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Abstract

By exploring biological sources, the area of nanotechnology is currently
thriving and offers a fresh method. Plant extract-mediated green
nanomaterial synthesis has gained appeal as a result of its cost-
effectiveness and environmentally beneficial characteristics. In this
study, Ag NPs were successfully synthesized from reducing Ag+ ions
using Mangifera indica leaf extracts as a source of reducing and capping
agents. Several different microscopic and spectroscopic approaches were
used in order to characterize the produced Ag NPs. Analyses using XRD
and SEM have been carried out to look into the morphology of the
generated Ag NPs. The (XRD) pattern peaks are associated with the
metallic silver in the (FCC) shape. Silver nanoparticles average grain size
is in the 10-100 nm range for all concentrations of AgNOs. The shape of
the produced silver nanoparticles was determined to be round and
spherical by (SEM), and their total size was determined to be between 50
and 100 nm. Analysis using EDX spectroscopy also demonstrated the
production of silver and the presence of components that performed the
function of a capping agent. (FT-IR) spectra were performed in order to
determine the organic groups like carbonyl, hydroxyl, amine, and protein
molecules. Analysis using (FT-IR) spectroscopy publicized the presence
of flavonoids, polyphenols, and amide groups, all of which are candidates
for being responsible for the environmentally friendly creation of silver
nanoparticles. From (VSM) analysis, the biosynthesized Ag NPs were
weak ferromagnetic in nature, which would be a potential research arena,
especially for device application and medical equipment construction

using these magnetic crystalline AgNPs.
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1. Introduction

In recent years, nanotechnology has exhibited quick and successful growth since it enables the
development of known materials with diverse characteristics [1]. Any material's inherent qualities
may be altered by shrinking it to the nanoscale [2]. As a result, the characteristics of a nano structured
material might be vastly different from those of the bulk material, allowing it to be used in various
applications [3]. Nanoparticles made of metal have a large surface area in addition to a high surface
atom fraction [4]. As a result of the singular physicochemical features that nanoparticles
possess including even enzymatic performance, optical characteristics, electrical characteristics,
magnetic properties, and antibiotic capabilities, nanoparticles are becoming an increasingly
important component [5]. Because of their unique approaches to synthesis, scientists are becoming
more interested in them. Over the previous several years, the combination of metal nanoparticles has
been an essential topic of research in modern material science [6]. In high-sensitivity intramolecular
surveillance, diagnostics, therapies, catalyst supports, and microelectronics, silver particles have
significant potential [7]. There is, however, still a need for environmentally viable and friendly
products [8]. It is general knowledge that silver has an impact that is inhibitory on a wide variety of
bacterial strains and germs that are often found in industrial and medicinal procedures [9].The use
of silver and nanoparticles made of silver have a diverse array of applications in the realm of
therapeutics, including antimicrobial silver ointments and lotions for the skin, which are used to treat
burns and open wounds without the risk of infection [10]. Silver-impregnated polymers are used in
the manufacture of medical equipment and implants, among other things [11]. Silver-embedded
textiles are now being used in the sports goods sector of the textile industry [11]. Nanoparticles are
able to be manufactured by a variety of chemical, physical, and biological processes [12].
Nevertheless, chemical and physical methods produce toxic products and lead to non-eco-friendly
and hazardous conditions; moreover, the precise control plans are costly [13].

Stabilize metal nanoparticles with regulated size and shape; there has been a quest for an
economical, safe, and dependable non-toxic and "green™ approach; the revolutionary process of so-
called green synthesis is an example of one such approach. A "green synthesis™ of nanoparticles is
one that employs chemicals that are safe, non-toxic, and beneficial to the environment. Plants provide
a superior platform for green synthesis due to the absence of potentially harmful compounds on their
surfaces, as well as the presence of naturally occurring capping agents [14]. Moreover, the use of
plant extracts also decreases the cost of the plant extracts themselves.
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There have already been several trials like this one started, including synthesizing a wide variety
of metal nanoparticles produced by employing fungi such as Fusarium oxysporum and Penicillium
sp., in addition to using certain bacteria such as Bacillus subtilize [15]. This method also has the
advantage of having a particular benefit, which is that the plants can be found in a wide variety of
locations, are easily accessible, are significantly less dangerous to work with, and assist as a source
of numerous different metabolites [16]. In the process of creating nanoparticles, leaf broths, the green
parts of plants, and all other kinds of herbs are also used as an alternative to hazardous chemicals
[17].

The flourishing “Green synthesis” has the potential to become a viable alternative to the
traditional chemical production of nanoparticles. Thus, scientists worldwide have been searching for
new substrates from nature. However, no report is available on Ag NPs synthesis using several
concentrations of AgNoz solution and mango (Mangifera indica) leaf extract to the best of our
knowledge. Mangifera indica is the most common favourite food in our country. Additionally, it has
antioxidant, hypertensive, and anti-diabetic actions are some other beneficial effects[18].

