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ABSTRACT

The present study reports one step green synthesis of silver nanoparticles using Gymnema sylvestre
agueous extract at room temperature and their usage in the photodegradation of methyl orange
dye. The silver nanoparticles are synthesized using an aqueous extract of stem and root of Gymnema
sylvestre. UV-Visible spectral analysis showed absorbance peak at 430 nm with special reference to
the excitation of surfaces plasmon vibration by silver nanoparticles. FT-IR analysis of nanoparticles
reveals the presence of molecular functional groups such as amides, phenolic compounds, and
carboxylic acid. These phytochemicals act capping and stabilizing agents for silver nanoparticles.
EDAX elemental analysis shows the presence of silver as the main element in synthesized
nanoparticles. The average crystalline size of silver nanoparticles was found to be 25.3 nm and 9.97
nm for Stem-AgNPs and Root-AgNPs respectively by Scherer formula. XRD patterns also suggest
the occurrence of crystalline silver ions. Further, photocatalytic degradation of methyl orange was
measured spectrophotometrically by using silver nanoparticles as nanocatalyst under solar light
effect. The results revealed that biosynthesized silver nanoparticles using G. sylvestyre was found to
be notable in degrading methyl orange dye under the influence of sunlight.
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INTRODUCTION

The thumb challenge in nanotechnology is for
the improvement of efficient and green chemistry
involved experimental procedures for the synthesis
of nanomaterials for a required size, shape, and
dispersivity[1].Inthe currentscenario of developing
clean and green technologies for the nanomaterials
synthesis, these aspects assume significant
importance [2]. Using different plant extracts and
reducible bio-excretory in the synthesis of novel
metal nanoparticles is an attractive opportunity.

* Corresponding Author Email: drsspingale@gmail.com

As an alternative to the physical method, green
synthesis method employing plant extracts are
proved to be more feasible and simple. Nanoparticle
synthesis can do using different microbial strains
[3], enzymes, metabolites, biodegradable products
[4], fungi, mushrooms [5] and plant extracts [6].
The current method of nanoparticle synthesis
with plant extract is advantageous because it is
simple, highly reproducible, nontoxicity and can be
processed at the room temperature. Recent reports
show the green synthesis of metallic nanoparticles
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like using Au and Ag salts with part of the plant
like Cinnamomum camphora [6], geranium leaf
broth [7], and lemongrass extract [8], tamarind
leaf extract [9] and aloe vera plant extracts [10].
Biosynthesis of nanoparticles using G. sylvestre leaf
extract has been previously reported to be having
anticancer properties [11].

Plant extract-mediated bioreduction involves
mixing theaqueous extract withanaqueous solution
of the appropriate metal salt. The selection of metal
salt depends upon which metal nanoparticle is
going to be synthesized. Modification of reduction
reaction conditions like temperature, pH, amount
of plant extract and concentration of metal salt
may be affecting the reaction rate. The biosynthesis
can be performed in ambient conditions and by
the standard prescribed in green chemistry. The
problems with the current physical and chemical
methods are poor ability, short time stability, the
involvement of toxic chemicals and safety problem
in the usage of these particles and such problems can
be satisfactorily solved by biosynthetic processes.
In this study, aqueous extract of G. sylvestre is
used for the synthesis of silver nanoparticles. The
synthesis of G.sylvestre silver nanoparticles occurs
at the room temperature in various periods.

G. sylvestre plant has medicinal importance,
although synthesized nanoparticles (NPs) were
used as nanocatalyst in the photodegradation
of methyl orange dye. Photodegradation using
nanoparticles is an effective and rapid technique in
the removal of pollutants from wastewater [12]. In
this study, we discuss the photocatalytic efficiency
of one step synthesized silver nanoparticles for the
degradation of methyl orange dye.

