
amorphous nature with an average size of 12 nm. P. granatum assisted silica nanoparticles were tested
for antibacterial activity by well diffusion method against two-gram negative bacterial pathogens (E. coli
and Salmonella Sp.). The antibacterial studies prove that P. granatum assisted silica nanoparticles to
have good antibacterial properties. These studies will help to �nd a new nano drug or medicine for
multidrug-resistant bacteria.

Introduction
Nanotechnology refers to an emerging �eld of science that includes, the synthesis and development of
various nanomaterials. Nanoparticles can de�ne as objects ranging in size from 1-100 nm that, due to
their size, may differ from the bulk material (Chen et al., 2006). Nanoparticles are very essential in
developing sustainable technologies for the future, for humanity, and the environment. Synthesis of
Nanoparticles by plants is a green chemistry approach that interconnects nanotechnology and plant
biotechnology (Chung et al., 2016). Nanotechnology has emerged as one of the leading �elds of the
science had tremendous application in diverse disciplines including biotechnology and agriculture, and
this is mainly due to the physicochemical properties of nanoparticles, such as the large surface area to
volume ratio of nanoparticles (NPs) which provides an enormous reactive interface between the particle
and its local environment. Although, in general, nanoparticles are considered a discovery of modern
science, they have a very long history (Alzya et al.,2017). Predominantly the nanoparticles’ extremely
small size and large surface area to volume ratio leads to the signi�cant differences in properties (e.g.,
biological, catalytic activity, mechanical properties, melting point optical absorption, thermal and
electrical conductivity) not seen in the same material at larger scales in their bulk form. Because of these
unique physicochemical and optoelectronic properties, nanoparticles are of particular interest for several
applications ranging from catalysts, chemical sensors, electronic components, medical diagnostic
imaging, pharmaceutical products, and medical treatment protocols (Sperling et al., 2008).
Nanotechnology has become one of the most promising technologies applied in all areas of science.
Metal nanoparticles produced by nanotechnology have received global attention due to their extensive
applications in the biomedical and physiochemical �elds (Abobatta, 2018). Nowadays, synthesizing
metal nanoparticles using microorganisms and plants has been extensively studied and has been
recognized as a green and e�cient way for further exploiting micro-organisms as convenient nano
factories (Yang et al., 2016). In recent years, biological synthesis has emerged as an attractive alternative
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to traditional synthesis methods for producing nanoparticles (Jagpreet Singh et al., 2018). Biosynthesis
involves using an environment-friendly. Biosynthesis of nanoparticles by micro-organisms is a green and
eco-friendly technology (Mohanpuria et al.,2008). Both prokaryotes, and eukaryotes are used for
synthesis of metallic nanoparticles viz. silver, gold, platinum, zirconium, palladium, iron, cadmium and
metal oxides such as titanium oxide, zinc oxide, etc. These microorganisms include bacteria,
actinomycetes, fungi and algae (Jagpreet Singh et al., 2018). The synthesis of nanoparticles may be
intracellular or extracellular according to the location of nanoparticles (Saba Hasan et al., 2015).
Nowadays, there is a growing need to develop eco-friendly processes, which do not use toxic chemicals in
the synthesis protocols. Recent studies have shown that green biologically based methods using
microorganisms and plants to synthesize nanoparticles are safe, inexpensive, and an environment-
friendly alternative (Guidelli et al.,2011). Green synthesis approaches include mixed-valence
polyoxometalates, polysaccharides, Tollens, biological, and irradiation methods which have advantages
over conventional methods involving chemical agents associated with environmental toxicity. Selection
of solvent medium and selection of eco-friendly non-toxic reducing and stabilizing agents are the most
critical issues which must be considered in green synthesis of NPs (Zolfaghari et al., 2013).

In the past few years, several studies have been made to prepare the silica from natural resources and its
effects on puri�cation and characterization studies. Silica nanoparticles have been the subjects of
researchers because of their unique properties (e.g., size and shape depending on optical, antimicrobial,
and electrical properties) (Pollini et al.,2011).

Punica granatum are belonged to the family Punicaceae (commonly known as pomegranate) and is one
of the oldest known edible fruit. It is widely cultivated throughout India (Morgan et al., 2010). Punica
granatum is an ethnomedicinal important plant and depicted ameliorating therapeutic value which was
used in the treatment of various diseases such as cardiovascular diseases, diabetes, dental conditions,
allergic dermatitis, diarrhea and, in the treatment and prevention of cancer (Miguel et al., 2010).
Pomegranate juice, peel, and oil have anticancer properties, including interference with tumor cell
proliferation, cell cycle, invasion, and angiogenesis, according to studies (Bassiri-Jahromi et al., 2018).
These could be linked to pomegranate's anti-in�ammatory properties. The extract of P. grantum has more
medicinal values such as antioxidant, antibacterial, antidiabetic, cardio protective, and anticarcinogenic
activity (Rahemi et al., 2012).

