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Abstract

The utilization of plant extracts in the biogenic amalgamation of metallic silver nano-particles is
a nature-friendly approach compared to the classical methods adopted earlier. The current study involved
the bio-synthesis of AgNPs using Kalanchoe pinnata leaf extract. The presence of phyto-constituents
in the leaf extract revealed the reducing ability of Kp-AgNPs followed by nucleation. Physicochemical
characterization techniques viz. scanning electron microscope (SEM), Fourier-transform infrared
spectroscopy (FTIR), transmission electron microscopy (TEM), UV-vis spectroscopy, electron
diffraction studies, and zeta potential gave spectra at 400 nm with surface morphological features
in the form of spherical AgNPs, detection of functional groups, and interaction between the particles
in the aqueous leaf extract. Moreover, Kp-4gNPs were effective in inhibiting different bacterial strains.
Hence, it can be inferred from this study that AgNPs have an inclusive range of applications, including

the fabrication of biomedical, optical, and electronic devices.
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Introduction

Nanotechnology has attracted the attention of researchers
over the past ten years, among which numerous types
of nanoparticles have always been in the limelight of readers,
among which silver nanoparticles have gained considerable
importance [1]. Outstanding to the biological, physical,
chemical, and optical characteristics and their extensive use
in drug delivery in the form of topical creams & lotions,
nanoparticles have found profound usage in the electrical,
optical, food, and beverage industries, agricultural sectors,
textile industry, and wastewater management [2]. In most
studies and reviews [3—6], multiple physical, biological,
and chemical processes have been described as ways to
produce AgNPs. Each of these techniques varies in its
number of benefits and drawbacks depending on how it is
applied. For example, chemically produced nanoparticles
(NPs) can be immediately employed for requirement
analysis [7]. The development of antimicrobial agents
and other alternative forms of medicine is driven by the rapid
rise in drug resistance to existing antibiotics, increased
likelihood of microbial infections, and rapid evolution
via mutations [8—11]. Advances in nanotechnology have
resulted in the fabrication of nano-particles with strong
anti-bacterial properties that are effective against infections
and drug resistance, providing a platform to fight against
microbial transformation [12, 13]. Metal nanoparticles are
used in some of the most cutting-edge nano-technological
applications, and because of their distinct mode of action,
they provide the most successful outcomes [14]. Ag
nanoparticles at the nanoscale offer an improved surface
volume ratio and are regarded as an interesting study when
compared to other metals in their nanoscale ranges because
of their powerful antimicrobial potential against bacterial
and fungal strains [15—17]. Moreover, the methodology

adopted for biofabrication is helpful against bacteria that
are both multidrug sensitive and resistant, together with
resistant (methicillin) Staphylococcus aureus, resistant
(vancomycin) S. aureus, resistant (ampicillin) Escherichia
coli and Pseudomonas aeruginosa [18]. AgNPs can be
obtained from various medicinal plants [19, 20]. Kalanchoe
pinnata (Bryophyllum pinnatum), a plant (medicinal)
belonging to the Crassulaceae family, often referred to
as patharchatta, has been used in Ayurvedic medicine
since primeval times [21, 22]. This plant is widespread
in countries, such as India, Hawaii, Australia, and tropical
Africa. Plant parts, such as stems, roots, and leaves, are
utilized for the formation of nano-particles. Alkaloids,
flavonoids, phenolic compounds, and glycosides are among
the molecular groups found in plants, which offer additional
properties, mainly anti-bacterial, anti-inflammatory, anti-
viral, anticancer [23], antilithic [24, 25], and wound healing
properties [26]. The features of the nano-sized particles
generated from plant extracts are influenced by a number
of variables, like reaction duration, pH, and temperature,
but the type of macromolecules in the phytochemistry
may be an important element in the bioprocess [27-29].
Due to the existence of bio-reducing agents required
for the synthesis viz. polyphenols, terpenes, flavonoids,
carbohydrates, peptides, alkaloids, specific enzymes,
and amino acids. Moreover, the chosen extract is important
for understanding the concept of nanoparticle synthesis via
plants [30]. A crucial aspect of environmentally friendly
manufacturing of AgNPs is the decrease of silver ions
in the AgNO; solution using plant extracts. Two distinct
phases were identified in the process of preparation
of nanoparticles: the nucleation period, during which
the Ag ions use a high activation energy to form small
nuclei, and the growth condition, during which the small
nucleus is clustered and thus aids in the development
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Fig. 1. Important phyto-active constituents of K. pinnata.
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Fig. 2. Kalanchoe pinnata.

