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Abstract
The biogenic synthesis of silver nanoparticles (AgNPs) has attracted many researchers due to their physical, chemical, 
optical, and biological properties, embracing a range of activities such as antibacterial, antifungal, anti-inflammatory, and 
anticancer activities. The purpose of this work is to synthesize and characterize AgNPs using Argyreia nervosa (AN) plant 
leaf extract, as well as to test their antimicrobial applications. In this work, silver nitrate (AgNO3) at 0.1 mM concentration 
and stable AgNPs were synthesized and observed by monitoring the color change of the solution from light yellow to brown. 
The UV–Vis spectrum shows a peak at 445 nm, confirming the formation of AN-AgNPs and Fourier transform infrared 
(FTIR) results confirm the presence of chemical groups which act as reducing agents stabilizing the AN-AgNPs and anti-
microbial capping agents enhancing antimicrobial properties of AN-AgNPs. The crystalline behavior of these AN-AgNPs 
is confirmed through X-ray powder diffraction (PXRD) peaks. The morphology of AN-AgNPs and their sizes were studied 
(sizes range from 10 to 40 nm) using scanning electron microscopy (SEM). The disk diffusion assay shows the antimicrobial 
activity over Escherichia coli pathogenic microorganisms of clinical interest. The obtained results confirm a more significant 
antimicrobial effect of the biogenic AN-AgNPs maintaining low cytotoxicity. This work presents a potential way to produce 
non-toxic biogenic AgNPs with enhanced antibacterial activity, which can meet the increasing global demand for biogenic 
AgNPs as an alternative to antibiotics.
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Introduction

The nano-material research encourages designing different types 
of nano-scale devices. Nanoparticles (NPs) with a size range of 
1–100 nm and different shapes provide unique physical, chemi-
cal, optical, and biological properties [1–3]. Nanotechnology is 
the most used research field in translational research that inte-
grates all disciplines of engineering and sciences. Nanotechnol-
ogy has created many opportunities in all material industries such 
as electronics, biotechnology, healthcare, agriculture, and tissue 
engineering [4–6]. Metal nanoparticles have gained attention 
for biomedical applications due to their multifunctional proper-
ties. Extensive research has been done on silver nanoparticles 
(AgNPs) owing to their broad range of industrial applications 
such as water purification, antimicrobial, medical devices, sen-
sors, and the food industry [7–12]. The chemical and physical 
methods are used in the synthesis of metal nanoparticles, but they 
are capped or stabilized with hazardous chemicals [13]. Alter-
natively, green synthesis is the best method because of the low 
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toxicity, low cost, eco-friendly, and easy processing [14–16]. Fur-
thermore, plants, leaves, and fruits are easily available resources 
of bioactive phytochemicals such as proteins, polyphenols, fla-
vonoids, alkaloids, amines, ketones, and aldehydes, which act 
as reducing, stabilizing, and capping agents in the process of 
conversion of metal ions to metal nanoparticles, leading to the 
high production of metal nanoparticles with multifunctional 
properties. Among various metal nanoparticles, AgNPs have 
been placed as the top priority for the last two decades due to 
their unique applications in material, medical, and biomedical 
industries such as antimicrobial, anticancer, and photo-catalytic 
activity [17].

Plant-mediated and microorganisms are two primary 
sources to synthesize metal nanoparticles. Most plants have 
been found medically important to cure different diseases. 
Synthesized metal nanoparticles using plant leaf/root/fruit 
extracts are more advantageous than the synthesis of metal 
nanoparticles using microorganisms, since it does require 
complex processes such as isolation, culture maintenance, 
and many purification steps. With this, it has become a major 
focus for researchers to develop the green synthesis of metal 
nanoparticles using different parts of plants (leaf, peel, fruit, 
root, and flowers) [18–24]. The phytochemicals present in the 
plant extract play an important role in the process of conver-
sion of metal ions into stable metal nanoparticles with poten-
tial applications [25–34].

Recent studies have been focused on the green synthesis of 
AgNPs using different plant leaves, but the biogenic of AgNPs 
using indigenous plant extracts exhibiting potential antibac-
terial and anticancer activity has not been studied to a large 
extent. Argyreia plant (AN) shows medicinal values such as 
antioxidant, antiulcer, antimicrobial, and antiviral. AN plant 
leaves have been used to treat diseases of the nervous system. 
With this knowledge of AN plant leaves, the synthesized sil-
ver nanoparticles using AN plant leaf extract help to study a 
potential effect of antimicrobial activity.

