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Recently nanoparticles have been widely used in various applications such as antimicrobial, drug delivery, catalysis, sensors and screening
of toxic organic and inorganic pollutants. Here we present an environmentally friendly, simple approach and an efficient approach for the
green synthesis of silver nanoparticles using Ipomoea quamoclit L. leaf extract. In this work, a novel method for green synthesis of silver
nanoparticles-based Ipomoea quamoclit L. plant extract as green reducing agent is described. The morphological and optical properties of

Ipomoea quamoclit L. had a size range from 20 nm to 50 nm as observed by the FE-SEM analysis. The XRD pattern revealed the
crystallinity nature of the prepared silver nanoparticles. Stable silver nanoparticle solution has been synthesized using Ipomoea quamoclit
L. leaf extract under the optimized experimental conditions. This silver nanoparticle can be used as a catalyst for degradation of textile
dyes. The resulting reaction follows pseudo-first-order kinetics. The silver nanoparticles exhibited a moderate antibacterial activity towards

INTRODUCTION

Nanoparticles exhibited unique morphology, size and
shape because of distinct properties of large surface-to-volume
ratio [1-3]. Metal nanoparticles have been used for various
applications in pharmaceutical, sensor, agriculture and catalytic
applications [4-6]. Nanoparticles synthesized through the con-
ventional techniques (physical and chemical method) use a
facial method to synthesize nanoparticles in large quantity
however, the chemical synthesis requires toxic chemicals as
reducing agent as well as stabilizing agents for synthesis mate-
rials [7,8].

Nanoparticles like Au, Ag, Cu, Fe, and Se have been used
for various academic and industrial applications [9,10]. Silver
nanoparticles (AgNPs) area well-known material for antibac-
terial and wound healing is well established [11,12]. Moreover,
due to release of silver ion (Ag*) from AgNPs inhibits respira-
tory enzymes and produces ROS (reactive oxygen species),
therefore they are in high demand in medicine, cleaning agents,
food stuff and consumer products.

—I
the nanoparticles were characterized by XRD, FT-IR, HR-SEM, TEM and UV-visible spectrum. The silver nanoparticles prepared from |
Bacillus subtilis and Salmonella sp. had an inhibition zone of 34 mm and 20 mm, respectively. I
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Metal nanoparticles with different size and shapes can be
synthesized by various experimental conditions including
chemical reduction, polyol method, microwave synthesis, sono-
chemical, electrochemical and photochemical, etc. [13,14].
Recently, green chemistry method is one of the fascinating areas
of research on the synthesis of various types of size and differ-
ently shaped metal nanoparticles. Some of the medicinal plants
like aloe vera gel have been used for the synthesis of stabilized
silver nanoparticles [15]. In conventional process, high temp-
eratures, reduction of silver ions in solution media (sodium
borohydride) and capping agents (gelatine) were used for the
reduction of silver ions. Green synthesis using plant extract as
arich source of capping agents and reducing agents could be a
potential candidate for the synthesis of silver nanoparticles [16].

Ipomoea quamoclit L., genus belongs to the Convolvul-
aceae family andis also called as Quamoclit pinnata. Ipomoea
quamoclit L., is commonly known as star glory, cardinal vine,
Indian pink and moreover, it is the most important herb in folk
and Ayurveda medicine. Its stems and leaves contain alkaloids
and cyanogenetic glycosides. Plant leaves were used to stop
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bleeding piles and carbuncles. Ipomoea quamoclit L. plant
possesses many medicinal properties such as anticancer, anti-
diabetic, antimicrobial, and antioxidant activity [17,18]. Recently
some of the preliminary studies on the synthesis of silver nano-
particles has been reported using Ipomoea quamoclit L. leaf extract,
however not much information is given in that study [19]. The
objective of the present work is to synthesize silver nanoparticles
using Ipomoea quamoclit L. leaf extract and then evaluate the
antibacterial and catalytic effect of silver nanoparticles.

EXPERIMENTAL

The Ipomoea quamoclit L. plant was collected from in
and around Chengalpattu near Chennai, India and authenticated
by the Botanist of University of Madras, Chennai, India. Silver
nitrate (AgNO;) was obtained from SRL Chemicals, Chennai,
India and used as received. Other solvents of analytical grade
were received from the reputed commercial sources.

Preparation of Ipomoea quamoclit L. leaf extract: The
collected Ipomoea quamoclit L. leave was washed with sterilized
distilled water to remove the dust particles. The clean leaves
were shade dried and then crushed well into a powder form
using agate mortar. About 10 g of powder was dispersed in
100 mL of distilled water, then the solution was heated to 60
°C in the water bath for 15 min. Finally, the extract was fil-
tered, collected and stored at 5 °C under dark until further use.

