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ABSTRACT

Environment-friendly synthesis of silver nanoparticles is done by using Cyperus difformis flower
extract. The AgNPs were synthesized by using a simple and cost-effective method. The synthesised
AgNPs were characterized by using FTIR, XRD, FE-SEM/EDS, HR-TEM, ICP-AES and TGA. The
HR-TEM shows particle size in the range of 4.03965+215.32112 nm-54.42014+4.13582 nm. The
particle size of AgNPs by using HR-TEM analysis have good agreement with XRD analysis. These
AgNPs show remarkable results for Anticancerous activity and antioxidant activity. The
Anticancerous activity of biosynthesized AgNPs suggests their possible application in the medical
industry.
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Abbreviations
AgNPs: Silver nanoparticles
AgNO3: Silver nitrate
nm: nanometer
mm: millimetre
FTIR:Fourier Transform Infrared Spectroscopy
XRD: X-Ray Diffraction
FE-SEM: Field Emission Scanning Electron Microscope
HR-TEM: High Resolution Transmission Electron
Microscope
TGA:Thermo Gravimetric Analysis
DPPH: 1, 1-diphenyl-2-picryl-hydrazil

GRAPHICAL ABSTRACT

INTRODUCTION

Nowadays applicability of nanoparticles has great
attention in the field of nanomedicines (Yohan and
Chithrani, 2014) and catalysts (Manjare et al., 2022).

The nanoparticles usually are ranging from 1 nm to
100 nm (Manjare et al., 2021). Nanoparticles have a
high surface-to-volume ratio with smaller sizes. A
specific surface area of nanoparticles enhances the
catalytic reactivity (Sharma et al., 2017) and other
related activity such as antimicrobial activity
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(Abdel-Aziz et al., 2014) and antioxidant activity
(Abdullah et al., 2020) etc.

A lot of reviews are available on metal
nanoparticles (MNPs) such as Pd (Manjare and
Chaudhari, 2020a), (Manjare and Chaudhari, 2020b)
and  Ru (Pan et al., 2001), (Gopinath et al., 2014), Au
(Rodríguez-león et al., 2019) and Ag (Rautela et al.,
2019), (Herbin et al., 2022) as a catalyst used in
coupling reaction, oxidation and reduction reactions
due to excellent activity and high specificity and
good selectivity. Among the Nobel metals silver is
one of the great choices due to its superior
environment-friendly properties.

Generally, metal nanoparticles are produced by
using either the physiochemical (Manjare et al.,
2020), (Abbas et al., 2019), (Sreedhar, Surendra
Reddy, and Keerthi Devi 2009) or green method
(Shah et al., 2021), (Gnanadesigan et al., 2011),
(Singhal et al., 2011). The biosynthesis of AgNPs
using extract of leaves of Artocarpus heterophyllus
(Manjare, Paranjape, et al., 2020) and Carissa carandas
(Manjare, Sharma, et al., 2020) has been reported.

In the present study, a flower extract of Cyperus
difformis is used as a suitable source for the
biosynthesis of AgNPs. To the best of our
knowledge, there has been no report on the
biosynthesis of AgNPs using Cyperus difformis as a
stabilizing, capping-reducing agent.

MATERIALS AND METHODS

All the chemicals were purchased from Hi Media,
Ratnagiri, Maharashtra, India and used without
purification. Solvents were dried by standard
methods and is used for reactions Cyperus difformis
flower were collected from Pawas, Dist-Ratnagiri,
Maharashtra.

Preparation of Cyperus difformis flower extract

In a 250 ml beaker, 10.0 gm of powder of Cyperus
difformis flower was added to 100 ml of distilled
water. This mixture was boiled for 15 minutes. Then
this hot homogenous mixture was filtered through
Whatman filter paper 1. This filtrate was cooled at
room temperature and centrifuged at 2500 rpm for
10 minutes. The supernatant liquid was collected in
a stoppered bottle. This liquid was stored in the
refrigerator at 50 °C for further use.

Synthesis of AgNPs from Cyperus difformis flower
extract

The 10.0 ml of Cyperus difformis flower extract was

mixed with 27.5 ml of 0.1 N AgNO3 solutions in 250
ml two necked round bottom flask. This
homogenous mixture was kept in an oil bath
attached to reflux condenser and it was stirred with
the help of an overhead stirrer at 500 rpm at 90 oC
temperature. The colour of the mixture was changed
from colourless to brownish-black. This proves the
formation of AgNPs. This stirred reaction mass was
filtered through the Whatman filter paper 41. These
fine AgNPs were dried in a hot air oven at a
temperature 55+5 oC for 15 minutes.

