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ABSTRACT

Synthesis of silver nanoparticles by Bottom up process using natural plant extract is considered to be
the most appropriate method on the environmental issues. It is observed that sansevieria roxburghiana (marul) has
been used traditionally as herbal medicine for numerous pharmacological applications. Very simple single -step
synthesis at ambient temperature through the reduction of aqueous chloroaurate ions
(AuCl 4 −) with the aqueous
extract of the sansevieria roxburghiana leaves. The prepared AuNPs were characterized using field emission scanning
electron microscopy (FESEM), UV-vis spectroscopy, FTIR and XRD analysis. That synthesized nanoparticles are
introduced in sewage water treatment for its antibacterial action.

Introduction
Nanoparticles can be easily synthesized using different methods by various approaches available for the
synthesis of silver nanoparticles include chemical [1], electrochemical [2], radiation [3], photochemical
methods [4] and Langmuir-Blodgett [5] and biological techniques [6]. But most of the chemical methods
used for the synthesis of nanoparticles involve the use of toxic, hazardous chemicals that create biological
risks and sometime these chemical processes are not eco- friendly. This enhances the mounting need to
develop environmentally eco-friendly processes through green synthesis and other biological approaches.
Sometimes the synthesis of nanoparticles using various plants materials and their extracts can be beneficial
over other biological synthesis processes which involve the very complex procedures of maintaining
microbial cultures [7]. It is one of the best platforms for synthesis of nanoparticles as it is free from toxic
chemicals as well as providing natural capping agents for the stabilization of silver nanoparticles. Now, plant
mediated synthesis of metal nanoparticles is receiving lots of attention due to its simplicity, prompt
synthesis of nanoparticles of attractive and diverse morphologies and elimination of detailed maintenance
of cell cultures and eco-friendliness.
Metallic nanoparticles are budding as new carriers which provide way to site-specific targeting and drug
delivery by these nanoparticles. Silver (Ag) a noble metal, has potential applications in medicine due to its
unique properties such as good conductivity, chemically stable, catalytic activity, surface enhanced Raman
scattering and antimicrobial activity, Increases the oral bio-availability and to overcome the poorly water
soluble herbal medicines[9-11]. Silver nanoparticles have antibacterial properties mediated by silver ions
[12], it used as preservative in food and various food related products [13-14].
There are various methods for silver nanoparticles preparation, for example; sol-gel process, chemical
precipitation, reverse micelle method, hydrothermal method, microwave, chemical vapour deposition and
biological methods, etc.[15] However; biological methods are preferred for being eco-friendly, cost effective,
and not involve the use of toxic chemicals.
Green synthesis of nanoparticles is an emerging branch of nanotechnology. Biosynthesis of nanoparticles
using plant extracts is the favourite method of green, exploited to a vast extent because the plants are widely
distributed, easily available, advancement over physical and chemical methods, safe to handle and with a
range of metabolites and compatibility for pharmaceutical and biomedical applications as they do not use
toxic chemicals in the synthesis protocols [16-20].
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The plants used for AgNps synthesis range from algae to angiosperms; however, limited reports are
available for lower plants and the most suitable choice are the angiosperm plants. Parts like leaf, bark, root,
and stem have been used for the AgNP synthesis. The medicinally important plants likeBoerhaavia diffusa
[23], Tinospora cordifolia [24], Aloe vera [25], Terminalia chebula [26] Catharanthus roseus[27], Ocimum
tenuiflorum [28] .
Due to its antimicrobial properties, silver has also incorporated in filters to purify drinking water
and clean swimming pool water. To generate nanosilver, metallic silver has been engineered into ultrafine
particles by several methods; include spark discharging, electrochemical reduction, solution irradiation and
cryo- chemical synthesis. [32] Nano-silver particles are mostly smaller than 100 nm and consist of about
20-15,000 silver atoms. In addition, nanostructures can be produced as tubes, wires, multifactes or films. At
the nano-scale, the silver particles exhibit deviating physico-chemical properties (like pH dependent
partitioning to solid and dissolved particulate matters) and biological activities compared with the regular
metal. Nanosilver particles in medical application, synthesis performance, and toxicity. Finally, possible
toxicology was discussed. [39]
Green synthesis provides advancement over chemical and physical method as it is cost effective,
environment friendly, easily scaled up for large scale synthesis and in this method there is no need to use
high pressure, energy, temperature and toxic chemicals.
EXPERIMENTAL SECTION
Materials
The required chemicals were purchased from the following sources: Silver Nitrate (AgNO3) from SigmaAldrich with 99% assay and commercially available marul leaf were collected from M.R.Government Arts
College , Mannargudi. De-ionized water (DM) was used for all the experiments.
SYNTHESIS TECHNIQUES
Preparation of Plant extracts from “Sansevieria Roxburghiana” (Marul) leaves
Fresh leaves of “Sansevieria Roxburghiana” (Marul) were collected and washed several times
with water to remove the dust particles and then washed with DM water twice. The 100g of plant leafs are
cut in to small pieces. Finely cut leaves were placed in a 500 ml Erlenmeyer flask containing 200 ml of DeIonized Water. After that the mixture was boiled for 10 min and filtered using normal filter paper and with
cotton to remove centrifuged particle, followed by watt men filter paper of size -40mm. The extract was
stored in Room Temperature.