of nanoparticles [31, 32]. Owing to the reduction potential
of metallic Ag, chemically stable particles can be generated
and synthesized in aqueous solutions [33-35], as shown
in Fig. 1. In our study, silver nanoparticles (spherical) were
fabricated using K. pinnata leaf extract and biological
activity & physiochemical characterization techniques
demonstrated the ability of K. pinnata to form AgNPs.
In addition, the spectral characterization of the plant has
been reported for its anti-bacterial activity against bacteria
capable of retaining stains.

Materials and Methods
Phytochemical Constituents of Kalanchoe Pinnata

Flavonoids, glycosides, lipids, cardenolides,
bufadienolides, triterpenes, steroids, and alkaloids were
abundant in K. pinnatum. Bufadienolides, which are a group
of active compounds, were abundant in the leaves (Fig. 2
and 3). Bufadienolides, such as bryotoxins A, B, and C,
are functionally and structurally similar to two or more
digoxins, cardiac glycosides, and digitoxins.

Extraction

Twigs of K. pinnata were first washed with running
tap water and then brushed twice with double distilled
water. The leaves were dried and ground, and a 100 mL
methanol sample was dissolved in 13 g of K. pinnata

Fig. 3. Powder form of leaves.

powder overnight. Before filtering the extract, the fluid was
macerated and collected in a glass bottle with a cork after
being filtered using filter paper, and then poised in a glass
container with a cork. To obtain the powder, methanol
was evaporated in an oven for approximately an hour at
65°C. After the addition of 30 ml of distilled water, it was
placed in a falcon tube and stored at 4°C, which resulted
in the evaporation of methanol and was stored for future
use.

Silver Nitrate Solution Preparation

1.69 mg of AgNO; was thoroughly mixed with distilled
water (DW) in a volume of 100 ml volume to obtain a stock
solution of 0.1M Ag nitrate solution from which 0.01
and 0.001 M working solutions were prepared, as shown
in (Fig. 4 a and b).

Biosynthesis of AgNPs Using K. pinnata

An AgNOj; solution (100 mL) was prepared, from which
30 ml of Kalanchoe Pinnata leaf extract solution was added
dropwise at RT while agitating it. The mixture resulted
in a dark brown precipitate immediately after the addition
of the leaf extract. After adding 30 ml of the solution,
a precipitate was obtained and incubated for 24 hours.
The samples were quickly spun down for 30 min at
a speed of approximately 4000 rpm for separation after
the incubation periods. The mass that had separated was
repeatedly cleaned with alcohol in order to eliminate any
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Fig. 4. (a) Schematic depiction of plant-mediated synthesis of AgNPs and (b) the process by which AgNPs are formed using a plant

synthesis method.

organic impurities that were soluble in alcohol. The bulk
solid was dried in an oven after thorough cleaning.
The remaining solid material was completely dried to
obtain a dark-colored material, which was ground into
a powder using a mortar and pestle and tested for further
characterization.

Physicochemical Characterization

Glass cuvettes and UV-Vis spectrophotometry
were used to quantify the complete spectrum and study
the reducing ability of Ag nitrate in aqueous solutions
via plants. The spectrum of the solution was set between
300-700 nm, and the maximum absorbance was set to
4 L mol! ¢cm’!. The reaction mixture of the plant extracts
and Ag” ions in the solution underwent a color change,
as observed by visual inspection. FTIR spectroscopy
was utilized to explore the chemical-functional groups
of the plant extract, which perform as a capping agent
in the generation of AgNPs implicated in the bio-reduction
of AgNPs in the 4000-650 per cm range with a resolution
of 1.0 per cm. A particle size analyzer was used to identify
the extent of particle design. The general configuration/
structure of AgNPs obtained using Kalanchoe pinnata
was examined using a scanning electron microscope. All
other investigations were conducted, and process-related
supplements were used at room temperature. The change
in color of the reaction mixture (plant extracts and Ag*
in the solution) was visualized.

