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ABSTRACT: In this cutting-edge research era, silver nanoparticles
impose a substantial impact because of their wide applicability in the
field of engineering, science, and industry. Regarding the vast
applications of silver nanoparticles, in this study, the crystallographic
characteristics and nanostructures of silver nanoparticles extracted
from natural resources have been studied. First, biosynthetic silver
nanoparticles were synthesized using the Pathor Kuchi leaf (PKL)
extract as a mediator, and their crystal structures and characteristics
were analyzed by UV−visible absorption spectroscopy, Fourier
transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD),
field-emission scanning electron microscopy (FESEM), and energy-
dispersive X-ray (EDX) analysis. The average crystallite size of the
synthesized silver nanoparticle was determined to be 20.26 nm, and
also the lattice strain, intrinsic stress, and dislocation density were measured to be 2.19 × 10−3, 0.08235 GPa, and 3.062045 × 10−3/
nm2, respectively. Further, the prepared sample of silver nanoparticles shows four peaks in the X-ray diffraction pattern, which
correspond to the (111), (200), (220), and (311) face-centered cubic (FCC) crystalline planes. The outstanding finding of this work
was that when the lattice parameters of the precursor were increased, the volume of the material did not considerably change, but the
particle size decreased. Second, it was clearly demonstrated that this straightforward method is a clean, cost-effective,
environmentally sustainable, nontoxic, and efficient route for the synthesis of silver nanoparticles (Ag NPs) using PKL leaf at
ambient temperature, which also satisfies the green chemistry requirements. Finally, this study demonstrates the scope for the
production of silver nanoparticles using low-cost natural resources.

1. INTRODUCTION
The use of nanomaterials and nanotechnology in the
advancement of science and technology is preferable for
modern researchers around the world. Moreover, nanoparticles
play a significant role in the creation of environmentally
sustainable and robust future technology for human beings,
including the scope for green chemistry. Among the different
forms of nanoparticles, metal-based nanoparticles are highly
desired for their wide range of applicability. First and foremost,
one of the most significant areas for researchers1,2 is the
production or synthesis of metal nanoparticles and the
expansion of their many applications in the manufacturing,
biomedical engineering, biological synthesis, and pharmaceut-
ical sectors. Particles with a size in the nanoscale range of 1−
100 nm are called nanoparticles.1,2 The nanoparticle behavior
might differ significantly from that of the bulk form when
particles are shrunk in size. Nanoparticles have been employed
in several fields, including medicine, semiconductors, catalysis,
electrolysis, optoelectronic materials, and the energy sector,
recently. In particular, silver nanoparticles have been developed

for use in a range of therapeutic applications (including
antimicrobial, anti-diabetic, anti-cancer, anti-parasitic, and
antioxidant), biomolecular diagnostics, medicine, textile-
manufacturing facilities, dental implant raw materials, and
water purification systems.3−7 In addition, it must be noted
that these materials are also utilized in the advancement of
nanoparticles (NPs) in areas such as producing clean energy,
catalysis, solid-state electronic components, and sensor or
biosensor manufacture, among others.8,9 The capacity to
reliably use these materials offers opportunities for the
development of nanoparticles (NPs) in these areas. Currently,
research is ongoing for materials for applications in the
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biological sector as a reducing agent of proteins and
metabolites in many biological systems, such as plants and
algae,10 diatoms,11,12 bacteria,13 yeast,14 fungi,15 and human
cells.16 In addition, the extraordinary optical17 and chemical18