Picture of “Sansevieria Roxburghiana”(Marul) leaves
Preparation of Silver Nitrate solutions
A 0.1689g of 1mM stock solution of AgNO 3 in De-Ionized water is prepared. Weighed amount of AgNO3 was
carefully transferred in a 1000-ml volumetric flask and de-ionized water was added drop-wise while
swirling to dissolve the salt up to the mark. The solution was diluted as required and all the solutions were
kept away from light (the containers were wrapped with brown papers) and kept in dark.
SYNTHESIS OF SILVER NANOPARTICLES
Silver nanoparticles were prepared from aqueous AgNO3 solution (1mM) as a precursor and using the as
prepared leaf extract as a reducing agent in aqueous medium. A constant ambient temperature of 25 0C was
maintained throughout the process. Before addition of leaf extract to the AgNO 3 solution, the volume of
1mM AgNO3 solution was required to attain a specific concentration (0.05mM, 0.1mM, 0.15mM and 0.2mM,
0.25mm, 0.3mM) of the solution was calculated.
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A set of six tubes were taken and labeled. The six test tubes were added with various
concentrations of AgNO3 solution (0.05mM, 0.1mM, 0.15mM and 0.2mM, 0.25mm, 0.3mM) and leaf extract
was added slowly one after another. Finally required volumes of de-ionized water was added (as shown in
the Table 2) and stirred continuously and kept in dark atmosphere. The color of the solution changed
gradually to brown following the intensity of color becomes increases, depending on the precursor
concentration respectively indicating the formation of silver nanoparticles.

Plant extract

Label
A
B
C
D
E
F

Volume of
stock
Solution
0.5 ml
1.0 ml
1.5 ml
2.0 ml
2.5 ml
3.0ml

Volume of
distilled
water
7.5 ml
7.0 ml
6.5 ml
6.0 ml
5.5 ml
5.0ml

AgNO3 Solution

Volume of
leaf extract

Concentration
of AgNO3

2 ml
2 ml
2 ml
2 ml
2 ml
2 ml

0.05mM
0.1 mM
0.15 mM
0.2 mM
0.25 mM
0.3 mM

Nanoparticle solution
(Plant extract +AgNO3)