UV-Visible Spectroscopy Analysis

The spectral characteristics of the bio-synthesized nano-
particles were examined using UV—visible spectroscopy.
After the addition of deionized water to the solution mixture,
spectra were obtained using a UV-2550 spectrophotometer,
which operates at a resolution of 1 nm from 300 to 700 nm.
For complete examination, UV-Vis spectrophotometry
was used, in which distilled water was used as a control
[36, 37]. Uncertainty surrounds the precise mechanism
of extracellular production of metal NPs. According to this
theory, Ag ions are neutralized by the NADH coenzyme,
which acts as an electron shuttle [38, 39]. The estimated size
of the visible nanoparticles was evaluated using the ImagelJ-
win32 program [40].

Zeta Potential

At 1-week intervals, the zeta potential of AgNPs was
examined to determine their stability. Zeta potential values
between -20 and -30 mV showed that the AgNPs were
stable [41, 42].

Fourier Transform Infrared
Spectroscopy (FTIR) Analysis

The presence of natural extracts or other related
elements acts as a minimizing or capping agent on
the surface of AgNPs, and was further evaluated using
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FTIR. FTIR offers a wide range of benefits. The functional-
groups present in a system can be understood in detail
to identify the resonant frequencies of chemical bonds.
The harmonic excitation energy of molecules, which is
inthe 1013-1014 Hz range, correlates with infrared radiation
[43]. This implies that spectroscopic fluctuations of self-
assembled functional groups connected to nanoparticle
surfaces can be observed using IR spectroscopy for
quantitative and qualitative investigation. FTIR allows
investigation of the adsorption of functional-groups on
the nanoparticles’ surface [41]. FTIR measurements were
performed using the reflection method on a Perkin Elmer
Spectrum Spectrophotometer. Four FTIR analyses/scans
in the frequency range 4000-650 cm™' were carried out
for each sample.

Stretching and bending vibrations (in the 4000400 cm’!
area) were created by bonding with the produced molecules,
which interacted with non-invasive IR radiation [12].
The involvement of the -CO-NH,amide, -CO carbonyl,
and -OH hydroxyl functional groups was revealed using
FTIR spectral analysis (FTIR). Stretching and bending
vibrations of the AgNPs (in the 4000-400 cm! area)
were created when the bonding in the produced
molecules interacted with noninvasive IR radiation [12].
The participation of amide (-CO-NH,), carbonyl (-CO),
and hydroxyl (-OH) functional groups in the process was
further revealed by spectral analysis.

Scanning Electron Microscopy

On the gold-coated framework, a thin film of the sample
was prepared by overlying a minor amount of sample on
a grid, and the grid of the SEM was enabled to dry by
placing it under a mercury (Hg) lamp for at least 10 min.
The electron diffraction pattern of Kp-AgNPs was coated
onto an EVO SEM (MA15/18) with a SIN1000-EDS
System from Oxford Instruments Nano-analysis.

Transmission Electron Microscopy

ATECHNAI-G2-20-TWIN from FEI Company of USA
(S.E.A.) PTE, Ltd. was employed with an Octane-Plus SDD
Detector from EDAX Inc. For the TEM investigation,
sample preparation was performed on a gold-coated TEM
grid. The grid was recognized to set for two min, after
which the Kp-AgNPs sample was separated using blotting
paper, and the grid/ framework was dried under the IF lamp
before quantification. The lucid appearance of the SAED
pattern denotes the crystalline nature of the nanoparticles.

Nucleation of AgNPs
at Various Reaction Rates

The fabrication of silver nanoparticles was indicated
by a transformation in the coloration of the solution [30].
Numerous biomolecules, including flavonoids, phenols,
and quinines, were found to be present in plant leaves
and served as capping agents in the production and stability
of AgNP solutions incubated for 15, 30, and 60 min.

Biogenic AgNPs were found to have the highest absorbance
at 400 nm, and the absorbance intensity units increased over
time (2.363, 2.563, and 2.788 a.u.).

Anti-Bacterial Activity Assessment of Kp-4AgNPs

The disc-diffusion technique was used to evaluate
the antibacterial activity of the AgNPs. A variety
of pathogenic bacterial strains, as well as S. aureus and E.
coli, were inoculated in nutrient broth (HiMedia, India)
and cultured for 24 h at 37°C in a shaking incubator.
Bacterial cultures (100 uL) incubated overnight were
evenly scattered across the surface of the plate containing
the agar medium using a sterile L-shaped glass spreader.
A sterile tweezer was used to gently insert spotlessly
clean filter papers with a width of 25 mm that had been
infused with the manufactured silver nanoparticles
of varied concentrations over the surface of contaminated
nutritional agar plates. The inhibition zone was measured
in millimeters following a 24-hour incubation period at
37°C. The nanoparticle solutions were then impregnated
with sterile discs measuring 6 mm in diameter at different
concentrations (25 uL, 50 pL, and 75 pL). The Plates
containing the impregnated discs were kept in the incubated
for 24 h at 37°C. Ampicillin-containing commercial
antibiotic discs were used as the controls. The zone
of inhibition developed around the discs during incubation
was measured using a ruler.