In this work, AgNPs were synthesized using AN leaf 
extract, where various phytochemical compounds present in 
AN were involved in the reduction of metal ions into metal 
nanoparticles (MNP) [35–45] The synthesized (AN-AgNPs) 
silver nanoparticles were characterized by using ultraviolet 
(UV)-Vis spectrometry, Fourier transform infrared (FTIR), 
X-ray powder diffraction (PXRD), scanning electron micros-
copy (SEM), and zeta potential. The antibacterial activity of 
the AN-AgNP was studied using the disk diffusion method.

Materials and Methods

Materials

Argyreia nervosa leaves were obtained from an herbal 
garden in the Hyderabad, India. All other chemicals such 

as silver nitrate and acetone were purchased from Sigma 
Aldrich, Bangalore, India.

Methodology

Argyreia nervosa (AN) leaves were cleaned and dried 
for a few days in normal sunlight. Then, AN leaves were 
grounded to make powder and 1 g of AN powder was 
added to 100 ml water. The mixture was heated for 30 min 
at 60 °C temperature under magnetic stirring of 500 rpm. 
Two hundred milliliters of silver nitrate solution with con-
centration 0.1 mM was prepared under magnetic stirring of 
500 rpm at a temperature 80 °C. Then, AN extract solution 
was filled in the burette and added drop wise to 200 ml 
silver nitrate solution at 80 °C under 500 rpm magnetic 
stirring. The AN-AgNPs samples were collected with dif-
ferent concentrations. Finally, AN-AgNPs were separated 
by centrifugation (5000 rpm) and allowed to dry at 50 °C 
for further characterization process. The synthesis process 
is shown in Fig. 1.

Characterization of AN‑AgNPs

UV Spectroscopy

The UV–Vis was used to see the formation of AN-AgNPs 
particles. The AN-AgNPs solution was scanned over 
the range of 250–800 nm by using a UVJASCO V-750 
spectrometer.

Fourier Transform Infrared (FTIR) Spectroscopy

The IR spectra of AN leaf aqueous extract and the centri-
fuged AN-AgNPs sample were used to identify the possible 
phytochemical and biomolecules constituents involved in 
the synthesis and capping of AN-AgNPs. The samples were 

Fig. 1   Green synthesis process of AN-AgNPs



1077Plasmonics (2023) 18:1075–1081	

1 3

analyzed by IR Thermo Fisher Nicolet iS5. The spectra were 
recorded from 400 to 4000 cm−1.

Scanning Electron Microscopy (SEM)

FE-SEM was used to characterize the morphology and parti-
cle size of AN-AgNPs. A thin film of oven-dried AN-AgNPs 
sample was prepared and used over a carbon-coated copper 
grid via a ZEISS Merlin Compact instrument operated at an 
accelerated voltage of 20 kV.

Zeta Potential and Zeta Seizer

The zeta potential of particles was analyzed by using the 
Zeta-sizer Nano-ZS. Measurements were carried out at 
25 °C temperature in an aqueous media. The zeta potential 
was calculated from the electrophoretic (charge) mobility 
based on the Smoluchowski theory.

X‑ray Powder Diffraction

The structure of nanoparticles was analyzed by using the 
XRD Bruker D8 Advance. The Miller indices and d-spacing 
were calculated from the PXRD data and data matching was 
done using X pert high Score software and then structure 
details were analyzed.

Antibacterial Activity of AN‑AgNPs on EPEC by Evaluating 
the Disk Diffusion Method (DDM)

To detect the antibacterial potential of green synthesized 
AN-AgNPs against enteropathogenic Escherichia coli 
(EPEC), gentamycin is recommended to be used as one 
of the positive controls to test antimicrobial effect and 
Luria–Bertani broth (LB broth) is used as the negative con-
trol. EPEC (100 µl of OD 600 = 1) is plated on LB agar 
plates and disks coated with 50 µl of AN-AgNPs are placed 
and incubated for 12 h along with AN leaf extract control at 
37 °C. The zone of inhibition is measured by calculating the 
diameter of the clear zone in cm.

Results and Discussions

The phytochemicals and biomolecules present in the extract 
could help to form active sites on the capping of metal nan-
oparticles. These flavonoids can donate an electron, and 
phenolics exhibit a chelating effect (a chemical compound 
that can bind tightly to metal ions) on the metal ions, which 
could be responsible for reducing metal ions into metal 
nanoparticles. The characteristics of metal nanoparticles 
were studied using UV–Vis, FTIR, SEM, EDX, PXRD, and 
antibacterial activity [37].