Antioxidant activity

The free radical activity of AgNPs was measured by
using DPPH (1, 1-diphenyl-2-picryl-hydrazine)
(Jadid et al., 2017). The 2 mM of DPPH solution was
prepared by taking 0.034 gm of DPPH (1, 1-
diphenyl-2-picryl-hydrazine) into 50 ml methanol.
The 2.0 ml of methanol and 1.0 ml of DPPH solution
were mixed. In this mixture, the 50 microlitreAgNPs
sample solution was added. This was kept in dark
condition for 30 minutes. The absorbance was
measured at wavelength 517 nm. Ascorbic acid was
used as a standard. The radical scavenging assay
was calculated by using the following formula-

Radical Scavenging Assay=

Absorbance of control-Absorbance of sample
× 100

Absorbance of control

The IC50 values were calculated by using linear
regression analysis and used to indicate the
effectiveness of the antioxidant activity.

Anticancerous Activity

The cytotoxicity of the AgNPs was assessed by using
the human skin cancer cell line A375.The skin cancer
cells were trypsinized and aspirated into15 ml
centrifuge tube. The cell count was adjusted using a
DMEM medium. From this method, 10,000 cells
were separated and incubated. Each cell plate is
further incubated at 37 oC at a 5% CO2 atmosphere
for 24 hours. After 24 hours the skin cancer cell lines
(A375) were aspirated. The different test
concentrations (20, 40, 60, 80 and 100 g/ml from
stock). These plates were incubated at 37  oC and 5%
CO2 atmosphere for 24 hours. These plates were
removed from the incubator and drug-containing
media is aspirated. Then 10% MTT reagent is added
in each well and further incubated at 37 oC and 5%
CO2 atmosphere for 3 hours. The culture medium
was removed and then 100 l of solubilisation
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solution (DMSO) was added and further it was
gently shaken in a gyratory shaker. The formazan is
formed. The absorbance was measured by using a
microreader at wavelengths 570 nm and 630 nm.
The IC50 value was measured by using a dose-
response curve for cell lines.

Measurement and characterization

The FTIR (Fourier Transform Infrared) spectrum
was acquired using the KBr pellet technique on a
3000 Hyperion microscope with vertex 80 FTIR
system from Brucker, Germany. Brucker D2 Phaser
diffractometer with Cu Ká radiation (=1.5406) was
used to capture powder X-ray diffraction (PXRD)
patterns. The diffraction pattern was observed in the
range of 20-90° range. Field Emission-Scanning
Electron Micrographs (FE-SEM) were obtained on a
JSM-7600F microscope coupled with an EDX
spectrometer. For the elemental analysis, energy
dispersive X-ray spectroscopy (EDS) was utilised in
conjunction with FE-SEM. HR-TEM analysis was
performed with FEI, Tecnai G2, and F30 microscope.
HR-TEM technique gives the size and morphology
of nanoparticles. The inductively coupled plasma
atomic emission spectrometer was used to find Ag
content in AgNPs. This analysis was performed on
SPECTRO Analytical Instruments GmbH, Germany.
For ICP-AES analysis, AgNPs solution was
dissolved in concentrated HNO3 and concentrated
H2SO4, and then the Ag concentration of the solution
was determined on the ICP-AES instrument.

RESULTS AND DISCUSSION

FTIR analysis

The functional groups present in the AgNPs were
characterized by using FTIR. The FTIR spectrum is
shown in Figure 1. The FTIR spectrum of AgNPs
shows a strong absorbance at 3730.62 cm-1 for
stretching. The infrared band at 34.41.36 cm-1 for -
OH stretching. The strong vibrations at 2918.52 cm-
1 to 2850.26 cm-1 are due to the presence of -CH
stretching frequency. The infrared bands at 1606.84
cm-1 correspond to the C-N stretching of amine I
bands of amines or aliphatic amines. The absorption
peaks at 1577.35 cm-1 and 1432.61 cm-1 were
characteristics of an amide bond. The structure of
AgNPs was confirmed by -NH stretch, -OH stretch,
-CH stretch, -CN stretch for alkaloids, terpenoids,
flavonoids and proteins in the extract which acts as
a reducing and stabilising agent.

XRD analysis

The XRD spectrum of prepared AgNPs is shown in
Figure 2. The powered XRD analysis was come out
to examine the structure of AgNPs the distinct peaks
of AgNPs were observed at 2˜ of 38.036,
46.082,64.531,76.838 (JCPDS file No.-04-0783) which
demonstrated the crystallographic planes(III). Four
unassigned peaks are marked with ‘“ were observed
in the XRD spectrum of AgNPs. Theses peaks may
be due to the crystallisation of bioorganic phase
observed during the synthesis of AgNPs. The
crystalline size of AgNPs determined by using

Scherrer formula: -D= . The crystallite size of

AgNPs is found that 1.3nm.