Synthesis of silver nanoparticles: To synthesize AgNPs,
different volume of the Ipomoea quamoclit L. leave extract
was added into the known volume of AgNO; (1 mM) solution.
The reaction mixture was placed at room temperature for 24 h
and then recorded the absorbance using UV-Spectrum to confirm
the formation of AgNPs.

Characterization: The optical absorption spectrum was
analyzed using UV-visible spectrophotometer (Shimadzu,
U-1800). The XRD pattern of AgNPs was recorded using the
X-ray instrument Shimadzu XRD-6000 diffractometer. An
Infrared spectrum was recorded using Perkin-Elmer 360 spectro-
photometer. Morphological and structural investigations were
carried out with HR-SEM, Thermoscientific Apero S and HR-
TEM, JEM-2100 Plus instrument, Japan.

Screening of antibacterial activity: The antibacterial
activity of silver nanoparticles was carried out based on the
agar disc diffusion method using Muller-Hinton agar (MHA)
[20]. Stock cultures were maintained at 4 °C in the Nutrient
agar medium. Active cultures for experiments were prepared
by transferring a loop full of culture from the stock cultures
into the test tubes containing nutrient broth, which was incubated
for 24 h at 37 °C. Muller-Hinton agar (MHA) medium was
poured into the Petri plate. After the medium was solidified,
the inoculums were spread on the solid plates with sterile swabs
moistened with the bacterial strains placed in the disc. Ampicillin
20 pL/disc was used as control antibiotics for this study.

RESULTS AND DISCUSSION

UV-visible spectra: The growth of the synthesized silver
nanoparticles was monitored using UV-visible spectral studies
by monitoring the increase of the SPR band at around 420 nm
at different time intervals. With the help of UV-visible spectral

studies, it is possible to optimize the amount of reducing agent
required for the complete reduction in various time intervals.
The rate of reduction of AgNO; after the addition of 0.5 mL
of Ipomoea quamoclit L. leaf extract was monitored by
measuring the increase in absorbance values at different time
scales. It is understood that initially, the reaction is slow and
then increased slowly with reaction time. The growth kinetic of
AgNPs is shown in Fig. 1 and found that the reaction completed
within 24 h. The influence of Ipomoea quamoclit L. leaf extract
quantity on the reduction of AgNO; was investigated. Different
proportion of Ipomoea quamoclit L. leaf extract was mixed
with a fixed concentration of AgNO; and then allowed to stand
for overnight in order to attain complete reduction of AgNO;
under dark condition. The UV-visible spectrum of each reaction
mixture was recorded and the data are presented in Fig. 2. The
AgNPs gave the sharp intensity peak at 420 nm as shown in
Fig. 2. Itis inferred that when increasing the Ipomoea quamoclit
L. leaf extract concentration from 0.1 to 1.0 mL, the absorbance
values also increase. In addition, the synthesis of AgNPs has
been carried out at room temperature at pH 9. It is well known
that AgNPs exhibit reddish yellow colour due to the excitonic
vibration electron due to the surface plasmon resonance (SPR)
of AgNPs. The biosynthesis of AgNPs was performed at room
temperature for 24 h. The colour of the solution was stable for
about one month and then slowly colour changed from orange-
yellow to grey colour. In conclusion, the Ipomoea quamoclit
L. leaf extract exhibit a very good reducing agent as well as a
stabilizing agent. The present method is considered to be one
of the easy ways to synthesis AgNPs in the biogenic approach.
The formation of AgNPs was confirmed from UV-vis analysis
and observed that some antioxidant and bioactive molecules
present in the plant extract are responsible for the reduction of
Ag"to AgNPs (Fig. 3). The different pH ranges of plant extract
for the formation of silver nanoparticles were studied and found
that pH 9 stable silver nanoparticles were formed (Fig. 4). In
general, the biogenic approach of the presence of polyphenol
and flavonoids in the plant extract is responsible for the silver
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Fig. 1. Time evolution of UV-visible spectrum during the formation of silver
nanoparticles from Ipomoea quamoclit L. leaf extract (insert: plot

of time vs. absorbance)
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Fig. 2. UV-visible spectrum of the formation of silver nanoparticles from
different concentrations of Ipomoea quamoclit L. leaf extract (insert:
plot of different concentration vs. absorbance)
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Fig. 3. UV-visible spectrum of the formation of silver nanoparticles from
Ipomoea quamoclit L. leaf extract (insert: colour picture of silver
nanoparticle formed and extract)
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Fig. 4. UV-visible spectrum of the formation of silver nanoparticles from
different pH of Ipomoea quamoclit L. leaf extract (insert: colour
picture of silver nanoparticle formed atdiff pH)

nanoparticles formation and also the unreacted flavonoid and
polyphenol play a vital role to stabilize silver nanoparticles
against aggregation.