Fourier Transform Infrared (FTIR) Spectroscopy

The FTIR spectra of the AN aqueous extract and AN-
AgNPs were recorded to identify the probable biomol-
ecules and phytochemical functional groups which could 
be responsible for the reduction and stability of AgNPs. 
The phytochemical profile of AN extract aqueous shows 
transmission peaks at 496, 595, 1300, 1670, 2363, and 
3308 cm−1, respectively (Fig. 2). The phytochemical pro-
file of AN-AgNPs shows suppression of all transmission 
peaks except at 1670 and 3308 cm−1. The FTIR band at 
3308 cm−1 is assigned to the intermolecular H bands, most 
probably water molecules and 1670 cm−1 is attributed to 
N–H stretching in amines, and C = 0 stretching of ketones 
or acids. All the vibrational peaks in the AN extract spec-
trum were suppressed, and we observed more transmission 
peaks. The phenolic structure in plant leaf extract plays a 
vital role in reducing and stabilizing metal ions into metal 
nanoparticles. The abundance of the alcohol group makes it 
a powerful antioxidant and a strong reducing agent for the 
formation of metal nanoparticles. Furthermore, the biomol-
ecules in the plant leaf extract play a dual role of reducing 
and capping of formation of AgNPs.

UV–Vis Absorption Spectroscopy

The formation of AgNPs was first identified by a visual 
color change in AgNO3 and with a control drop rate of AN 
extract in AgNO3 solution, as time increased. The color 
of the mixture gradually changes from yellowish to brown 
confirming the formation of AN-AgNPs. This might be 
due to the reduction of the silver ions leading to the exci-
tation of surface plasmon resonance (SPR) of the AN-
AgNPs. To confirm this, the UV–Vis absorption spectra 
(wavelength range: 200–700 nm) was recorded from each 
synthesized set of AN-AgNPs at different concentrations. 

Fig. 2   FTIR spectrum of AN and AN-AgNPs
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Biogenic AN-AgNPs show the maximum absorbance at 
445 nm which shows stable range for AgNPs formation. 
The AN-AgNPs colloidal solution shows distinct peaks 
from 442 to 450 nm for different AgNP concentrations. 
The UV–Vis scan of the sodium-citrated stabilized AgNPs 

colloidal solution shows peak at 430 nm [35]. The AN-
AgNPs colloidal solution observed distinct peaks from 
470 to 490  nm for different AgNPs concentrations. It 
was observed that AN stabilized AgNPs colloidal solu-
tion absorption peak shifted from shorter wavelengths to 
longer wavelengths, and it might be due to the size varia-
tion of metal nanoparticles leading to change of specific 
surface area (inserted in Fig. 3).

Scanning Electron Microscopy

The morphological study of biogenic AN-AgNPs was inves-
tigated by field emission scanning electron microscopy (FE-
SEM). Figure 4 shows the presence of spherical shape metal 
nanoparticles with different sizes ranging from 30 to 40 nm. 
The average particle size was measured to be approximately 
20 nm. The particle size distribution was calculated from a 
histogram, considering 200 particles, from which, the aver-
age AN-AgNPs size was measured using the Image-J soft-
ware. The metal nanoparticles were well dispersed and not 
in direct contact with each other, which could be explained 
by the stabilizing action of capping agents present in the AN 

Fig. 3   UV spectrum of AN-AgNPs

Fig. 4   SEM images of AN-AgNPs
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extract. This clearly shows that particles are dispersed in a 
homogeneous manner and play an important role in different 
biomedical activities. The FE-SEM confirms that the metal 
nanoparticles were dispersed in uniform distribution with 
spherical shapes of the silver nanoparticles.

Zeta Potential and Zeta Seizer

The change of zeta potential as a function of AN-AgNPs 
concentration is shown in Fig. 5. The surface potential of 
metal nanoparticles is the potential difference between the 
medium where the metal nanoparticles are dispersed and 
the accessible surface of dispersed metal nanoparticles 
which can be analyzed using zeta seizer. This property 
plays an important role to understand the surface interac-
tion of metal nanoparticles and indicating the long-term 
stability of the dispersion. The zeta potential of AN-AgNPs 
shows stability as the function of AN-AgNPs concentra-
tion. Figure 5 shows that zeta potential value of biosyn-
thesized AN-AgNPs was found to be −21 mV. For syn-
thesized nanoparticles, the values of zeta potential greater 
than + 25 mV or less than −25 mV have high degrees of 
stability. It indicates that the AN-AgNP particles show 
highly stable in colloidal solution.