characteristics of metallic nanoparticles make their biological
synthesis extremely alluring. On the other hand, flavonoids and
proteins extracted from the Pathor Kuchi leaf (PKL) are highly
applicable as reducing agents of biochemical reactions.
Furthermore, PKL is widely accepted and appreciated for its
medicinal effectiveness against antiviral and antibacterial
outbreaks.19 PKL also allows the flexible synthesis of various
metal-based nanoparticles, which will have various applications
in pharmaceutical inhibitors, catalytic materials, and materials
for optoelectronics devices. Especially in the last decade, PKL
has been highly used in the area of electrochemistry for
producing materials with voltage regulation, capacity, and
energy efficiency, as well as for enhancing the performance of
existing materials. Therefore, we were motivated and
attempted to investigate synthetic techniques for nanoparticles
from PKL that have the potential to open a new dimension for
numerous applications in the above-mentioned areas. How-
ever, inorganic metal ions in metal nanoparticles play a vital
role in their properties and applications, so that the surface
area of a particle drastically increases in its size. This makes it
possible for novel optical characteristics to emerge, and also
enhanced electrical and thermal conductivities, lowered
melting point, increased magnetism, and other properties can
all result from this phenomenon.20 A variety of plant extracts
have been successfully used for the efficient and rapid
extracellular synthesis of gold and silver nanoparticles,
including geranium (Pelargonium graveolens),21 lemongrass
(Cymbopogon flexuosus),22 cinnamon (Cinnamomum cam-
phora),23 neem (Azadirachta indica),24 aloe vera (Aloe
vera),25 tamarind (Tamarindus indica),26 and the fruit extract
of Emblica officinalis.27 The production and association of
metallic nanoparticles28,29 would benefit from “green chem-
istry” procedures that are safe, nontoxic, and environmentally
acceptable, perhaps utilizing bacteria, fungi, or even plants. It is
well established30,31 that the shape and nanostructure size of
metal NPs, particularly Ag NPs, are influenced by their
functional characteristics. Nanoparticles, due to their exceed-
ingly small size, huge surface area, optical scattering, and
fluorescence, have potential biomedical applications.32

Furthermore, due to the high price of gold, silver is a more
user-friendly material for the synthesis of nanoparticles from
natural resources, despite the fact that it has numerous
applications in several fields and new materials are being
constantly discovered. Ag nanoparticles can be synthesized by
many effective methods, for example, chemical reduction,
green synthesis, laser ablation, γ irradiation, electron
irradiation, chemical and photochemical techniques, micro-
wave processing, and biological synthetic processes. Among
them, green synthesis methods can be considered the most
sustainable and cost-effective methods for synthesizing nano-
particles from natural sources by using plants or micro-
organisms. Moreover, it helps to produce nanoparticles using a
wide variety of physical, chemical, biological, and hybrid
approaches.33−36 In this study, the Pathor Kuchi leaf (PKL)
extract was chosen for the green synthesis of Ag nanoparticles.
Here, a green synthesis technique is used to produce silver
nanoparticles from silver nitrate salt. Crystallographic charac-
teristics and structures of silver nanoparticles depend heavily
on bioreducers; hence, it is extremely crucial to characterize
these materials structurally. Herein, we show comprehensive
results using various characterization techniques (UV−vis,
FTIR, XRD, FESEM, and EDX) on silver nanoparticles
synthesized using the Pathor Kuchi leaf (PKL) extract,
including crystal structure and characteristics measured on
the nanoscale and the significance of their microstructure
features.

2. METHODS AND MATERIALS
2.1. Raw Materials and Reagents. Reagents and raw

materials utilized in this investigation did not require any
special purification procedures because of their outstanding
analytical quality. For this study, deionized water with a
resistivity of 18 Ω·m was used to prepare the silver nitrate
(AgNO3) solution. The materials and reagents utilized in this
experiment were as follows: Whatman filter papers 41 and 42,
distilled water, deionized water, solid silver nitrate (AgNO3),
Pathor Kuchi leaves, and PKL extract.

2.2. Apparatus and Auxiliaries. The following devices
and auxiliaries (shown in Figure S1a−d) were used to create
silver nanoparticles (Ag NPs): rotating magnetic stirrer plate
(Labcom, MS-1003; heat range: 0−340 °C; revolution: 0−

Figure 1. Flow diagram of the juice or extract preparation from PKL.
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4000 rpm), centrifuge machine (800 Centrifuge, China;
revolution: 0−4000 rpm), refrigerator, blender machine,
volumetric flux, measuring flux, conical flux, calibrated beaker,
magnet bar, sample holder, thermometer, glass vial, etc.