XRD spectra: Fig. 5 shows the XRD pattern of green
synthesized silver nanoparticles. The diffraction peaks pattern
observed at 20 values of 38.10°, 44.30°, 66.40° and 75.50°,
which correspond to (111), (200), (220) and (311) plane, respec-
tively. These peaks are consistent with fcc (face-centered cubic)
phase of silver nanoparticles (JCPDS file no: 04-0783) [21-
22]. The particle size of green synthesized silver nanoparticles
can be calculated by using the Debye-Scherrer’s formula [23]
and the observed mean crystalline size of silver nanoparticles
was found to be =32 nm.
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Fig. 5. XRD analysis of silver nanoparticles using Ipomoea quamoclit L.

Surface characterization: Fig. 6a-b show the HR-SEM
images of silver nanoparticles with different magnifications
and observed that the particles are spherical in nature with agglo-
meration between the particles was observed for the synthesized
silver nanoparticles. To obtain more information of size and
shape for the individual nanoparticles dispersed samples can
be used.

Fig. 6¢ depicted the TEM images of the synthesized silver
nanoparticles obtained by the biogenic approach. The particles
are almost spherical in shape with average size ranges of 20-30
nm. To measure the chemical composition of the synthesis of
the silver nanoparticles by this method and the percentage of
silver present in the sample can be measured by energy-dispersive
X-ray spectroscopy as shown in Fig. 6d. The EDX spectrum
clearly shows the presence of silver nanoparticles without any
other major impurities. In addition, a trace amount of some of
the elements such as oxygen and carbon are present in the sample,
which is due to the coexistence of the capping agents

FT-IR studies: FT-IR was employed to investigate the
possible biomolecules efficient stabilization and responsible
for capping of the green synthesized silver nanoparticles. Fig.
7 represents the FT-IR spectra of the silver nanoparticles. The
FT-IR absorbance peaks appeared at 3090, 2320, 1452, 1312,
1158, 1290, 820, and 492 cm™!, which evidenced the nature of
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Fig. 6. HR- SEM images 0f Ipomoea quamocltt L. extract synthes1zed silver nanoparticles in different magnifications (a&b), TEM image (c)

and EDAX spectrum (d)
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Fig. 7. FT-IR spectra of silver nanoparticles formed using Ipomoea
quamoclit L

the stabilizing agent and the mode of binding with silver nano-
particles. The appearance of a peak at 3090 cm™ corresponds
to O-H stretching, which is due to the existence of phenol and
alcohol molecules present in the sample [24]. A peak at 2320
cm’ is assigned for the presence of CH, stretching vibration
and another peat at 1452 cm™ is due to the amide band and also
for C=C stretching [25]. A peak at 1312 cm™ is attributed to the
symmetrical stretching of carboxylate group. The absorption
peaks at 1290 and 1158 cm™ correspond to the -CH,-. The
strong peak at 820 cm™ is due to the C-H out of plane bending
vibration of aromatic ring. The peak at 492 cm™ may be due

to the strong chemical bond between silver and carboxylate
groups [26,27]. From the FT-IR study, it is inferred that the
involvement of some of the bioactive molecules like poly-
phenolic and its analogs play a major role for green synthesis
of silver nanoparticles.

Antibacterial activity: The antibacterial activity of green
synthesized silver nanoparticles was tested against Gram-
negative (Salmonella sp.) and Gram-positive (Bacillus subtilis)
bacteria. The zones of inhibition for Bacillus subtilis and
Salmonella sp. in various concentrations of 50 uL, 75 pL. and
100 uL were found to be around 31 mm, 31 mm, 34 mm, 13
mm,19 mm and 20 mm, respectively. The results indicated
both bacteria have shown efficient minimum inhibitory concen-
trations (MIC) at three different concentrations of green synthe-
sized silver nanoparticles. The diameter of the zone of inhibition
was not changed with increasing the concentration of samples.
The different inhibition zone was achieved by Gram-negative
and Gram-positive, which is due to the binding of silver nano-
particles with the outer membrane of the Gram-negative bacteria.
Due to the chelating ability of silver ion with DNA, which
destroys bacterial cells [25]. The antibacterial results suggest
the green synthesized silver nanoparticles acted moderately
antibacterial agents to treat the infectious disease caused by
Salmonella sp. and Bacillus subtilis pathogens (Table-1).
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Catalytic degradation of textile dyes: The catalytic beha-
viour of the green synthesized silver nanoparticles has been
investigated towards the catalytic degradation of textile dyes.
In present work, methylene blue, malachite green and methyl
orange were chosen as model dyes.