Fig. 1. FTIR spectrum of prepared AgNPs

Fig. 2. X-ray diffraction pattern of AgNPs

FE-SEM and EDS analysis

FE-SEM analysis

FE-SEM image of the sample are shown in Figure 3.
The FE-SEM images shows flakes like morphology
there is agglomeration of grains visible in FE-SEM
images these flakesbreaks into small particles
having face centered cubic (FCC) in shape. EDS data
of AgNPs is shown in Figure 4. EDS was use to find
the elements present in the given sample. EDS data
confirms the presence of elements K, Ag, Mg, Al, Fe
and O.
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HR-TEM Analysis

The high resolution transmission electron
spectroscopy (HR-TEM) of AgNPs is shown in the
Figure 5 [a), b),c) and d)]. The histogram of the
particle size distribution shows average particle size
distribution in the range of 4.03965+215.32112 nm-
54.42014+4.13582 nm. The HR-TEM images show
dark spot. These figures confirm the AgNPs are
small sized. HR-TEM images shows that this AgNPs
have a spherical in shape. This result of HR-TEM
shows good agreement with XRD values.

 TGA analysis

TGA, DTA and DSC spectra have been recorded in
temperature range from room temperature to 900 °C
using simultaneous thermal system. The
thermogravimetric analysis is carried out to find the
thermal stability of AgNPs.A ceramic (Al2O3)
crucible was used for heating and measurements
were carried out in air atmosphere at the heating
rate of 10 °C/min.The TG- DSC graph of AgNPs is

shown in Figure 6a) and TG-DTA graph is shown in
Figure 6b). This graphs shows that there is a no
weight loss below 200 °C. The TGA plot of AgNPs
exhibit that four step weight loss is observed upto
900 oC. The first weight loss observed is 10.14% at
temperature 82.39 oC. This weight loss is for removal
of physically adsorbed water on the surface of
AgNPs (Khan et al., 2011). The next minimal weight
loss observed is 2.887% at 227.32 oC. This weight loss
corresponds with removal of organic content. The
third weight loss of 15.52% is observed at 475.21oC
due to removal of inorganic content on the surface of
AgNPs. The fourth step weight loss is observed at
600oC due to elimination of inorganic content.
Finally, the 45.96% is the stable residue content of
AgNPs. From TG-DSC graph Figure 6a), a sharp
exothermic peak at 400 °C could be noted along
with two small endothermic peaks, one at 500 °C
and the other at 900 °C corresponding to the melting
point of metallic silver (Kota et al., 2017). From TG-
DTA plot Figure 6b), displays an intense exothermic
peak between 200 °C and 300 °C which are mainly
attributed to crystallization of silver nanoparticles.
According to this investigation, the synthesised
AgNPs have good thermal stability up to 900 °C.

ICP-AES analysis

The Ag content of AgNPs was calculated by using
ICP-AES technique. The Ag content calculated by
using ICP-AES in 500 mg is found to be 205 mg. This
result shows good ion porosity for prepared AgNPs.

Fig. 3. FE-SEM analysis of prepared AgNPs

Fig. 4. EDS graph of prepared AgNPs



SYNTHESIS OF PLANT-MEDIATED SILVER NANOPARTICLES USING CYPERUS DIFFORMIS 409

Fig. 5. HR-TEM analysis and particle size distribution of distribution of AgNPs [a), b), c) and d)]
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Antioxidant activity

The lower the IC50 value the higher is the antioxidant
activity of testing sample (Jadid et al. 2017). The
significant antioxidant potential was measured by
DPPH (1, 1-diphenyl-2-picryl-hydrazil) as a radical
scavenging capacity. The antioxidant activity
observed for AgNPs is IC50=58.45 g/ml. This
shows significant activity for prepared AgNPs. The
DPPH assay graph is as shown in Figure 7.

Anticancerous activity

The cytotoxicity activity of AgNPs was tested
against the skin cancer celllines (A375). The dose
response curve is shown in Figure 8 [a) and b)]. The
results obtained for A375celllines after 24 hours
reflects a IC50 is 66.15 g/ml. The AgNPs dose for
A375 celllines is more pronounced and effective.

CONCLUSION

The AgNPs were synthesized by using
environment-friendly and easy step. The AgNPs
was successfully prepared by using Cyperus difformis
flower extract as a reducing and stabilizing agent. It
is observed that the AgNPs yield is good (80%). The
FTIR analysis confirms that the groups present in
alkaloid and terpenoids. These groups act as a
reducing agent for synthesis of AgNPs. The
synthesized AgNPs shows good antioxidant
property with IC50=58.45 g/ml. The AgNPs dose
for skin cancer celllines shows remarkable results
with IC50 value as 66.15 g/ml. As a result of these

Fig. 6. a) TG-DSC analysis of prepared AgNPs Fig. 6. b) TG-DTA analysis of prepared AgNPs

Fig. 7. DPPH assay graph of prepared AgNPs

Fig. 8a). (a) Cytotoxicity of AgNPs against human Skin cancer cell line A-371
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findings, it is possible to cure skin cancer with
AgNPs derived from Cyperus difformis flower
extract.
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