Gymnema sylvestre R.Br. (Family:
Asclepiadaceae), commonly known as ‘Gurmar,
is a well-known medicinal plant. It is valuable
medicinal plant used in folk medicine to treat
diabetes, obesity, asthma etc. in India for antiquity.
The plant is specially used in the treatment of
diabetes and many other ailments. A recent review
on G. sylvestre describes the antimicrobial [13,
14] hepatoprotective, antihypercholesterolemic,
anti-inflammatory [15] activities of leaves of this
plant. The plant G. sylvestre was used to control
diabetes, obesity, atherosclerosis etc., by traditional
medicinal practitioners of India [16, 17, 18]. It
is well known that a group of more than twenty
saponin glycosides of olenane-type including a
mixture of gymnemic acids I-XVIII (antisweet
compounds) and gymnema saponins are the active
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constituents of these leaves [15]. The extract of G.
sylvestre leaves (stem and root) is rich in reducing
sugars, flavanoids, terpenoids, saponins phenols,
which acts as a good antioxidant and an excellent
antimicrobial agent [13]. These phytochemical are
important natural resources and play an aggressive
role in both stabilization and reduction of
nanoparticles. The attention of the present work is
to apply the accurate principles of green chemistry
for the synthesis of silver nanoparticles by using
stem and root G. sylvestre extracts as reducing and
capping agent.

MATERIALS AND METHODS
Plant material

The plant of G. sylvestre (2 Kg) was collected
from ‘Pune Maharashtra, India. The plant was
authenticated by Botanical Survey of India, Pune
(BSI). The material has been deposited at AHMA
herbarium at BSI (Voucher No.SVS-1/783).

Chemicals: Analytical grade AgNO, procured
from Hi Media Lab and used for the experiment.
Tripally Ionized Water is for preparation of
solutions.

Abbreviations: SWE: Stem Water Extract, RWE:
Root water extract, NPs: Nanoparticles, AgNPs:
silver nanoparticles, GS: Gymnema sylvestre,
GS-SAgNPs:  Gymnema sylvestre stem silver
nanoparticles, GS-RAgNPs: Gymnema sylvestre
root silver nanoparticles, SPR: Surface plasma
resonance.

Preparation of extracts from G. sylvestre

The Plant material was cleaned with distilled
water and shade dried for 15 days. The plant parts
stem and root were separated. The air-dried Stem
and Root of G. sylvestre (10g) were cut into the size
of 0.25 cm X 0.25 cm were taken in a wide neck
Borosil flask. Then 100 mL of tripally distilled
water is poured into the flask and subjected to
heating for 1 hr. The solution is then filtered in hot
condition using Whattman filter paper No.44 to
remove the solid fibrous residues. The clear filtrate
(aqueous extract) of stem and root were labeled as
SWE and RWE. The water extracts of G. sylvestre
are stored in a freezer at 4°C and used for the silver
nanoparticles synthesis.

Biosynthesis of Silver nanoparticles from G.Sylvestre

Analytical grade AgNO, procured from Hi Media
Labs is prepared in 3mM is used for the experiment.
3.0 mL of Stem water extract (SWE) is added to 50
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mL of AgNO, (3mM) aqueous solution. Simillarlally
3.0 mL of Root water extract (RWE) is added to
50 mL of AgNO, (3mM) aqueous solution. Then
the flasks are placed on a magnetic stirrer at room
temperature for the process of NPs synthesis for
about 48 hrs. The appearance of Yellow-brown color
indicates the formation of Silver Nanoparticles.
A control solution (3 mM AgNO,) was also kept
under the same condition. The reaction medium
containing AgNPs was centrifuged at 10 000 rpm for
30 min. The obtained precipitation was freeze-dried
and used for further studies.

Characterization of Biosynthesized silver nanoparticles

The different techniques used for the
characterization of biosynthesized nanoparticles
are as follows, Visual Inspection and Intensity
Characterization, Spectroscopy techniques like
UV-vis to understand the formation of metallic
nanoparticles and Fourier transform infrared
spectroscopy (FTIR): to understand the probable
pathway of biosynthesis. FESEM analysis provides
information on chemical composition near the
surface. EDAX and XRD data are used in getting
the confirmation on the chemical composition and
crystalline nature of nanoparticles.