2.3. Equipment Used for Characterization. The
following tools were used for different levels of character-
izations of silver nanoparticles (Ag NPs): a UV−visible
Spectrometer (UV-1800, 240 V, Shimadzu, double-beam
spectrometer, made in Japan; Figure 2Sa), a Fourier transform
infrared spectrophotometer (IR Prestige-21 Kyoto, made in
Japan; Figure 2Sb), an X-ray diffractometer (Rigaku Ultima IV,
made in Japan; Figure 2Sc), and a field-emission scanning
electron microscope (FESEM) (Jeol JSM-7600F field-emission
SEM; Figure 2Sd).

2.4. Preparation of the PKL Sap and PKL Extract. From
a local nursery, fresh Pathor Kuchi leaves (PKL) were
obtained. The gathered leaves were gently cleaned to get rid
of dust and impurities. Multiple washes with both regular and
deionized water were performed to thoroughly remove all
traces of dust, and the item was dried under a ceiling fan at
room temperature (28−29 °C) to ensure that no moisture was
left behind. The leaves were then placed in a beaker after being
crushed with a blending machine. 20 g of PKL paste was
combined with 100 mL of deionized water using a magnetic
stirrer and a 60 °C hot plate.37,38

After allowing the mixture (PKL paste and deionized (DI)
water) to cool down to room temperature, the PKL extract was
obtained by filtering it twice using Whatman 41 and Whatman
42 filter papers. The full procedure is presented in Figure 1a−
h.

2.5. Synthesis of Silver Nanoparticles (Ag NPs). Using
a straightforward green synthesis approach, silver nitrate
(AgNO3) salt was employed as a precursor, while the PKL
extract was used as an excellent source of reducing and capping
agents. Ultrapure analytical-grade AgNO3 from Sigma Aldrich

was used as a precursor in this experiment. The whole
preparation of silver nanoparticles was carried out by slowly
adding 10 mL of filtered PKL extract dropwise with 90 mL of 3
mM AgNO3 solution in a conical flux, as depicted in Figure
2a−d.
The mixture was then stored in a dark place for future

observation and examination. The formation of Ag NPs was
confirmed by a change in the color from completely colorless
to light orange (yellowish) in 30 min and then from light
orange to brown, with some black sediment at the bottom of
the conical flask after 45 min. Images showing the change in
colors are displayed in Figure 2. The silver nanoparticle
colloidal solution was then dried using a centrifuge (800
Centrifuge, China: revolution: 0−4000 rpm) and a magnetic
stirrer equipped with a hot plate (Labcom, MS-1003: heat
range: 0−340 °C; revolution: 0−1500 rpm) was used to
produce powdered samples for subsequent sequential probing.

2.6. Characterizing Green-Synthesized Silver Nano-
particles Mediated by the PKL Extract. A UV−visible
spectrometer (UV-1800, 240 V, Shimadzu, a double-beam
spectrometer made in Japan) was used to observe and inspect
the green-synthesized silver nanoparticles, and the spectra of
the reaction solution were measured (3 times diluted) in the
range of 200−800 nm. Using a Shimadzu IR Prestige-21 FT-IR
spectrophotometer, the attenuated total reflection Fourier
transform infrared (ATR/FTIR) spectra of the PKL extract
and silver nanoparticles (powder form) mediated by the PKL
extract were carefully recorded. A Rigaku Ultima IV, a Japanese
X-ray diffraction device, was used to probe the crystalline
phase and structure of Ag NPs. XRD measurements were
performed from 10 to 80° at 2θ angles using Cu Kα radiation
(λ = 1.54056 Å). All of these tests were carried out at the
University of Dhaka’s Centre for Advanced Research in
Sciences (CARS). The morphology of silver nanoparticles
was investigated using a field-emission scanning electron

Figure 2. Color change scenario of silver nanoparticle formation: (a) PKL extract; (b) raw silver nitrate solution (3 mM) and filtered PKL juice
mixture, colorless at the beginning; (c) light-orange (yellowish) color after 30 min; (d) brown color with some black sediment after 45 min.