Results and Discussion

The color of the solvent continued to change throughout
the reaction, which helped identify the biogenic development
of silver nanoparticles. The bio-reduction of Ag particles
was observed based on the color intensity due to the presence
of K. pinnata leaf extract. The development of AgNPs was
detected based on the surface plasmon resonance peak
in UV-visible spectroscopy and the precipitation of particles
with an altered solvent color.

Nucleation of AgNPs at Various Reaction Rates

On the addition of plant extract to the salt composed
of Ag with a concentration of 1mM, the tint of the solution
kept on changing. First, it underwent a transformation
in color from light yellow coloration to pale yellow and then
to dark brown as depicted in Fig. 5. The fabrication of silver
nanoparticles was indicated by a change in the coloration
of the solution [30]. Numerous biomolecules, including
flavonoids, phenols, and quinines, have been found in plant
leaves and serve as capping agents in the production
and constancy of AgNPs. These were mainly responsible
for converting Ag” NPs into Ag® NPs. AgNPs were found to
be stable because the color of the solution was transformed
to its maximum after 60 min and did not change further
even after 24 h. AgNPs produced from K. pinnata leaves
are shown in Fig. 5 by UV-visible spectroscopic analysis.
AgNPs were detected to have a maximum absorption at
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60 mins

24 hours

Fig. 5. Spectrum of Ag nanoparticles nucleation in the UV-visible range at various time intervals.

400 nm, and an increase in intensity indicated an increase
in AgNP production over time. After incubation for
15, 30, and 60 min, the biogenic AgNPs were found to
have the highest absorbance at 400 nm, and the intensity
of the absorbance units improved over time (2.363, 2.563,
and 2.788 a.u.). The wavelength at 400 nm did not vary
during the course of the reaction at different timings.
The color of the suspension began to change when
AgNPs were formed in an aqueous solution containing
the leaf extract of the plant. To conduct the trials, we used
a synthesis process for 15 min, as shown in Fig. 5.

UV-Visible Spectroscopic Analysis

The dark brownish-black powder sample was diluted
in deionized water and subsequently sonicated to avoid
particle aggregation, so that the particles remained
suspended. The mixture was then placed in a cuvette
and subjected to UV-visible light, and the absorbance
was measured. The interface plasmonic mechanism
causes resonant peaks to form at various wavelengths for
various nanoparticle solutions, which causes the maximum
wavelength to be absorbed at the resonant wavelength.
According to various research findings, normal AgNPs have
typical electron excitation peaks at 350 nm and 475 nm.
Surface absorbance is significantly influenced by several
other factors, such as the size, structure, and inner distance
of the particles formed in the media, as well as the solution

(Fig. 6).

FTIR Analysis

FTIR spectral analysis was accomplished to evaluate
the biological configuration of nanoparticles on the surface.
The surface chemistry of AgNPs in K. pinnata leaf
extract, which contains capping agents in the form
of physiologically active compounds, was examined
using infrared spectroscopy. Fig. 7 (a) and (b) display
the spectra of the synthetic AgNPs and K. pinnata
extract, respectively. Owing to the presence of carboxylic
acid and the protein stretching vibrations of the plant-
containing solution, a band was obtained at 3305.8 cm™..
The vibration caused by the carbonyl group in the amide
linkage of the proteins caused the detection of peaks at
1635.7 cm™! and was related to the bending trembling
of the amide [44, 45]. These findings suggest the existence
and interaction of proteins with AgNPs, which plays
a role in their synthesis and stabilization. K. pinnata leaf
contains a variety of triterpene acids [46], flavonoids
[47], sesquiterpene glycosides [48], polysaccharides,
and proteins as per the phytochemical research reported.
These elements have the potential to be used to convert Ag
nitrate into AgNPs under the correct conditions, and they
may also help stabilize AgNPs produced in the medium.
This demonstrates that the capping role of secondary
metabolites, which is responsible for the efficient creation
of AgNPs, allows their development. According to this
theory, modifying the surface plasmon resonance is
caused by interactions between biomolecules, synthetic
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Fig. 7. FTIR spectrum of Kp-AgNPs.

nanoparticles, and phytochemicals. FTIR measurements
and UV-vis spectroscopy confirmed the absorbance
and particle size of the AgNPs. The AgNP-produced
batches also revealed FTIR molecular profiles with distinct
resonance bands (Fig. 7), and studies have shown that plant
extracts are rich in secondary metabolites. The crystallinity
of the biosynthesized AgNPs was evaluated to determine
variations among the three batches.

