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Abstract: In the present study, an environmentally benign process of synthesis of the silver
nanoparticles (Ag NPs) using Artocarpus Heterophyllus (Jack Fruit Leaves) as both stabilizing and
reducing agents. The nanoparticles formation was observed by color change from pale yellow to dark
brown. The effect concentration ratio of leaves extract intake and of silver nitrate solution on
synthesis of Ag NPs was studied. The synthesized nanoparticles are characterized by XRD, SEM and
FTIR techniques to analyze size, morphology and functional groups. The formation of silver
nanoparticles was confirmed from UV spectroscopic technique. The crystallographic structure of
synthesized Ag NPs was recognized using powder XRD technique. The presences of organic and
inorganic compounds in synthesized nanoparticles were identified using FTIR analysis. The average
size of synthesized nanoparticles was estimated using XRD patterns and SEM analysis.
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Green Synthesis And Characterization Of Silver Nanoparticles Using Artocarpus Heterophyllus Leaves Extract

Introduction:

Nowadays nanotechnology plays a pivotal role in
advancement of science and technology.
Nanomaterials have a size of 1 to 100
nanometers.? At this size nanomaterials possess
some unique properties like large surface area and
small dimensions which affects the physical,
chemical and biological properties.** So they are
having wide range of applications in many fields
like medicine,>® dye removal,”® industrial and
energy uses.”*?

A wide range of nanoparticles have been termed
unceremoniously through the vyears including
nanospheres, nanorods, nanochains, nanostars,
nanoflowers, nanoreefs, nanowhiskers, nanofibers
and nanoboxes.**® Nanoparticles can have
different shapes based on their intrinsic crystal
habit or their environment around while
formation. Inhibiting crystal growth by coating
certain faces with additives, forming emulsion
droplets and micelles when preparing precursors,
and shaping pores within solid materials are
examples of these factors.'” In some applications,
nanoparticles may need specific shapes, as well as
specific sizes or sizes ranges. Despite their
amorphous nature, amorphous particles tend to
shape up as spheres (owing to their isotropy at a
micro structural level). In nanoparticle form, a
material's properties differ significantly from its
bulk properties even when divided into
micrometer-sized segments,#%

Additionally, nanoparticles can be synthesized by
physical, chemical, and biological methods, but
these are less preferred by reason of their high
maintenance costs, toxic reducing agents, and
long degradation times. Phytochemicals present in
plant leaves have anti-oxidant or reducing
properties that enable metal nanoparticles to be
synthesized.? Ag NPs are among the most widely
used nanomaterials due to their antimicrobial,
electrical, and optical properties.?*?®  Silver
nanoparticles are nanoparticles of silver of
between 1 nm and 100 nm in size. Commonly
used silver nanoparticles are spherical, but
diamond, octagonal, and thin sheets are also
common. The large surface area of these
molecules allows them to coordinate a large
number of ligands. Researchers are examining the
properties of Ag NPs that might be useful for
human treatments in animal studies, assessing
their potential efficacy, toxicity, and cost. In order
to synthesize Ag NPs, different physical and
chemical methods can be used. It was, however,
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the high production costs and toxicity problems
associated with the above techniques that opened
up the door to an efficient, reliable, and
environmentally benign green chemistry method.
Many studies have been conducted on the green
synthesis of Ag NPs using various leaves, such as
guava and neem, aloe vera, lemon, hibiscus,
tulasi, and so forth, but most have focused on
their antibacterial properties.**?” Dye removal
from green synthesized Ag NPs using various dye
molecules, however, is rarely investigated.?®

Materials and Methodology:
i) Materials:

1. Artocarpus Heterophyllus(Jack Fruit) leaves
powder

2. Silver Nitrate (AgNOs, Fisher Scientific,
99.8%)

3. Distilled Water
4. Whatman Filter Paper

if) Methodology:

Artocarpus Heterophyllus leaves were cleaned
using distilled water and Sun dried for two days,
and the dried leaves powder was prepared from
the leaves. 20 grams of Artocarpus Heterophyllus
leaves powder was taken into a beaker along with
200 ml of distilled water. The solution mixture is
subjected to continuous stirring at 400 rpm and
heating at 50°C respectively using magnetic
stirrer for 30 minutes. The obtained solution is
filtered using Whatman filter paper and the leaves
extract is separated. 100 ml of 6 mM silver nitrate
solution is prepared. The prepared 10 to 20
samples containing 2 ml of silver nitrate solution
and 10 ml of leaves extract forms a pale yellow
colored solution. The samples were stored in a
dark chamber for 60 - 120 minutes, observed the
color change from pale yellow to dark brown. The
formation of Ag NPsis confirmed upon the colour
change from pale yellow to dark brown.