Figure 3. UV−visible spectra of (a) different samples and (b) Ag NPs in the liquid form.
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microscope (FESEM) (Jeol; JSM-7600) re-equipped with an
energy-dispersive X-ray (EDX) spectrometer at 15 keV at the
Nano lab, Glass and Ceramics Institute of BUET. To prepare
the sample for FESEM imaging, Ag NPs were placed in a JEC-
3000FC auto fine platinum coater for 10 s.33

3. RESULTS AND DISCUSSION
3.1. Formation of Silver Nanoparticles by UV−Visible

and FTIR Spectroscopies. The color-changing scenario
(from light-yellow to brown) of the silver nitrate and PKL
extract solutions (Figure 2a−d) allows one to discern the
production of silver nanoparticles mediated by the Pathor
Kuchi leaf extract. At certain time intervals after adding the
PKL extract into the AgNO3 solution, the silver ions (Ag+) are
bioreduced into silver nanoparticles Ag°(Ag NPs), as observed
by the color change. This is the first sign that silver
nanoparticles (Ag NPs) are being formed. The formation of
silver nanoparticles is depicted in Figure 2 by a range of colors
changing from yellow to brown.39,40 In addition, Figure 3a,b
displays the UV−visible spectra of various samples.
Surface plasmon resonance (SPR) causes Ag NPs to absorb

light differently depending on their size, with the strongest
effect observed between 400 and 500 nm.41 Further, lower
band absorption indicates a smaller particle size, while higher
band absorption is compatible with larger nanoparticles.42

Upon exposing silver nanoparticles to light, free electrons in
them vibrate, causing an absorption band characteristic of
surface plasmon resonance to develop.43 The size, shape,
morphology, solvent type, and concentration all affect the
wavelength range in which Ag NPs radiate.44,45 Absorption
maxima are studied, and the highest peak is observed at about
443 nm. The black line indicates the peak of the reference
solvent; therefore, it does not represent any specific peak.
Moreover, AgNO3 solution (magenta line) was utilized as a
precursor of Ag, which is comparable to the peak of Ag NPs,
represented by a red-colored line. It is worth noting that no
peaks attributable to DI water, AgNO3 solution, and PKL juice
are visible; however, Ag NPs demonstrate a peak in 443 nm.
Surface plasmon absorption of silver nanoparticles, as depicted
in Figure 3a, results from the reduction of Ag+ to Ag0.
Second, Ag NPs contain various functional groups, such as

amino, alkyne, amide, ketone, nitro, ester, etc. The FTIR
spectra of the filtered PKL extract show several peaks at
3383.14 cm−1 (N−H stretch), 2320.37 cm−1 (C�N; alkynes:
2300−2200 cm−1), 2117.84 cm−1 (C�C; alkynes: 2200−2100
cm−1), 1639.49 cm−1 (C�O, amide I band; ketones: 1750−
1625 cm−1; C�O stretch), 1388.75 cm−1 (N�O; nitro
groups: 1400−1300 cm−1), and 1274.95 cm−1 (−O stretch;
ethers: 1300−1000 cm−1) positions. The presence of
flavonoids in the water-soluble plant extract may have caused
the reduction of Ag+ to Ag0 in the AgNO3 solution. Several
peaks were observed at 480.28, 825.53, 881.47, 1080.14,
1384.89, 1581.63, 1712.79, 2927.94, 3435.22, 3697.54, and
3755.40 cm−1 in the spectrum.

3.2. Analyzing the Nanostructure of Ag NPs Using
Crystallographic X-ray Diffraction Data. XRD measure-
ments were performed in the Bragg−Brentano geometry to
investigate the crystal nanostructure of the above-mentioned
silver nanoparticles (Ag NPs). The XRD equipment was used
to analyze Ag NP powder samples. The XRD pattern
(diffractogram) of Ag NPs, indexed in origin pro software, is
displayed in Figure 4.