Formation of silver nanoparticles using plant extract in different concentration.
CHARACTERIZATION OF SILVER NANOPARTICLES:
Several techniques are used for characterizing different Nanoparticles. Here we have discussed the basic
principles of few techniques that have been used for the characterized the silver nanoparticles in this
project work. They are absorption (UV-Vis) particle size analyzer, X-ray diffraction (XRD) and Scanning
Electron Microscope (SEM) and Transmission Electron Microscope (TEM).
UV-Visible Analysis
The optical property of Ag-NPs was determined by UV-Vis Spectrophotometer (Perkin-Elmer,
Lamda 35, Germany).
According to this technique many molecules absorb ultraviolet or visible light. The
percentage of transmittance light radiation determines when light of certain frequency is passed through
the samples. The spectrophotometer analysis records the intensity of absorption (A) or optical density (O.D)
as a function of wavelength. Absorbance is directly proportional to the path length, L, and the concentration,
C, of the absorbing species. Beer’s Law states that:
A = €CL
Where € is a constant of proportionality, called the absorptivity coefficient.
FTIR analysis
The chemical composition of the synthesized silver nanoparticles was studied by using FTIR spectrometer
(perkin-Elmer LS-55- Luminescence spectrometer). The solutions were characterized in the range 4000–
400 cm -1 using KBr pellet method.
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XRD-Analysis
The phase variety and grain size of synthesized silver nanoparticles was determined by X-ray diffraction
spectroscopy (Philips PAN analytical). The synthesized silver nanoparticles were studies with CUKα
radiation at voltage of 30 kV and current of 20 MA with scan rate of 0.03 0/s. Different phases present in the
synthesized samples were determined by X’ pert high score software with search and match facility. The
particle sizes of the prepared samples were determined by using Scherrer’s equation as follows.
0.9𝜆
D=
𝛽𝑐𝑜𝑠𝜃

Where D is the crystal size, λ is the wavelength of X-ray, θ is the Braggs angle in radians and B is the full
width at half maximum of the peak in radians.
In XRD a large fraction of the X-rays that are not simply absorbed or transmitted by the object but
are scattered.
When an X-ray beam hits an atom, the electron around the atom start to oscillate with the same
frequency as the incoming beam creating an electric field. All directions have destructive
interference, that is, the combining waves are out of phase and there is no resultant energy leaving
the solid sample.
However the atoms arranged like regular pattern in a crystal, and in a very few directions we will
have constructive interference. The waves will be in phase and there will be well defined X-ray
beams leaving the sample at various directions.
Hence, a diffracted beam may be described as a beam composed of a large number of scattered rays
mutually reinforcing one another.
X-ray diffraction provides a useful tool to study the structure and composition of the materials
which is a key requirement for understanding materials properties.
FE-SEM
In standard electron microscopes, electrons are mostly generated by “heating” a tungsten filament (electron
gun). They are also produced by a crystal of LaB6. The use of LaB6 results in a higher electron density in the
beam and a better resolution than that with the conventional device. In a field emission (FE) electron
microscope, on the other hand, no heating but a so-called "cold" source is employed. Field emission is the
emission of electrons from the surface of a conductor caused by a strong electric field. An extremely thin and
sharp tungsten needle (tip diameter 10–100 nm) works as a cathode. The FE source reasonably combines
with scanning electron microscopes (SEMs) whose development has been supported by advances in
secondary electron detector technology. The acceleration voltage between cathode and anode is commonly
in the order of magnitude of 0.5 to 30 kV, and the apparatus requires an extreme vacuum (~10–6 Pa) in the
column of the microscope. Because the electron beam produced by the FE source is about 1000 times
smaller than that in a standard microscope with a thermal electron gun, the image quality will b e markedly
improved; for example, resolution is on the order of ~2 nm at 1 keV and ~1 nm at 15 keV. Therefore, the FE
scanning electron microscope (FE-SEM) is a very useful tool for high-resolution surface imaging in the fields
of nanomaterials science.
RESULT AND DISCUSSION
Characterization of Particles by UV-Vis Spectroscopy
The synthesis of well- dispersed silver nanoparticles was accomplished via one –pot reaction
involving the reduction of silver salt using “Sansevieria Roxburghiana” (Marul) leaves.Noble metals are
known to exhibit unique optical properties due to the property of surface plasmon resonance (SPR) . The
formation of silver nanoparticles was monitored with color change and UV-Vis spectroscopy. The color of
the reaction mixture started changing from yellowish brown for dilute silver nitrate solution to reddish
brown indicating the generation of silver nanoparticles, due to the reduction of silver metal ions Ag + into
silver nanoparticles Ag via the active molecules present in the leaf extract. This color is attributed to the
excitation of SPR. As shown in Fig. 16, a characteristic and well-defined SPR band for silver nanoparticles
was obtained between 420-458 nm. Control silver nitrate solution neither developed the reddish brown
color nor did they display the characteristic band, indicating that abiotic reduction of silver nitrate did not
occur under the used conditions. The effect of silver nitrate concentration plays prominent role to develop
color change. Yellowish brown and reddish brown colors were observed at concentrations of 0.05mM and
0.25 mM silver nitrate. The SPR peak of silver nanoparticles became distinct with increasing the
concentration of silver nitrate, the sharp peak intensity was obtained at 0.25mM of AgNO3 .
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Super-imposed UV-Vis spectra of the Peak absorption for Plant Extract (PE) and spectrum of silver
nanoparticles using Sansevieria Roxburghiana leaf extract with different concentrations (0.05mM to
0.3mM) of HAuCl4Characterization of Particles by FTIR
100
1119.91cm-1