R\ TRY

Figure-1: Artocarpus Heterophyllus (Jack Fruit) Leaves.
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The same process was repeatedly performed for
different ratios of leaves powder and distilled
water i.e.,, 1:10, 1:20 for two concentrations of
AgNOs solution i.e 6mM and 10mM. The
samples, after observing the color change were
centrifuged at 6000 rpm for 30 minutes using
centrifuge apparatus. The particles formed were
separated using filtration and cleaned twice using
distilled water and dried for 10 min at 50°C to
obtain silver nanoparticles powder. The obtained
silver nanoparticles powder from all the four
cases were further characterized using UV-
spectroscopy, XRD, FTIR and SEM analysis.
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Results and Discussion:
Characterization of Ag — Nanoparticles
A) UV - Visible Spectroscopy Analysis:

Figure-2 (a), (b), (c) and (d) shows the UV-visible
absorption spectrum of silver nanoparticles that
were synthesized using jack fruit leaves at two
different ratios of leaves powder and distilled
water for two different molarities of AgNO;
solution i,e 1:10 - 6mM, 1:10 - 10mM, 1:20 -
6mM, 1:20 - 10mM respectively.
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Figure-2: (a), (b), (c), and (d) are UV- visible spectrum of green synthesized silver nanoparticles for four different cases.

The presence of absorbance peak for the four
cases are in the range of 450 - 500 nm indicates
the formation of silver nanoparticles.?** The
absorbance spectra of silver nanoparticles
synthesized using jack fruit leaves show an
additional peak at around 370 nm, which can be
associated to the quadrupolar resonance in besides
the primary dipole resonance. The same
observations were reported by Garcia et al., with
aloe vera leaves extract.™
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B) X - Ray Diffraction Analysis:

The phase purity and crystalline nature of the Ag
nanoparticles was further confirmed from the
powder XRD technique. Figure-3(a), (b), (c) and
(d) shows the XRD patterns of the green
synthesized silver nanoparticles using jack fruit
leaves (Artocarpus Heterophyllus) extract.

The observed XRD patterns establish the single-
phase nature of the Ag nanoparticles and no
impurity peaks were identified.
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Figure-3: (a), (b), (c) and (d) are X-Ray Diffraction Analysis of green synthesized silver nanoparticles for four different cases
mentioned above.

Five peaks at 20 values of 27.9775, 32.3713,
38.3246, 44.4028, 64.6473, 77.5578 and 81.6357
degrees corresponding to (210), (122), (111),
(200), (220), (311) and (222) planes of silver is
observed and compared with the standard powder
diffraction pattern of Joint Committee on Powder
Diffraction Standards (JCPDS # 04-0783).

XRD - Particle Size Calculation:

In the present study, considering the peak at
degrees, average particle size has been calculated

by using Debye-Scherrer formula.®>3

_ 092
BCosHO

Where ‘A’ is the wave length of X-Ray
(0.1541862 nm), ‘B’ is FWHM (Full width at half
maximum), ‘0’ is the diffraction angle and ‘D’ is
particle diameter size. The calculated particle size
details are given in Table: 1(a) —1(d).

Table-1(a): The grain size of Silver NanoPowder (for the Case: Ag NPs —1:10 6mM AgNOs).

The Intense The Value FWHM of FWHM of Crystallite Average Crystallite
Peak Position of ‘0’ in hkl Intense Peak Intense Peak Size of Ag Size of Ag NPs
20’ (Degrees) | (Radians) ‘B’ (Degrees) ‘B’ (Radians) | NPs ‘D’ (nm) (nm)

27.59 0.24 (210) 1.11 0.02 7.71
32.10 0.28 (122) 1.16 0.02 7.46
37.99 0.33 (111) 0.48 0.01 18.31
4411 0.38 (200) 1.18 0.02 7.57 11.35
64.39 0.56 (220) 0.62 0.01 15.75
77.32 0.67 (311) 0.97 0.02 10.98
81.44 0.71 (222) 0.94 0.02 11.67
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Table-1(b): The grain size of Silver Nano Powder (for the Case: Ag NPs —1:10 10mM AgNOs3).