In the XRD pattern, diffraction peaks were seen around
38.070, 44.290, 64.440, and 77.340 positions. According to the
crystallographic lattice planes, the indexed and Miller Indices
(hkl) for each peak are (111), (200), (220), and (311) (Ref:
Joint Committee on Powder Diffraction Standards, JCPDS file
No. 04-0783). The highly intense peak demonstrates the
polycrystalline phase composition of the produced silver
nanoparticles, confirming the synthesis of face-centered cubic
(FCC) crystalline silver nanoparticles. The production of silver
nanoparticles of a larger size is evident from the observation
that their diffraction profiles are broadened in comparison to
those of bulk silver. The standard diffraction angles (2θ) and
the experimental diffraction angles (2θ) in Table S2 also agree
well.46−48

In addition, ratios of (200)/(111) and (220)/(111)
diffraction peak intensities presented in Table S3 are slightly
lower than the established values (0.26 vs 0.31 and 0.19 vs
0.22).49

3.3. Crystallite Size, Interplanar d-Spacing, and
Lattice Parameters of Silver Nanoparticles. Figure 4
displays the X-ray diffraction pattern produced by the as-
prepared silver nanoparticles. Reflections from the (111),
(200), (220), and (311) lattice planes of FCC silver
nanoparticles can be seen as a series of intense Bragg
reflections. All of the reflections are consistent with the
crystalline structure of silver metal with a face-centered cubic
symmetry. The sample exhibits the expected highly intense
(111) reflection, which is indeed typical for FCC materials.
The high degree of crystallinity of silver nanoparticles is
evident in the intensity of peak position reflections. A modest
crystallite size is indicated by the large diffraction peaks.50 The
XRD analysis confirms the crystalline nature of the silver
nanoparticles. The crystallite size of silver nanoparticles was
determined to be 20.26 nm using the Debye−Scherrer eq
151−53

=D
0.89

cos (1)

where the Cu Kα X-ray wavelength λ = 0.154056 nm, θ is
Bragg’s diffraction angle (° or radian), β (radian) is the full
width at half-maximum (FWHM) of the maximum intensity
peak, and 2θ = 38.07°, as shown in Table S1. Table 1 shows
that the average crystallite size of the green-synthesized Ag
NPs is 21.65 nm, based on data from XRD analysis. Bragg’s

Figure 4. XRD pattern of green-synthesized silver nanoparticles (Ag
NPs).
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Law46 is applied to several atomic planes to determine its
interplanar separation or d by eq 2.

=d n2 sin (2)

Here, d is indicated by the interplanar spaces. The lattice
parameter for each peak position46 is calculated using eq 3.

= + +
d

h k l
a

1 ( )
2

2 2 2

2 (3)

Each peak lattice value is listed in Table 1, where the average
lattice parameter is 0.4086 nm. The resulting lattice parameters
are considerably close to the lattice parameter of silver
nanoparticles, JCPDS file number 04-0783 (a = 0.4086 nm).

3.4. Lattice Crystal Planes of the XRD Data Obtained
from the XRD Diffractogram. Lattice planes are typically
designated by using Miller Indices. Silver nanoparticles used in
this work were analyzed by an XRD diffractometer, and the
lattice planes were identified, which are shown in Figure S3.

3.5. Radius Calculation of the Prepared Ag NPs. The
produced silver nanoparticles have an FCC crystal structure,
with a unit cell edge, a = 4.086 Å. Using eq 4, we can
determine the radius (r) of the silver nanoparticles, and we find
r = 0.144 nm for the manufactured silver nanoparticles.

=a
r4
2 (4)

3.6. Volume and Atomic Packing Factor (APF)
Calculation. In the case of a hard spherical model, the
packing factor is the ratio of the total volume of atomic spheres
to the volume of a unit cell. Both eqs 5 and 6 can be used to
determine the volume VS and unit cell volume VC of the 4
atoms in the FCC crystal structure.

= ×V R4
4
3S

3

(5)

i
k
jjj y

{
zzz= = =V a R R4

2
16 2C

3
3

3

(6)

Here, R = 0.144 nm and the FCC unit cell has 4 atoms.
= × =V 4 (0.144) 0.050030 nmS

4
3

3 3, V C =
1 6 ( 0 . 1 4 4 ) 3 ( √ 2 ) = 0 . 0 6 7 5 6 5 n m 3 ,

= = =APF 0.74 74%0.05003
0.067565

. The atomic packing factor
indicates that atoms are tightly bonded or tightly packed in
the lattice structure. These values are given in Table 3.