90
2072.54cm-1

80

70

678.44cm-1

%T

60

50

40

1636.59cm-1

30

20

10

3448.96cm-1

0
4000

3500

3000

2500

2000

1500

1000

500 400

cm-1
Name
Liq-Ag0.5

Description

FTIR - spectra of plant extract and synthesised silver nanoparticle
Fourier transform infrared spectrophotometer (FTIR) is perhaps the most powerful tools for identifying the
types of chemical bonds (functional groups) present in compounds. This technique was used to investigate
the reduction, stabilizing and capping of silver nanoparticles. The mid infrared region interacts with the
complex arrangement of atoms of the molecule and produce IR absorption spectrum depending on the
functional group of wide range. The dual role of the plant extract as a reducing and capping agent and
presence of some functional groups was confirmed by FTIR analysis of silver nanoparticle. A broad band
between 3448 cm-1 is due to the N-H stretching vibration and OH the overlapping of the stretching vibration
are attributed for water and“Sansevieria Roxburghiana” (Marul) leaf extract molecules. The band at 1636
cm-1 corresponds to amide C= O stretching and a peak at 2072 cm-1 can be assigned to alkene group
present in phytoconstituents of extract .The observed peaks at 1119 cm-1 denote –C-OC- linkages, or –C-Obonds. The observed peaks are mainly attributed to presence of alkaloids (flavanoids , terpenoids
adrenaline etc.,) excessively present in plants extract.
On the other hand, the extract sample prepared shows a wide and strong peak with maximum intensity at
678 cm-1. The results are in good agreement with those found in literature (Mahdi et al., 2015). From FT-IR
results, it can be concluded that some of the bioorganics compounds from “Sansevieria Roxburghiana”
(Marul) extract formed a strong coating/capping on the nanoparticles.
Characterization of Particles by XRD Analysis
The synthesized gold nanoparticles from leaf extract were characterized by X-ray diffraction analysis (XRD)
and the figure (18) shows that XRD pattern of this particle. Scans were performed over a 20theta ranging
from 30 to 80 o with a step of 0.02 o and a one second count time at each step. The pattern visibly shows the
major peak at 2(Theta degrees) 37.97,43.99, 64.36 and 77.17 which respectively corresponds to (111),
(200), (220) and (311) planes. The pattern also shows that the (111) is the major plane with the majority of
the synthesized particles showing face centered cubic (fcc) structure. The XRD results also recommended
that the crystallization of the bio- organic phase occurs on the surface of the gold nanoparticles .the
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widening of Braggs peaks signifies the formation of nanoparticles.The sharp peaks signify some bio- organic
compounds present in the nanoparticles during the synthesis.