The Intense The Value FWHM of FWHM of Crystallite Average
Peak Position of ‘0’ in hkl Intense Peak Intense Peak Size of Ag Crystallite Size of
20’ (Degrees) (Radians) ‘B’ (Degrees) ‘B’ (Radians) NPs ‘D’ (nm) Ag NPs (nm)

27.9775 0.2441 (210) 0.8777 0.0153 9.74
32.3713 0.2825 122 1.0189 0.0178 8.48
38.3246 0.3344 (111) 0.7773 0.0136 11.30
44.4028 0.3875 (200) 1.9892 0.0347 4.51 10.10
64.6473 0.5642 (220) 0.7986 0.0139 12.29
77.5578 0.6768 (311) 0.9340 0.0163 11.39
81.6357 0.7124 (222) 0.8463 0.0148 12.96

Table-1(c): The grain size of Silver Nano Powder (for the Case: Ag NPs — 1:20 6mM AgNOs).

The Intense The Value FWHM of FWHM of Crystallite Average Crystallite
Peak Position of ‘0’ in hkl Intense Peak Intense Peak Size of Ag Size of Ag NPs (nm)
20’ (Degrees) (Radians) ‘B’ (Degrees) ‘B’ (Radians) NPs ‘D’ (nm)

27.98 0.24 (210) 0.78 0.01 11.02
32.41 0.28 122) 0.92 0.02 9.44
38.34 0.33 (111) 0.68 0.01 12.89
44.45 0.39 (200) 1.31 0.02 6.83 10.33
46.38 0.40 (220) 1.08 0.02 8.36
64.73 0.56 (311) 0.76 0.01 13.00
77.61 0.68 (222) 0.99 0.02 10.80

Table-1(d): The grain size of Silver Nano Powder (for the Case: Ag NPs —1:20 10mM AgNO3).

The Intense The Value FWHM of FWHM of Crystallite Average Crystallite
Peak Position of ‘0’ in hkl Intense Peak Intense Peak Size of Ag Size of Ag NPs (nm)
20’ (Degrees) (Radians) ‘B> (Degrees) ‘B’ (Radians) | NPs ‘D’ (nm)

28.0200 0.2445 (210 0.7083 0.0124 12.08
32.4374 0.2831 122) 0.7527 0.0131 11.48
38.3978 0.3351 (111) 0.7185 0.0125 12.23
44.4996 0.3883 (200) 1.9722 0.0344 4.55 10.60
64.7579 0.5651 (220) 0.8392 0.0146 11.71
77.6395 0.6775 (311) 1.0627 0.0185 10.02
81.7414 0.7133 (222) 0.9034 0.0158 12.16

C) Particle size analysis using SEM(Scanning Electron Microscopy) analysis:

SEM HV: 15.0 kV WD: 12.31 mm Ll VEGA3 TESCAN| SEM HV: 15.0 kV WD: 12.24 mm prpeleng VEGA3 TESCAN
SEM MAG: 15.0 kx Det: SE SEM MAG: 15.0 kx Det: SE 2 pm
COEXAMMPC - VFSTR View field: 13.8 pm Date(m/dly): 03/22/22 COEXAMMPC - VFSTR
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SEM MAG: 10.0 kx Det: SE SEM MAG: 10.0 kx Det: SE 5 pm
View field: 20.7 pm  Date(m/dly): 03/22/22 COEXAMMPC - VFSTR View field: 20.8 ym  Date(m/dly): 03/22/22 COEXAMMPC - VFSTR