The GSAgNPs were characterized using a UV-
Vis 3000+ double-beam spectrophotometer (Lab
India, Maharashtra, India). The spectrometric
range was 200-800 nm, and scanning interval
was 0.5 nm. The functional characterization of
molecules present in the GSAgNPs from the
stem extract and Root extract of G. sylvestre were
done by FTIR spectrometry (RX1; Perkin-Elmer,
Waltham, MA, USA). The surface morphology of
the biofunctionalized AgNPs was characterized by
SEM analysis (JSM-5600LV; JEOL, Tokyo, Japan)
and the elemental compositions were determined
by EDAX analysis (S-3400N; Hitachi, Tokyo,
Japan). The crystal size of the synthesized AgNPs
was determined by XRD measurements using an
XRD-6000 X-ray diffractometer (Shimadzu, Kyoto,
Japan). The crystallite domain size was calculated
from the width of the XRD peaks by assuming that
they were free from non-uniform strains using the
following Scherer formula [19].

Photocatalytic degradation of Methyl Orange Dye
The photocatalytic degradation of methyl
orange was studied by using biosynthesized GS-
SAgNPs and GS-RAgNPs nanoparticles using
reported method [20]. All the experiments were
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performed outdoor with the sun as the main
source of light. 50 ml of methyl orange solution (5
mg/1) was prepared and used in this degradation
reaction. The two different test solutions of methyl
orange containing GS-SAgNPs and GS-RAgNPs
(3 mg/ml) were prepared. 50 ml of methyl orange
(5mg/ml, without GS-AgNPs) was used as a control
to monitor the degradation. Later, the mixtures
were allowed to stir constantly for about 30 min
in darkness to ensure constant equilibrium of GS-
AgNPs in the organic solution. Then test solutions
and control were kept under sunlight within a
Pyrex glass beaker and stirred continuously on
a magnetic stirrer. The mean temperature was
found to be 30°C. The absorption spectrum of
the reaction mixture was measured periodically
using a UV-visible spectrophotometer (Shimadzu,
UV-2450, Japan) after centrifugation to ensure
the degradation of methyl orange solution. The %
Degradation of Methyl orange dye by GS-SAgNPs
and GS-RAgNPs were determined by the following
equation:

[Aco— Acw ] x 100
Aco)

% Degradation =

Where, Acw) is the absorbance of Methyl orange
dye at 0 min (Control), A, is the absorbance of
methyl orange dye after addition of GS-SAgNPs and
GS-RAgNPs at 30,60,90 and 120 min. respectively.

RESULTS AND DISCUSSION
Visual Inspection

After the addition of aqueous plant extract of G.
sylvestre to AgNO, (3mM) aqueous solution, a light
yellowish color was observed which changed to dark
brown color on subjecting the reaction mixture to
room temperature. This change of color with respect
to time indicates that the formation of silver NPs has
taken place [21]. The reaction mixture is kept for 48
hr. After 48 hr, it was observed that the intensity of
the brown color of solution increases. The intensity
of the color is recorded as absorbance with respect to
time which clears that the GS-AgNPs were found to
be time-dependent. The color intensity (Absorbance
intensity) of the reaction mixture increases
exponentially with time as shown in Fig. 1(a) for GS-
SAgNPs and Fig.1 (b) GS-RAgNPs respectively.

The reaction process takes place rapidly and after
complete reaction process, it is observed that more
than 90% of silver ions will be reduced to GS-AgNP
in 48hr. The AgNPs formation is confirmed by an
increase in the color of the reaction mixture which
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Fig.1 (a): SAgNPs: Intensity graph of reaction mixture containing aqueous 3mM AgNO, solution treated with Stem
Water extract (SWE) versus time (hour) showing that the 90% of SNPs biosynthesis completed within 2 hr. Inset:
increase in the color intensity of the reaction mixture with time.
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Fig.1. (b): RAgNPs: Intensity graph of reaction mixture containing aqueous 3mM AgNO, solution treated Root Water
extract (RWE) versus time (hour) showing that the 90% of NPs biosynthesis completed within 2 hr. /nset: increase in
the color intensity of the reaction mixture with time.

is observed with Surface Plasma resonance (SPR)
in the visible range of the spectra. AgNP exhibits
brownish color in water owing to excitation in the
Vibrations of SPR. The characteristic color change
obtained may perhaps be due to the excitation of
surface plasma resonance (SPR) and reduction of
AgNO, [12]. The control AgNO, solution remained
as such without any change in color as shown in
Figs. 1 (a) and (b). This suggests that the color
intensity of the nanoparticles solution is directly
proportional to the incubation time.