XRD pattern of synthesized Ag – NPs
Characterization of Particles by FE –SEM Analysis
FE-scanning electron microscope technique was used to characterize the size and shape of the gold
nanoparticles . Fig.19 shows the FESEM images of the AgNPs shows, a thin organic shell covered on each
individual AgNPs, which may be accountable for reducing Ag+ ions a and helps in inter particle binding with
nanoparticle. On careful observation, most of the silver nanoparticles are spherical in shape, and the average
sizes of the nanoparticles were estimated around 70 nm in size indicating polydispersity. It is observed from
this image that the nanoparticles are isolated and are surrounded by a layer of organic matrix at some
places that acts as capping. The scanning images also showed the agglomeration it may be due to the fact
that silver nanoparticles have the propensity to agglomerate due to their high surface energy and high
surface tension of the ultrafine nanoparticles. This result strongly indicates that Sansevieria
Roxburghiana leaf extracts might act as a reducing and capping agent in the production of gold
nanoparticles.

(a)

(b)

(c)
Figure (a-c) FE-scanning electron microscope image of silver nanoparticles synthesized
using SansevieriaRoxburghiana leaf extracts at different magnifications
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CONCLSION
The prompt biological synthesis of silver nanoparticles using certain medicinally important
Sansevieria Roxburghiana leaves extract in aqueous medium provides environmental friendly, simple
and efficient route for synthesis of benign nanoparticles. The phytochemical constituent present in leaves
extract plays potentialy important biologically reducing as well as stabilizing agent to synthesize silver
nanoparticles . Due to the presence of active biological constituent the size were bigger as the nanoparticles
were surrounded by a thin layer of metabolites such as adrenaline, terpenoids etc., having functional groups
of amines, alcohols, ketones, etc., which were found from the characterization using FTIR technique. In
owing to characteristic surface plasmon resonance, simple method based on the fitting UV-Vis spectra was
conceived, which gives valuable information about formation of silver nanoparticles around 420 nm. The
synthesized nanoparticles purely depend on the concentration of precursor solution and phytochemical
constituent in a leaf extract also plays prominent role in prospective capping mechanism of the silver
nanoparticles. Along with the FTIR and UV-Visible spectral data the XRD shows that there are several phases
of silver nanoparticles present in the suspension. Finally the study of FESEM provided useful information
about distribution of particles in various sizes. Characterization of silver nanoparticles revealed that the
average size of the synthesized nanoparticles is 70 nm. In view of the whole process the single step method
in a aqueous based medium is a efficient route for synthesis of silver nanoparticles is an alternative to
chemical synthesis protocols and low cost reductant, without the presence of any harmful chemical, external
surfactant or dispersing agent.
This synthesis is widely used to application of water treatment. Because Currently, WHO/UNICEF
estimated that 783 million people in the world do not have access to safe drinking water [70]. Boschi -Pinto
et al. reported 1.87 million childhood deaths are due to water-borne diseases [71]. Conventional water
treatment and delivery approaches are considered unfeasible in these under-developed areas because they
need high capital investments, a high cost of maintenance, a high quantity water source, and these require
users to pay for the treated water . People have to collect their own water outside their homes and then
store the water in the household due to the lack of water supply, and contaminations could occur during the
water collection, transport, and storage, which cause a high chance of water-borne disease infection . A
point-of-use (POU) ceramic water filter (CWF) provides an option to purify the water. A ceramic water filter
(CWF) is a simple device that can eliminate water-borne pathogens. Currently, CWFs are manufactured by
pressing and firing a mixture of clay and a burnable organic material such as flour, rice husks, or sawdust
before treatment with AgNP [72]. The filter is formed using a filter press, after which it is air -dried and fired
in a kiln. This forms the ceramic material and burns off the sawdust, flour, or rice husk in the filters, making
it porous and permeable to water. CWFs are reported as effective in removing more than 99% of protozoa
and 90-99.99% of bacteria from drinking water [73]. However, a high removal of viruses is not achieved.
AgNP and silver nitrate (AgNO3, Ag+ ) are added to filters at all CWF factories to achieve higher pathogen
removal due to their antimicrobial properties [74]. The silver solutions are applied to CWF either by
brushing or dipping [61]. It was reported that 83% of CWF factories apply AgNP and 17% use Ag+ . The
concentration of silver applied at CWF factories varies. Reported amounts of AgNP applied on CWFs ranges
from 32 to 96 mg per CWF. Current guidelines recommend 64 mg of AgNP per CWF.
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