Figure-4: (a), (b), (c) and (d) are SEM images of green synthesized silver nanoparticles for four different cases.
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The physical structure of Ag-NPs as shown in the
Figure-4 (a), (b), (c) and (d), the Ag NPs surface
was irregular and rough. It is quite difficult to
confirm the particle size from the recorded SEM
micrograms because of the highly agglomerated
Ag-NPs. The grain sizes of the samples estimated
from the SEM picture is larger than that obtained
from XRD data. This means that, the SEM picture
indicates the size of polycrystalline particles.
Generally, on the nanometer scale, metals (most
of them are FCC) tend to nucleate and grow into
twinned and multiply twinned particles (MTPS)
with their surfaces bounded by the lowest-energy

D) FTIR analysis:

Section A-Research Paper

{111} facets. The observation of some larger
nanoparticles may be attributed to the fact that Ag
nanoparticles have the tendency to agglomerate
due to their high surface energy and high surface
tension of the ultrafine nanoparticles. The fine
particle size results in a large surface area that in
turn, enhances the nanoparticles catalytic activity.
The SEM images were blurred as the instrument
present at the institute was unable to take images
of particles below 100nm. The aggregation of Ag
particles may be attributed to the smaller ones,
because of the SEM measurements.
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Figure-5: (a), (b), (c), and (d) shows the FTIR spectra of synthesized silver nanoparticles for four different cases
i.e 1:10 - 6mM, 1:10 - 10mM, 1:20 - 6mM, 1:20 - 10mM respectively

With the help of FTIR measurements one can get
the information around the local molecular
environment of the organic molecules on the
nanoparticles surface. These measurements were
executed to detect the probable biomolecules
which are accountable for capping and efficient
stabilization of the metal nanoparticles

Eur. Chem. Bull. 2022, 11(Regular Issue 11), 935 - 942

synthesized by jack fruit leaves extract. Figure-5
(2)-(d) shows the FTIR spectra of Ag NPs
synthesized using leaf extract of different
concentrations. From figure-5(a), Broad band
around 3200 cm~'corresponding to the stretching
modes of N-H/O-H groups. The peaks observed
between 3100 — 3000 cm™! can be attributed to
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C=C stretching modes in alkynes. The peak
observed at 1589.86 ¢cm~! can be ascribed to
C=C, C=N, C=0. The peak with an approximate
maximum around 143552 cm~! is due to
symmetric  binding of CH; At 1192
cm~Y(asymmetry bridge bond C-O-C stretching
vibration), peak at 1059 c¢m~! can be —-OH
distortion vibration. The peaks between the 1000
— 1300 cm™1 are assigned to esters.

From figure-5(b), Broad band around 3300 cm™!
corresponding to hydrogen bonded phenols and
alcohols or bonded hydroxyl group. A sharp peak
at 1597 cm~lcanbe C =C, C = N, C = 0.The
peak at 1435 cm~1is due to symmetric binding of
CHs.The peaks between 1096 — 1059 cm™! can
be -OH distortion vibration.

From figure-5(c), Broad band around 3000
cm~'corresponding to hydrogen bonded phenols
and alcohols or bonded hydroxyl group. The peak
at 1435 cm~'is due to symmetric binding of
CHa. The peak at 1589 cm™~'can be assigned to C
= 0. The peak at 1250 cm~! can be assigned to C-
N, C-O.

From figure-5(d), Broad band around 3200
cm~1corresponding to hydrogen bonded phenols
and alcohols or bonded hydroxyl group. The peak
at 1604 cm~1 can be assigned to C = O. The peak
at 1428 cm~! is due to symmetric binding of
CHas. The peak at 1250 cm™? can be assigned to
C-N, C-O. The peak at 1059 ¢m~! can be -OH
distortion vibration.3*%

Conclusion:

Silver nanoparticles were successfully synthesized
by using Artocarpus heterophyllus extract and
silver nitrate aqueous solution. The presence of
phytochemicals in Artocarpus heterophyllus was
responsible for the reduction of Ag*into Ag and it
was confirmed with UV-Visible spectra. The
crystalline nature of Ag NPs was evident from
sharp peaks obtained from the X-ray diffraction.
The functional groups present in the synthesized
nanoparticles were identified using FTIR analysis.
Further the synthesized silver nanoparticles are
subjected to SEM analysis. The average crystallite
size of Ag NPs was identified in the range of 10 to
11nm determined from XRD patterns. This echo
friendly synthesis method of silver nanoparticles
may provide a quick, cheap and suitable
alternative method.
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