3.7. Surface Area-to-Volume Ratio Calculation.

= Rsurface area of Ag NPs, SA 4part
2

(7)

=V Rvolume of particle,
4
3part

3

(8)

The synthesized Ag NPs were measured to have a surface
area of 1289.50 nm2 = 1289.5 × 10−18 m2 and a volume of
4354.28 nm3 = 4354.28 × 10−27 m3; the surface area-to-volume
ratio is 29.6 × 107, which is significantly larger. The rate at
which a chemical reaction occurs is directly related to the
surface area of a solid, measured as the ratio of its surface area
to its volume (SA/V) or its specific surface area (SSA). As
there are enough potential surfaces to react, materials having a
high SA/V (extremely small diameter) exhibit substantially
faster reaction times compared to monolithic materials.

3.8. Analysis of Strain in a Lattice. Non-uniformities in
the lattice, such as faulting, dislocations, antiphase domain
borders, and grain surface relaxation all contribute to the lattice
strain, as shown in Table 2. Using the Williamson−Hall eq
9,54−56 we may determine the crystallite size and lattice strain.
Peak broadening in the diffraction pattern because of
experimental errors can be calculated using the following
formula.

= +
D

cos
0.89

4 sin
(9)

where β is the full width at half-maximum, ε is the lattice strain,
D is the average crystallite size, θ is Bragg’s diffraction angle,
and the radiation wavelength λ = 0.154056 nm. Instrumental
errors, particle size reduction, strain, etc., can all likely to lead
to a significant broadening of diffraction peaks, as seen in ref
57, 58.57,58

Here, the Williamson−Hall graph is plotted with 4 sin θ on
the x-axis and β cos θ on the y-axis (β in radians). The particle
size and strain can be calculated using the y-intercept and slope
of the linear fit line, respectively. The extracted particle size of
the manufactured silver nanoparticles was determined to be
12.32 nm, and its lattice strain was determined to be 2.19 ×
10−3. The Williamson−Hall plot for the green-synthesized Ag
nanoparticles is displayed in Figure 5.

3.9. Calculating Intrinsic Stress (σS). We utilized eq
1059,60 to compute the intrinsic stress created in the
nanoparticles due to the departure of the observed lattice
constant of silver nanoparticles from the bulk.

= Y a a
a

( )
2S

0

0 (10)

For silver, Young’s modulus Y = 83 GPa, a = 0.4089 nm for the
lattice constant, a0 = 0.4086 nm for the bulk lattice constant,

Table 1. Data of Crystallite Diameter Size, Interplanar
Spacing, and Lattice Parameters of the Prepared Silver
Nanoparticles

2θ of the
intense
peak (°)

FWHM
β (°)

Miller
indices
(hkl)

crystallite
diameter D
(nm)

interplanar
spacing, d
(nm)

lattice
parameters
(a) nm

38.07 0.41 111 21.4 0.2361 0.4089
44.29 0.64 200 14.1 0.2043 0.4086
64.44 0.35 220 27.9 0.1444 0.4084
77.34 0.46 311 23.2 0.1232 0.4086
average values (nm) 21.65 0.1770 0.4086

Table 2. Williamson−Hall Plotting Data

2θ of the intense peak (°) FWHM β (°) FWHM β (radians) cos θ β cos θ 4 sin θ diameter size D (nm) lattice strain

38.07 0.41 0.007155849 0.94531952 0.00676456 1.30458271
44.29 0.64 0.011170107 0.92623285 0.01034612 1.50780736 12.23 2.19 × 10−3

64.44 0.35 0.006108652 0.84600710 0.00516796 2.13268648
77.34 0.46 0.008025145 0.78075767 0.00626569 2.49933572
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and γ = 0.37 for the Poisson’s ratio. The intrinsic stress of the
sample was measured to be 0.08235 GPa.