UV-vis spectroscopy
UV-visible spectroscopy is a preliminary and
convenient tool for measuring the reduction of
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metal ions based on optical properties called SPR.
The reaction mixture after 48 hr has an absorption
maximum at 430 nm suggesting the formation of
Ag nanoparticles [5] as shown in Figs. 2(a) and (b).

The shape of the absorption band was found to
be symmetrical, which indicates the presence of
spherical-polydispersed nanoparticles and further
confirmed by FE-SEM studies. The incubation
time plays an important role in the formation of
nanoparticles by reducing the silver ions at room
temperature. Our results showed that there are no
further changes in UV-vis spectrum signifying the
reaction is completed. Thus, it is evident from this
experiment the formation of nanoparticles in solution
is time dependent as shown in Figs. 3(a) and (b).
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Fig. 3 (a): Time dependent Biosynthesis of GS-SAgNPs

IR- spectroscopy

The plant extract acts as reducing agent, capping
agent and stabilizing agent for biosynthesized Silver
NPs. The FTIR spectra for stem water extract and
corresponding GS-SAgNPs are shown in Fig. 4(a).
Similarly, FTIR spectra for Root water extract and
corresponding obtained GS-RAgNPs are shown in
Fig. 4 (b).

FT-IR analysis showed that the presence of
molecular functional groups that are responsible
for the reduction of silver ions as shown Fig. 3(a)
and Fig. 3(b). The FTIR analysis of GS-SNPs
showed three sharp absorption peaks at 3456 Cm!,
1635 Cm™, and 705.0Cm™.The peak at 3456 Cm™
indicating the possibility of the presence of O-H
stretching. The absorption peak at 1640 cm™ could
be due to the amide bond from the carbonyl group
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Fig. 3 (b): Time dependent Biosynthesis of GS-RAgNPs

of a protein. The sharp peak at 705 Cm™ is due
to C-Cl stretching vibrations. The detailed peak
descriptions in FTIR analysis are given in Tables 1
and 2 These results suggested that the biological
molecules possibly perform the dual function of
synthesis and stabilization of silver nanoparticles
[12, 22].

SEM images of AgNP are shown at resolution
of 0.5 um in Figs. 5(a) and (b). Biosynthesized Ag-
NPs are spherical shaped and well distributed with
aggregation. This image gives information about
the organic moieties adsorbed on the surface of
nanoparticles which serve as a reducing and also as
a capping agent.

The quantitative analysis of synthesized
nanoparticles was carried out using EDAX. The
EDAX showed the high silver content of 41%.
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Table 1: IR Frequency Band for GS-SAgNPs

Sr. No. IR Frequency for GS-SAgNPs  Possible Functional Group
1 3434 Cm! O-H stretching-bonded
2 1635 Cm'! Amide Stretching
3 2792 Crn! -C-H gnd C'-H (Methoxy compounds)
stretching vibrations
4 2330 Cm™! Primary amine group of protein
5 1332 Cm’! C-C and C-N stretching
6 705 Cm'! C-Cl stretching
Table 2: IR Frequency Band for GS-RAgNPs
Sr. No. IR Frequency for GS-RAgNPs Possible Functional Group
1 3456 Cm'! O-H stretching
2 1645 Cm! Amide C-O stretching
N -C-H and C-H (Methoxy compounds)
1
3 2758 Cm Stretching Vibrations
4 1350 Cm™! C-C and C-N Stretching
5 705 Cm’! C-Cl Stretching
— SWE
110 —— RWE
110+ ---- GS-SAgNPs ] - GS-RAgNPs
105
105 ]
100
100 ]
= 05.] g 95 -
g 90 § 90-_
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Wawwlength (cm™)
Fig. 4(a): IR Spectra of SWE and GS-SAgNPs

The EDAX spectrum also showed the presence
of Oxygen and Carbon of 46.11% and 7.11%,
respectively.