The addition of a catalytic quantity of the synthesized
silver nanoparticles into the dye solution the degradation of
the studied dyes (methylene blue, malachite green and methyl
orange) in presence of excess NaBH, as hydrogen sources.
Herein, silver nanoparticles functioned as an electron sink to
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catalytic degradation of the studied dyes. With the addition of
2 mL AgNPs into the dye solution, the decrease of peak intensity
was observed. The continuous degradation of the studied dyes
was monitored by UV-visible spectral studies. The resulting
decrease in absorbance with respect to the time is shown in
Fig. 8. The complete mineralization of methylene blue, methyl
organe and malachite green was observed within 10, 12 and
22 min time intervals, respectively.

From these catalytic studies, the synthesized silver nano-
particles can be effectively utilized for the degradation of textile
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Fig. 8. Catalytic degradation of textile dyes (a) MB, (b) MO, (c) MG, (d) % of dye degradation of MB, MO, MG and (e) The plot of In(Ay/A,)

versus time for the reduction of MB, MO, MG
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TABLE-1
ZONES OF INHIBITION (mm) VALUES AGAINST THE Bacillus subtilis AND Salmonella sp. FOR SILVER NANOPARTICLES

Zone of inhibition (mm)

Gram-positive bacteria Gram-negative bacteria
Name of the : =
samples Bacillus subtilis Salmonella sp.
A B C D (Std. ampicilin A B C D (Std. ampicilin
(50 puL) (75 uL) (100 uL) 1 mg/mL) (50 pL) (75 uL) (100 uL) 1 mg/mL)
Silver nanoparticles 31 31 34 49 13 19 20 36
TABLE-2
COMPARISON OF DYE DEGRADATION USING AgNps WITH VARIOUS PLANT MATERIALS
Plant Dye Degradation (%) Time (min) Reaction rate Ref.

Medicago polymorpha Methyl orange 97 5 min 6.8x107 s [28]
Calendula officinalis Methylene blue >95 40 min 0.08 min™’ [29]

Methyl orange >95 10 min 0.18 min™!
Imperata cylindrica Methylene blue 92 14 min 0.137 min™* [30]
Polygonum hydropiper Methylene blue - 15 min - [31]
Spicy Jatropha Malachite green - 30 min 1.775 s [32]
Thymbra spicata Methylene blue - - 8.64x107%s [33]
Mussaenda glabrata Methyl orange - - 0.7910 min™' [34]
Mussaenda erythrophylla Methyl orange >50 45 min - [35]
Terminalia arjuna Methylene blue 93.60 - 0.138 min™ [36]

Methyl orange 86.68 0.166 min™
Ipomoea quamoclit L. Methylene blue >95 10 min 0.0564 min’' Current study

Methyl orange >95 12 min 0.02933 min’'

Malachite green >95 23 min 0.00314 min™'

dyes from effluent. The comparison of degradation efficacy
of silver nanoparticles synthesized by various plant materials
is also illustrated in Table-2 [28-36]. Thus, the synthesized
AgNPs from Ipomoea quamoclit leaf extract is highly stable
and can be used as efficient catalyst for decolorization of dyes
(methylene blue, malachite green and methyl orange) as compared
to other plant materials.

Conclusion

In present study, the silver nanoparticles were synthesized
using Ipomoea quamoclit L. leaf extract as the reducing and
capping agent. The adopted method was a simple, eco-friendly,
fast and efficient method for the green synthesis of silver
nanoparticles. Silver nanoparticles with a particle size range
around 32 nm were achieved by using Ipomoea quamoclit L.
and silver nitrate solution at room temperature. The capping
and stabilizing agents such as proteins, aromatic compounds
and phenols present in the synthesized silver nanoparticles
were confirmed by FT-IR spectra and UV-visible spectroscopy.
The synthesized silver nanoparticles also exhibited a moderate
antibacterial activity against tested bacteria (Bacillus subtilis
and Salmonella sp.).
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