Zeta Potential

The zeta potential affects the particle shape
and suspension stability [49]. Owing to the electrostatic
attraction and repulsive forces between the particles,
a colloidal solution with a zeta potential of less than
30 mV is thought to be more stable [50]. The size and type
of the surface charges associated with the double-layer
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encasing the particles were measured. It is affected by
the ionic strength, pH, type of ions in the suspension,
and particle size of the solution in the microenvironment
[51]. The largest nanoparticles formed had a diameter
of 37.8 nm and 43.8 nm. Fig. 8 shows the size distribution
of the nanoparticles. The interactive value of the particles
was found to be -26.7 mV and the average AgNP
distribution in the colloidal solution indicated greater
stability of the AgNPs and their hydrodynamic distribution.
The specifics of the zeta potentials are shown in Fig. 8
highlighted in Sample 2.

Antimicrobial Activity
of AgNPs

According to previous studies, the leaves of the herb
Bryophyllum pinnatum are known to exhibit antibacterial
characteristics [52, 53]. Phytochemicals, such as terpenoids,
alkaloids, polyphenols, flavonoids, and organic acids (OC),
present in the extract of B. pinnatum are responsible for
its biological action, including its antimicrobial properties.
The complex free radical species that bacteria produce
when they interact with cell membranes affect each aspect
of bacterial cell function [54, 55]. AgNPs synthesized from
B. pinnatum leaf extract of B. pinnatum exhibited greater
antibacterial activity. They also have stronger reactivity
and smaller stable sizes, which contributes to their potential.

The anti-bacterial effectiveness of AgNPs against both
bacterial strains was assessed using the disc-diffusion
technique [56]. Fig. 9 (a-d) illustrates the anti-bacterial
activity of the AgNPs. The extent of the zone of inhibition
that developed after 36 h at 37°C is evidence of the AgNPs’
strong antibacterial activity. The E. coli zones of inhibition
of gram-negative bacteria by E. coli are shown in Table 1.
At various doses, AgNPs displayed a significantly greater
zone of inhibition against both bacterial strains than that
of the selected antimicrobial therapy. In the antibacterial
experiment, the standard and control substances included
silver salts. Owing to the smaller size of AgNPs compared to
Ag nitrate and plant extract, their antibacterial activity was
found to be superior. Smaller AgNPs can penetrate more
bacterial cells, thereby expanding their zone of inhibition.
The membrane of the bacterial cell breaks because
of the electrostatic contact between positive charges, such
as Ag’, and -ve charges on the surface of the membrane.
As AgNPs enter cells, they can alter their physicochemical
properties, which are responsible for changes in the cellular
structure, metabolism, and macromolecules, thereby
impacting the overall functionality of the microbial cell.
This can cause anomalies in physiological processes
including respiration and cell permeability. Additionally,
AgNPs interact with cellular macromolecules to generate
various oxygen species that can harm cellular DNA,
ultimately leading to cell death [57, 58].
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Escherichia coli

Pseudomonas aeruginosa

Fig. 9. Zone of inhibition of (a) C. albicans, (b) S. aureus (c) E. coli (d) P. aeruginosa treated with Kp-AgNPs (Here standard Drug in case
of bacteria and fungi are streptomycin, chloramphenicol, and fluconazole respectively).

Table. 1. Zone of Inhibition for the synthesized Kp-4gNPs against Gram-Negative bacteria.