X-ray diffraction patterns of synthesized silver
nanoparticles were shown in Figs. 6(a) and (b).
The XRD pattern showed diffraction peaks of the
range of 260 (20-80°) which were corresponding to
(111) (200) (220) and (311) planes [23]. A peak
at 2 Theta = 32.2¢ represents the formation of
pure silver (Ag) at the start of the reaction. The
average crystalline size of the Ag nanoparticles
was determined by Scherrer’s formula and found
to 25.3 nm and 9.97 nm for SAgNPs and RAgNPs
respectively.
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Fig. 4 (b): IR Spectra of RWE and GS-RAgNPs

Photocatalytic degradation of methyl orange
dye was investigated using biometrically
synthesized GS-SAgNPs and GS-RAgNPs by solar
irradiation technique at different time intervals
as shown in Figs. 7(a) and (b). The characteristic
absorption peak of methyl orange solution
was found to be 460 nm (A _ ). Degradation of
methyl orange was visualized by a decrease in
peak intensity within 2 hr of incubation time in
sunlight. There is no considerable shift in peak
position for methyl orange solution without Ag
nanoparticles. As compared to other irradiation
techniques, the solar light was found to be faster
in decolorizing methyl orange in the presence of
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Fig. 5(b): EDAX and SEM of GS-RAgNPs
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Fig. 6(a): XRD Pattern of GS-SAgNPs

metal catalyst [24].

The rate of degradation of Methyl orange dye
by GS-SAgNPs was found to be faster as compared
with GS-RAgNPs. Initially, % degradation of
methyl orange was low (30 min) for GS-SAgNPs
is 22.81% and for GS-RAgNPs is 2.68%. The
notable photo catalytic activity of biosynthesized
GS-SAgNPs was mainly because of the presence of
protein moiety that surrounded the Ag-NP [FTIR
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band at 2330 cm™]. The % degradation of Methyl
orange dye is as shown in Fig. 8. It is observed that
degradation of methyl orange by GS-SAgNPs is
57.04% after 2 hr and by GS-RAgNPs is 47.65%.
The results show that 50 % dye degradation can
be done by silver nanoparticles synthesized from
G. sylvestre. G. sylvestre AgNPs can be used as
efficient nanocatalyst for degradation of methyl
orange dye.

J. Water Environ. Nanotechnol., 3(2): 106-115 Spring 2018
[ Era—



S. S. Pingale et al. / Biosynthesis of Silver nanoparticles from G, sylvestre

8
g
E
2
<
300 200 500 600 700" 800
Wavelength (nm)
Fig. 7(a): Degradation of Methyl orange dye using GS-SAgNPS
& Q
A g
Y E
1 ) S
e <
v o
e
300 00 500 500 700 800
Wavelength (nm)
Fig. 7(b): Degradation of Methyl orange dye using GS-RAgNPS
< | GSSNps
2 | GSRNPs
60 v
§
3§)
xX
0 30 60 90 120 150
Time (min)
Fig. 8: % Degradation of Methyl orange dye using GS-SAgNPs and RAgNPs
J. Water Environ. Nanotechnol., 3(2): 106-115 Spring 2018 113

@) v



S. S. Pingale et al. / Biosynthesis of Silver nanoparticles from G, sylvestre

CONCLUSIONS

To conclude, in this study, the nanoparticles
synthesized from aqueous extract G. sylvestre
(stem and root) were labeled as GS-SAgNPs and
GS-RAgNPs respectively. These green-synthesized
SNPs (GS-SAgNPs and GS-RAgNPs) of G. sylvestre
were examined by techniques Ultraviolet-visible
(UV-vis) spectroscopy, Fourier transform infrared
spectroscopy (FTIR), Scanning electron microscopy
(SEM), Energy dispersive X-ray analysis (EDAX),
and X-ray diffraction (XRD) analysis for studying
their size and morphology. silver nanoparticles
from G. sylvestre were synthesized biometrically
at room temperature within 48 hr of incubation
time. The formation of silver nanoparticles was
confirmed by UV spectra, FT-IR, SEM, and XRD
studies. The nanoparticles were found to be active
in degrading methyl orange solution with solar
light illumination. These findings suggest that
silver nanoparticles synthesized by a facile method
from G. sylvestre can able to degrade dyes in the
presence of sun light. This current work provides
information about the application of G.sylvestre
for biosynthesis of metal nanoparticle and their
use in Photocatalytic degradation of contaminants
present in water
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