X‑ray Powder Diffraction (PXRD) Analysis

The crystalline nature of biogenic AN-AgNP nanopar-
ticles was confirmed by X-ray diffraction pattern. The 
phase matching was done through X-pert high score plus 
software and data were collected through the PXRD 
instrument, with Cu Kα radiation (λ = 0.1541 nm) over 
the processing range 2θ = 10–90°, with a step of 0.02°. 
The PXRD pattern of biosynthesized AN-AgNPs (Fig. 6) 
shows several peaks, where the four main peaks are 
located at 38°, 44.3°, 64°, and 77.2°, corresponding 

to the (111), (200), (220), and (311) reflection planes, 
respectively, to the structure of face-centered cubic (FCC) 
crystal of silver (JCPDS, No. 04–0783) [46]. In addition 
to Braggs peaks for silver nano-crystal, additional peaks 
were observed at 16.9°, 29.6°, and 33.6°. The presence of 
these additional peaks might be due to AN extract which 
contains biomolecules suggesting that the crystallization 
of bio-organic phase occurs on the surface of AgNPs. On 
the basis of Bragg’s diffraction angle (2θ) and the full 
width of half maximum (β) for more intense peaks (111), 
corresponding average crystalline size was calculated as 
22 nm. The average size of the crystalline was calculated 
based on the Debye–Scherrer equation. The details of 
lattice parameters, cell volume, and crystalline size are 
mentioned in Table 1.

The size of the crystalline AN-AgNPs was calculated 
using the Debye–Scherrer formula.

where λ is the X-ray wavelength (0.1541 nm), β is the full 
width of half maximum (FWHM) (line broadening at half 
maximum) in radians, and 2θ is the Bragg’s angle. Crystal-
line size for all planes is mentioned in Table 1.

Antibacterial Activity

The antimicrobial activity of the aqueous AN plant’s  
leaf extract and biogenic AN-AgNPs was carried out  
by the disk diffusion method against pathogenic organ-
ism E. coli, Luria–Bertani broth (negative control) 
[47–49], and gentamycin (positive control) as shown in  
Fig. 7. AN-AgNPs showed higher antibacterial activity 
in terms of zone of inhibition against E. coli when com-
pared to the aqueous leaf extract of AN. The zone of 
inhibition was observed 11 mm for all concentration of 

(1)Crystalline size (D) =
0.9�

�Cos�

Fig. 5   Zeta potential as a function of GT-AgNPs

Fig. 6   PXRD pattern of AN-AgNPs: face-centered cubic (FCC) crys-
tal structure of silver
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AN-AgNPs within the error bars against E. coli and this 
concentration of AN-AgNP is efficient enough to remove 
bacteria colony. The aqueous leaf extract did not show 
antibacterial activity. The zone of inhibition on bacterial 
strain was measured after 12 h of incubation at 37 °C. 
The zone of inhibition on bacterial strain is shown in 
Fig. 8 as a function AN-AgNPs concentration.

Conclusions

In this work, the green synthesis of silver nanoparticles from 
Argyreia nervosa (AN) plant’s leaf extract was observed 
under UV–Vis spectroscopy at 445 nm and the biomolecules 
involved in the reduction of Ag+ ions to Ag nanoparticles 
were identified using FTIR spectroscopy. The crystalline 
nature of silver nanoparticles was confirmed using XRD 
study. AgNPs are found to be very effective to act as an 
antibacterial agent. As these nanoparticles are non-toxic and 
safe in vivo studies, the green synthesized silver nanoparti-
cles can be used for the treatment of different diseases. The 
antibacterial activity of prepared AN-AgNPs was evaluated 
using disk diffusion assay and these AN-AgNPs showed 
potential antibacterial activity against the enteropathogenic 
E. coli bacteria strain. Our findings open one potential path 
to produce biogenic AgNPs, to meet the increasing global 
demand for their applications as an alternative to antibiot-
ics. However, there must be more experiments be carried 
out to find the evaluation of efficacy on animals as well 
as human beings and further research on AN-AgNPs is 
needed to explore potential applications in bio-nano-medical 
technology.
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Table 1   Crystalline parameters for different planes

S.NO Planes (hkl) 2θ FWHM (β) radians Interplanar 
spacing (d)

Lattice  
constant (a)

Cell volume 
(a3)

Crystalline size (D) nm 
kλ/βCosθ; k–0.9; λ–0.1541

1 111 38 0.0066 2.2 4.1 64 22
2 200 44 0.0041 2.1 4.2 74 36
3 220 64 0.0075 1.5 4.2 74 22
4 311 77 0.0058 1.3 4.3 79 31

Fig. 7   Antimicrobial susceptibility conducted through disk diffusion 
method. Zones of inhibition of different concentrations of biogenic 
AN-AgNPs showed against E. coli, AN extract, LB broth (negative 
control), and gentamicin (positive control)

Fig. 8   Zones of inhibition is the function of concentrations of bio-
genic AN-AgNPs against E. coli 
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