The present investigation aimed to study the green synthesis of silica nanoparticles using P. granatum
leaf extract. The biosynthesized silica nanoparticles were characterized by different analytical
techniques. In addition, the antibacterial activity for P. granatum leaf mediated nanoparticles was
investigated against the selected Gram negative and pathogenic bacteria.

Materials And Methods
PREPARATION OF PLANT EXTRACT
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P. granatum leaves were collected from the campus of Karpagam Academy of Higher Education,
Coimbatore, Tamilnadu, India. 10g of P. granatum fresh leaves were taken and thoroughly washed.
Extract was prepared by adding 200 ml of distilled water and t boiling the mixture for 30 minutes at 50-
65°C. Further, the extract was �ltered with Whatman No. 1 �lter paper and stored at 4°C and used for
further experiments.

SYNTHESIS OF SILICA NANOPARTICLE

Silica Nanoparticles were synthesized by adding 12.5ml of Tetra Ethyl Ortho Silicate as a precursor. With
that mixture add 17.5ml of plant extract was added. The reaction was allowed for 10 min of continuous
stirring. Then add 12.5 ml of 1 M HCl solution with that mixture and mix the solution by stirring
continuously for 15 min. After that, jelly-like formation was obtained, then it was placed in hot air oven for
overnight at 100°C. Finally, the white powder was obtained and stored in air tight container.

CHARACTERIZATION OF SYNTHESIZED SILICA NANOPARTICLE

The characterization was done for �nding the physicochemical properties using UV Visible
spectrophotometer, X-ray diffraction analysis, SEM analysis, EDAX analysis and FTIR analysis.

UV VISIBLE SPECTRA ANALYSIS

The green synthesized silica nanoparticle was dissolved in distilled water and sonicated for 5 minutes at
room temperature. The nanoparticles solution and plant extract were then transferred into a quartz
cuvette and after being placed in the cell, the absorption maxima were determined from 200 to 800 nm
using a UV Visible spectrophotometer. The bio reduction was monitored by UV- Visible spectra of the
supernatant solution as a function of time at room temperature using Double beam spectrophotometer.

X-RAY DIFFRACTION ANALYSIS

Silica nanoparticles were characterized by Shimadzu XRD6 X-ray Diffractometer using Cuk(alpha)
radiation. The lattice parameter was calculated by least square �tting method using DOS computer
programming. The theoretical density of the powder method was calculated with XRD data. The
crystallite size of that powder was calculated by Scherrer's formula Shimadzu IR prestige-21 model.

SCANNING ELECTRON MICROSCOPY (SEM ANALYSIS)

SEM was mainly used to obtain two types of information: the size (diameter distribution average) and
morphology of nanomaterials. Silica nanoparticles were observed for their morphology and size using
Scanning Electron Microscopy (JEOL Model JSM 6360).

EDAX ANALYSIS

The JEOL Model JSM 6360 was used to conduct EDAX analysis on synthesis of nanoparticles to
determine the atomic weight percentage of elements in the samples.
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FOURIER -TRANSFORM INFRARED SPECTROSCOPY (FTIR ANALYSIS)

FTIR is a valuable device for the identi�cation and characterization of functional groups (chemical
bonds) and molecules present in the compound. The dried powder of green synthesized silica and plant
extract was placed on the quartz slide and then FTIR Spectrometer (Shimadzu IR Prestige-21 model) was
employed to record the FTIR spectra of materials in the range of 4000-400 cm‐¹.

ANTIBACTERIAL ACTIVITY

The synthesized silica nanoparticles using P. granatum assisted silica nanoparticles were tested for
antibacterial activity by agar well diffusion method against the gram-negative strains (E. coli and
Salmonella). Then the bacteria were swabbed uniformly on the individual plates using sterile cotton
swabs on the nutrient agar. Five wells were made on 9 (in cm) on nutrient agar with the help of well
puncture. Add Kanamycin antibiotic as control and four different concentrations (5 μg/ml, 10 μg/ml, 15
μg/ml and 20 μg/ml) of synthesized silica nanoparticles. Plates were incubated for 24 hours at 37°C to
observe the formation of a zone of inhibition.

Results And Discussion
CHARACTERIZATION OF NANOPARTICLES

UV VISIBLE SPECTROSCOPY ANALYSIS

UV-visible absorption spectra of the green synthesized silica nanoparticles were recorded at a different
wavelength from 200-800 nm, as shown in Figure 1. The absorption spectra of silica nanoparticles were
found to be 300-370 nm. In this line, Patil et al., (2018) reported that UV-Visible spectrum of silica
nanoparticles displayed the maximum absorption band edge of 310 nm.

XRD ANALYSIS

XRD (Figure 2) used to determine the nature of nanoparticles. XRD is an effective characterization to
con�rm the amorphous nature of the synthesized silica nanoparticles. The XRD of the silica
nanoparticles revealed the characteristic peaks at 101 planes was observed, and plane at a diffraction
angle of 2ϴ=20°. Calculate the average size by using the Scherrer equation,

D=Kλ/βCosθ

D - Size of Nanoparticles.