3.10. Calculation of the Dislocation Density (δ). The
magnitude of crystal defects is represented by the dislocation
density value, which is the number of dislocation lines per unit
volume of the crystal. The degree of crystallinity of
nanoparticles can be described by the dislocation density
value. Using expression 11,61 the dislocation density in the
nanoparticles has been calculated as follows.

=
aD

15 cos
4 (11)

D = 20.26 nm, a = 0.4089 nm, and β = FWHM. For many
material properties, the existence of dislocations is an apex-
determining factor.54 Such defects distort the regular atomic
array of a perfect crystal structure. The value of 3.062045 ×
10−3 1/nm2 was determined to be extremely small. The high

crystallinity of the silver nanoparticles that were generated in
this way is indicated by the low dislocation density value.62

3.11. Calculation of the Specific Surface Area (S). The
specific surface area is particularly relevant to nanomaterials
because as the particle size reduces, the specific surface area
increases. This is especially significant for surface reactions,
heterogeneous catalysis, and adsorption. The specific surface
area of a material decreases as its particle size increases, making
particle size a decisive element to consider when working with
nanomaterials. The Brunauer−Emmett−Teller (BET) eq 12
can be used to determine the specific surface area.63−65

= ×
×

S
D
6 103

P (12)

The nanoparticle size is denoted as Dp, the density of silver is
assumed to be 10.5 g cm−3, and S denotes the specific surface
area. The surface area per gram of the produced silver

Figure 5. Williamson−Hall plot of the prepared silver nanoparticles.

Table 3. Some Structural and Mechanical Properties

lattice strain
(ε)

intrinsic stress (σS)
(GPa)

dislocation density (δ)
(m2)

specific surface area (S)
(m2/g)

atomic sphere volume
(nm3)

volume of unit cell (VC)
(nm3) APF

2.19 × 10−3 0.08235 3.062045 × 10−3 28.2 0.050030 0.067565 0.74

Figure 6. (a) FESEM image of the prepared Ag nanoparticles. (b) EDX spectrum.
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nanoparticles was determined to be at 28.2 m2, as presented in
Table 3.

3.12. Calculation of the Crystalline Index. The original
crystallite size of a nanomaterial is proportional to the peak
width of the phase of that nanomaterial. A more pronounced
peak in the XRD pattern is indicative of a crystal material. Peak
broadening was found in the XRD data collected from silver
nanoparticles. The particle size was measured to be 20.26 nm
using the Debye−Scherrer equation, while the crystallite size
was determined to be 20.62 nm using the FESEM particle size
standard. Therefore, we may now assess the crystallinity of the
sample with an index of 1.018 (≥1.00).66 Eq 13 for the
crystalline index calculation is given below

=I
D

D
I

( SEM, TEM)
(XRD)

( 1.00)cry
P

cry
cry

(13)

where Icry is the crystallinity index, Dp is the particle size
obtained from the FESEM image (shown in Figure 6a), and
Dcry is the particle size (calculated from the Debye−Scherrer
equation).

3.13. Data Analysis Using a Field-Emission Scanning
Electron Microscope and an Energy-Dispersive X-ray
Spectrometer. Silver nanoparticles of varying sizes and
shapes were examined using FESEM to learn more about
nanostructured materials. Silver nanoparticles produced using
the PKL extract are illustrated in Figure 6a,b.
The results demonstrated the wide range of sizes and shapes

of the silver nanoparticles. In comparison to pure silver, these
substances could have some sort of unusual properties.
Characteristics such as a large specific surface area, high
surface reaction, and a well-organized transmission channel for
the analyte molecules to reach the active sites will help develop
stability and sensitivity of silver nanoparticles, and hence, Ag
nanoparticles show outstanding current sensitivity for both
hydrogen peroxide (H2O2) and dopamine (DA). It is also
revealed that the overall crystal form is spherical in shape.
From the FESEM images, the sample grain sizes were
estimated to be 20.62 nm. The size of polycrystalline particles
is depicted by the FESEM image. Most metals, including Ag,
have FCC structures and grow from nucleation into twinned
and multiply twinned particles (MTPs) with surfaces bordered
by the lowest-energy (111) facets. Ag nanoparticles tend to
agglomerate due to the high surface energy and high surface
tension of the ultrafine nanoparticles, which may account for
the observation of some larger nanoparticles. Catalytic activity,
a crucial feature of the produced Ag NPs, is enhanced by their
small particle size and wide surface area.67