Pathogenic strain Zone of Inhibition Antibiotics
Staphylococcus aureus 8.60+2.1* 17 mm
Escherichia coli 12.5+0.36* 26.7 mm
Pseudomonas aeruginosa 6.89+0.47* 18 mm

Scanning Electron Microscopy

SEM measurements were used to illustrate
the morphology and form of Kp-AgNPs. The largest size
range of green Kp-AgNPs was observed in the range
of 200 nm, and their structures were detected in various
forms, as illustrated in Fig. 10 (a) and (b) at scales of 40 pm
and 20 um, respectively. These Figs. indicate the cuboidal,
hexagonal, and rectangular shapes of Kp-AgNPs which
were found to be significantly dispersed in nature. A few

of the NPs in this group were found to be largely separated
from one another, but the bulk was clumped together

Transmission Electron Microscopy

TEM was carried out using a TECHNAI 20G2
instrument at 200 KV to assess the morphology, size,
and surface characteristics of biological samples.
The synthesized Kp-AgNPs after 48 h are shown in Fig.
11 (a-c) are predominantly spherical. Further enlargement
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Fig 10. SEM images of Kp-AgNPs in the range of (a) 20 um and (b) 40 um.

of the particles indicated an aggregated form of spherical
Kp-AgNPs and the typical diameter of the spherical AgNPs
was observed to be in the range 0f 20, 50, and 100 nm. Fig.
11 (d) depicts the selected area electron diffraction pattern
obtained from the spherical Kp-AgNPs thus exhibiting
a clear ring-like pattern. The diffraction ring of Kp-AgNPs
validated the face-centered cubic geometrical arrangement
of Ag, which typically reveals the polycrystalline structure
of Kp-AgNPs [34].

Biogenic synthesis of Ag nanoparticles has been
described to contain many potent biomolecules that are
endorsed by antimicrobial activities [59]. Most nanoparticles,
especially silver nanoparticles, are equipped with benefits
owing to their large surface-to-volume ratio and biological
characteristics, which present a cutting edge in the metal-
based synthesis of nanoparticles. K. pinnata is a medicinal
plant with many health benefits owing to the presence
of active phytoconstituents in its leaf extract [60]. A recent
study [61] that aimed to synthesize AgNPs using Plantago
lanceolata extract has increased considerable focus
in the fields of nanotechnology and biomedicine. The AgNPs
were effectively synthesized using an aqueous-crude extract
obtained from P, lanceolata and were characterized to assess
their antioxidant and biological properties. The presence
of nano-particles was determined through color-shift, UV-
Vis spectroscopy, atomic-force microscopy, and FT-IR
analysis, revealing the involvement of bio-molecules viz.
phenolic acid and flavonoids in the reduction of silver ions.
SEM images show the formation of spherical particles
with a size of 30£4 nm (mean). The experimental results
of these findings suggest that the AgNPs synthesized using
P, lanceolata extract possess excellent bioactive properties

and [62] advanced research can be employed in various
biological applications in the future in this field. Similarly,
our study aimed at the formation of Ag nanoparticles using
the aqueous leaf extract of K. pinnata, which could have
ecological benefits. Therefore, Kp-AgNPs have been proven
to exhibit antibacterial properties by affecting the overall
growth of bacteria. UV-visible spectrophotometric analysis
has demonstrated the interface plasmonic mechanism,
which is known to cause resonant peaks to form at various
wavelengths in various nanoparticle solutions. According
to a report by [63], black cumin is one of the most widely
studied plants for its naturally occurring compounds
with antimicrobial potential. A successful strategy for
enhancing yield & quality in many crops is the use
of foliar applications of growth stimulators. This study
examined different treatments, including various moringa
leaf extract concentrations (10% and 20%) and different
growth stages as well as two controls: an un-sprayed
check and a sprayed check. The results showed that
the application of 20% moringa leaf extract after sowing
significantly improved essential oil content, peroxidase
value, iodine value branches per plant, fixed oil content,
and plant height of black cumin oil compared to the un-
sprayed control. Overall, the study demonstrated that
the application of moringa leaf extract after sowing led
to the greatest improvements in growth and yield of black
cumin. Further research with various growth regulators,
fertilizer combinations, and bio-stimulants is recommended
to determine their synergistic effects and provide more
acceptable and reliable recommendations in the future.
In our study, this causes the maximum wavelength to be
absorbed at the resonant wavelength, which may be due to
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Fig. 11. TEM images of Kp-AgNPs (a): Size of nanoparticles 100 nm, (b) 50 nm, (c) 20 nm, and (d) SAED pattern of nanocrystalline Ag.