K-Scherrer constant with a value from 0.9 to 1λ is the wavelength of the X-Ray source used in XRD.

Β - Full width at half maximum of the diffraction peak

Θ - Bragg’s Angle
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Similarly, Sankareswaran et al., (2022) reported that 2ϴ values of the (101) plane at 20° for silica
nanoparticles. The XRD patterns also revealed that the obtained silica nanoparticles had amorphous
nature.

SEM ANALYSIS

Scanning Electron Microscopy was used to recognize morphology and size of silica nanoparticles of P.
granatum were shown in Figure 3. The silica nanoparticles are found as aggregates with spherical
morphology. Similarly, Maroušek et al., (2022) reported that spherical shape of silica nanoparticles and
con�rmed by scanning electron microscopy.

EDAX ANALYSIS

EDAX measurement result of the green synthesized silica nanoparticles is shown in (Figure 5). The
spectra of all the samples have shown the signal peaks corresponding to Si (28.98%) and O (71.02%)
elements only. From the results, it was con�rmed that no other impurity elements present in the samples.
Similarly, Yadav and Fulekar, (2019) reported that puri�ed �nal silica nanoparticles and which have peaks
for Si, O and C. This indicates the purity of silica nanoparticles of ~94-97%.

FTIR ANALYSIS

The FTIR characterization is used to �nd the molecules and their functional group present in the
synthesized nanoparticles. Figure 6a represents the FTIR spectral results of plant extract displayed
different peaks that were observed at 2978 cm-1,2885 cm-1,1689 cm-1,1519 cm-1 ,1388 cm1,1149 cm-

1,1072 cm-1,956 cm-1. Whereas the FTIR spectrum of the silica nanoparticle (Figure 6a) produce
successive absorption peaks at 3302 cm-1,2978 cm-1,2137 cm-1,1635 cm-1, 1388 cm-1, 1249 cm-1, 1157
cm-1, 1072 cm-1, 671 cm-1. Similarly, Alves et al., (2017) were also reported similar FTIR signals of silica
nanoparticles.

ANTIBACTERIAL ANALYSIS

The antibacterial activity of P. granatum mediated silica nanoparticles was summarized in the table-1.
Antibacterial activity of silica nanoparticles was tested against two different gram-negative organisms (E.
coli and Salmonella) (Figure 6(a) and (b)) Kanamycin was used as a positive control. The maximum zone
of inhibition on E. coli (25mm), Salmonella (26 mm). were observed. Similarly, Gopinath et al., (2014)
reported that antibacterial activity of copper nanoparticles was studied against disease causing �ve
bacterial pathogens like Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Salmonella
typhi and Bacillus subtilis and the resultants the maximum zone of inhibition on Staphylococcus aureus
(21mm) and followed by Salmonella typhi (20mm), Klebsiella pneumonia (18mm) Bacillus subtilus
(15mm) and Escherichia coli (10mm).

Conclusion



Page 7/16

The present investigation aimed to study the green synthesis of silica nanoparticles using P. granatum
leaf extract. The biosynthesized silica nanoparticles were characterized; they are spherical shaped and
amorphous in nature and the XRD results shows that most predominant peak occurs at 2ϴ=20°
corresponding to 101 planes. Purity of the samples was clearly composed of Si and O elements, and no
other impurities were present in the synthesized silica nanoparticles. P. granatum leaf mediated
nanoparticles revealed good antibacterial activity against the selected pathogenic bacteria (E. coli, and
Salmonella). The antibacterial studies prove that P. granatum assisted silica nanoparticles to have good
antibacterial properties. These studies will help to �nd a new nano-drug or medicine for multidrug-
resistant bacteria.
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Tables
TABLE 1: ANTIBACTERIAL ACTIVITY OF PUNICA GRANATUM MEDIATED SILICA NANOPARTICLES 

ANTIBACTERIAL ACTIVITY – ZONE OF INHIBITION (mm)

MICROORGANISMS CONTROL (KANAMYCIN) 5 μg/ml 10 μg/ml 15 μg/ml 20 μg/ml

E. coli 33 20 21 22 25

Salmonella Sp. 30 19 20 22 26

Figures
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Figure 1

UV spectra analysis of a. Plant extract and b. Silica nanoparticles
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Figure 2

XRD analysis of Silica nanoparticles
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Figure 3

SEM analysis of Silica nanoparticles
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Figure 4

EDX analysis of Silica nanoparticles
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Figure 5

a. FT-IR analysis of Silica nanoparticles

 b. FT-IR analysis of Silica nanoparticles



Page 16/16

Figure 6

Antibacterial analysis (a) Salmonella (b) E. coli ; 1-5 μg/ml, 2- 10 μg/ml, 3- 15 μg/ml and 4- 20 μg/ml