Figure 6b shows the EDX spectra of the produced Ag
nanoparticles. The sample was analyzed for its elemental
composition using an EDX spectrometer attached to a field-
emission scanning electron microscope.
Here, L and K are indicated by the first and second shells of

the orbit for any atom. In the case of Ag atoms, the first shell
represents AgL, where the electron transition or emission
occurs due to the X-ray peak. In addition, the upper peak is
called α (α) and the lower peak is called β (β). Now, AgLα,
AgLβ, and AgLβ2 are the emissions from M to L, from N to L,
and from the second subshell of N to L. Similarly, CKα
indicates electron transition from the L to K shell of the carbon
atom; OKα indicates L to K shell electron transition of the
oxygen atom, and ClKα indicates the L to K shell electron
transition of the chlorine atom. Binding energy peaks at 3.0,

3.2, and 3.3 keV are associated with AgLα, AgLβ and AgLβ2,
while those at 0.277, 0.3, and 2.621 keV are exclusive to CKα,
OKα, and ClKα, respectively. It is evident that no further
impurity peaks were observed. The elements present in the
produced Ag nanoparticles were quantified by EDX analysis,
which revealed 48.1% for Ag, 19.93% for carbon, 30.66% for
oxygen, and 1.31% for Cl. Alkyl chain stabilizers are more
likely, given the presence of carbon and oxygen spots in the
analyzed samples.68

4. CONCLUSIONS
Using AgNO3 as a metal precursor and an extract of PKLs as a
reducing and capping agent, this study describes the synthesis
of silver nanoparticles at room temperature. First of all, the
color of the AgNO3 solution and PKL extract mixture changed
from yellow to brown over the reaction time, which confirmed
a full-fledged conversion reaction. In the case of character-
ization after synthesis, UV−visible absorption spectroscopy,
FTIR, XRD, FESEM, and EDX were all employed to describe
and probe the alteration and nature of silver nanoparticles from
Pathor Kuchi leaves. At the outset, the presence of a broad and
sharp absorption peak at 443.00 nm in the UV−visible
absorption spectrum demonstrates the formation of silver
nanoparticles. Moreover, using the Debye−Scherrer equation,
the typical crystallite size of the sample was found to be 20.26
nm indicating a nanocrystal. The morphological analysis using
FESEM images further revealed that the produced silver
nanoparticles are spherical in shape and have a size of 20.625
nm, which is basically very close to the computed value
(20.260 nm) from the XRD data using the Debye−Scherrer
equation. Furthermore, X-ray diffraction examination confirms
that the nanoparticle has an FCC crystalline structure, wherein
the (111) plane is the dominant peak and possesses a surface
with an atomic arrangement with threefold symmetry, showing
an apparent sixfold hexagonal symmetry. In addition, from the
elementary analysis by EDX analysis, the percentages of Ag, C,
O, and Cl are in 48.1, 19.93, 30.66, and 1.31%, respectively.
Finally, the lattice strain (ε), intrinsic stress (σS), dislocation
density (δ), specific surface area (S), unit cell volume (VC),
and atomic packing fraction (APF) are found at 2.19 × 10−3,
0.08235 GPa, 3.062045 × 10−3 nm2, 28.2 m2/g, 0.067565 nm3,
and 0.74, respectively. However, this paper introduced a new
biosynthesis method for Ag NPs, which is significantly faster,
cost-effective, and value-generating. The surface area was
found to be 1289.50 nm2, and the ratio of the surface area to
volume is 29.6 × 107, which is significantly high. Second, the
particle size is 20.626 nm, which shows that the particle size of
the crystal is better. Therefore, due to their small crystal size
(20.652 nm) as well as catalytic activity, they have potential for
various applications in targeted drug delivery, water treatment,
materials for solar cells and biosensors, or electronic devices.
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