the nanoparticle structure and size formed in the solution.
Hence, the peak observed at 400 nm indicates the reduction
of Ag" to Ag® ions. This led to the inference that
the reduction process occurred due to the existence of active
metabolites in the leaf extract of K. pinnata. The FTIR
spectrum showed the existence of carboxylic acid, amide
groups, and several other protein excitations in the range
of 3305.8 cm™ and 1635.7 cm™!. These results suggest
that the detection of peaks in a particular range was due
to the persistence of secondary metabolites, which act as
capping agents and play a role in the stabilization of these
particles. Therefore, it can be inferred that these compounds
were crystalline. Size-distribution of the nanoparticles
synthesized reveals the diameter of the nanoparticles
in the range of 37.8 nm and 43.8 nm. This size
demonstrates the stability of nanoparticles in colloidal
suspensions. The zeta Potential analyzer reported
the value of the silver nanoparticles to be of -26.7 mV

which points towards the enhanced form of stability
and the hydrodynamic distribution of the nanoparticles
formed. Thus, the size offers an advantage in the long-
term constancy of the particles and proves to be a better
suspension for the fabrication process to follow in the near
future. The SEM images show different morphological
features of the nanoparticles. The morphology of the silver
nanoparticles was found to have various forms, such as
hexagonal, cuboidal, and rectangular forms of Kp-4gNPs.
Such forms reveal the aggregated and dispersed forms
of nanoparticles formed in the range of 40-20 pm. TEM
images were used to evaluate the surface features, size,
and morphology of the nanoparticles formed NPs. TEM
was used to examine how silver nanoparticles interaction
of AgNPs with bacterial cells. Upon addition of AgNPs
nanoparticles the reduction in bacterial growth could have
occurred because of the injury caused by the integrity
of the bacterial cell and cytoplasm leakage. The typical
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diameter of the Kp-AgNPs revealed the spherical form
of the nanoparticles, as well as in the measurements at
20 nm, 50 nm, and 100 nm. Overall, the diffraction pattern
also suggests the polycrystalline nature of Kp-AgNPs.
Hence, the suggested environmentally friendly method
could aid in the production of well-dispersed AgNPs from
K. pinnata leaf extracts. This practical approach proved to
be more effective than conventional methods. Furthermore,
strategies and methods need to be assessed when discussing
the toxicity imposed by these nanoparticles and suggesting
ways to improve them so that in the future, they could be
more efficiently used as capping agents in the biomedical
sector.

Conclusions

The suggested environmentally friendly method for
producing well-dispersed and antibacterial AgNPs from
K. pinnata leaf extract offers a practical and effective
methodology compared to conventional methods. This
process is considerably simpler, reasonably priced,
and environmentally friendly. The ethanolic extract
of K. pinnata leaves contains secondary metabolites
and organic acids such as alkaloids, flavonoids, glycosides,
bufadienolide, steroids, lipids, and triterpenes. These
metabolites serve as reducing agents, converting metallic
ions into green nanoparticles and thus maintaining their
stable form. As a result, they are components of green
synthesis. Based on the FT-IR spectroscopy results, it is
feasible to state that the metabolites and phenols found
in K. pinnata help accelerate the conversion of Ag" ions
to Ag’. Therefore, it can be understood from studies that
AgNPs produced using environmentally friendly methods
present a possible weapon against the spread of antibiotic
resistance. The ideal conditions for the biosynthesis
of AgNPs were achieved using the K. pinnata leaf extract.
These metabolites serve as capping agents because they can
convert metallic ions into green nanoparticles and stabilize
them. Alkaline pH and higher temperatures were found
to be more advantageous for the development of AgNPs
after analyzing the consequences of a number of variables,
including pH, temperature, reactant concentrations,
and reaction duration. The synthesis of AgNPs occurred
in 60 min, and this standard room-temperature environment
was beneficial for the production of minor particles
and the distribution of AgNPs was significantly affected
by the initial concentration of the well. In addition to UV-
visible absorption spectroscopy, the biosynthesized AgNPs
were evaluated using SEM, differential light scattering,
zeta-potential, and FTIR. As per the Differential Light
scattering, the average size of the silver nanoparticle was
found to be 19.75 nm and 347.47 nm, respectively. AgNPs
nanoparticles been reported to be spherical. When subjected
to bio-synthesized AgNPs, almost all selected organisms,
including S. aureus, P. aeruginosa and E. coli, demonstrated
increased antibacterial activity. Ag-NPs are excellent for
biomedical applications and industrial settings where

dye degradation is required, owing to their antibacterial
properties.
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