As a result, the extract of the leaves of Mangifera indica might be a possible option for use in
the green production of silver nanoparticles as a source of reducing as well as capping agents. The
nuclei of silver should be as tiny as possible for maximum antibacterial action [18]. Aside from that,
the catalytic activity of nanoparticles is reliant on their size, structure, shape, and the chemical-
physical environment in which they are put. [19]. Changing the synthesis processes and adding
reducing agents and stabilizers are often used to precisely control form, size, and size distribution.
2. Materials and Methods

2.1. Chemicals and reagents: AgNO3z (Merck, Germany), Mangifera indica (mango) tree leaves,
and deionized water.
2.2. Preparation of Mangifera indica (Mango) leaf extract

One of the most well-known and often used expressions in all tropical fruits is the mango. It is
found almost everywhere globally. We collected fresh mango leaves locally, washed them to remove
the impurities multiple times with fresh water, then sun-dried them to eliminate any remaining
moisture after that blinded them for making powder (Figure 1). After that, the plant extract was made
by combining 5 grams of the powdered leaf with 1 liter of deionized water in a conical flask and then
heating the mixture to 80 degrees Celsius for ten minutes. After filtering the Leaf extract solution

was preserved at 4°C in the refrigerator.
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Figure 1: Schematic diagram of the synthesis of Ag NPs

2.3. Synthesis of silver nanoparticles

A total of 300 mL of 20 mMAgNOs3 solution was added to 150 ml of leaf extracts at a ratio of 2:1
(Figure 1). The solution was then hand-shaken to ensure thorough mixing. After that, the solution
was agitated with a magnetic string at a temperature of 70 degrees Celsius for an hour and a half.
The reaction was allowed to settle at room temperature. Then it was subjected to a centrifuge for 20
min at room temperature with 4000 rpm. The supernatant was separated. The same procedure was
repeated for 50 mM AgNOs and 100 mMAgNO:s.

2.4. Energy Dispersive X-ray (EDX) Spectra and Scanning Electron Microscopy (SEM) analysis

JEOL, JSM 7600 F, in Japan, carried out the EDX investigation employing a voltage of 15 kV for
the acceleration and a current of 12 mA for the emission. SEM was performed by JEOL, using their
model JSM 7600 F from Japan. An acceleration voltage of 15 kV was used, and a 12 mA emission
current was measured. EDX spectra performed the elemental analysis of the synthesized silver
nanomaterial. The dried powdered Ag nanomaterial was positioned on a 1 cm x 1 cm conducting
steel plate. After that, the steel plate was situated above a conductive carbon strip that had been
bonded. Furthermore, the sample was positioned inside the primary SEM chamber that was

connected to the EDX apparatus.
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2.5. Infrared spectra analysis

FT-IR spectra were collected using a JASCO-FTIR-6300 from Japan, and wave numbers ranging
from 400 to 4000 cm™ were used for the collection. In this particular instance, samples with a weight-
to-volume ratio of one percent (w/w) were combined with KBr powder and formed into a thin slice.
The infrared spectrum of the dried samples of mango leaf to powder and synthesized silver
nanomaterial were recorded on an FTIR spectrometer in 4000 — 400 cm™. It is usual practice to
produce IR spectra of solid samples by combining a little amount of the substance to be tested with
crystals of dry and pure KBr, then mixing and grinding the mixture. A pestle was used inside of a
mortar to achieve the task of crushing the components and mixing them together. Following this
step, the powder mixture was put into a metal container and then exposed to between 8 and 10 tons
of pressure in order to form a pellet. Following that, the pellet was positioned in such a way that it

would be lighted by the IR beam in order to facilitate the taking of measurements.

2.6. Thermo-gravimetric analysis (TGA)

TGA was performed in an environment containing N2 using the TGA instrument SDR Q-600, which
was set to operate from 25 to 800 degrees Celsius with a heating rate of 10 degrees Celsius per
minute. This investigation is being carried out to find out how temperature affects phase transition.
The silver nanoparticles were heat-treated at 100 °C, 200 °C, 300 °C, 400 °C, 500 °C, 600 °C, 700
°C, and 800 °C for three hours in a muffle furnace.

2.7. Procedure for X-ray diffraction

An XRD investigation was carried out with the assistance of a Philips PANalytical X'PERT PRO X-
ray powder diffractometer that was fitted with CuKa radiation (1.5418 A). The voltage was 40 keV,
and the current was 30 mA, while the spectra to detect were being recorded. Powdered silver (Ag)
nanoparticles were subjected to X-ray diffraction analysis in order to determine their unique pattern.
The powder samples were compacted in a square aluminum sample container (40 mm) with a one-
millimeter deep rectangular hole (20 mm 15 mm) and pushed against an optically smooth glass panel.
In the same plane as the top surface of the sample, the sample holder's label was affixed to the plane.

Following that step, the sample holder was installed into the diffractometer.
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2.8. Vibrating sample magnetometer (VSM)
An instrument called a vibrating sample magnetometer was used to examine the magnetic
characteristics of the Ag NPs (EV-9 Micro Sense, German). In this investigation, the first thing that
needed to be done was to build a vibrating mechanism that was capable of vibrating the sample at an
amplitude that was both quantifiable and tunable. The last phase consisted of the magnetic field used

for perturbations, detected by the detecting coils.

3. Results and discussion

3.1.  X-ray Diffraction (XRD) analysis

The crystalline nature of the green synthesized AgNPs was confirmed using the XRD technique, and
the corresponding XRD patterns of the green synthesized Ag NPs for 20 mM (a); 50 mM (b); and
100 mM (c) are shown in Fig.2. The diffraction peaks of synthesized Ag NPs for 20 mM solution (a)
were obtained at the 20 values of 38.19°, 44.42°, and 64.49° corresponded to the planes (111), (200),
and (220), respectively. For synthesized Ag NPs for 50 mM (b), diffraction peaks were found at the
20 values of 38.19°, 44.42°, and 64.61°, which corresponded to the planes (111), (200), (220),
respectively. Similar diffraction peaks were observed for synthesized silver nanoparticles from
100mM AgNO3 solution indicated in Figure 2 and denoted by (¢) where the 26 values were 38.30°,
44.52°,64.61°. We also investigated the corresponding plane of the 26 value and likely to the plane
(111), (200), and (220), respectively. For every set of 20 values and plane direction, this is
understandable that the prepared AgNPs are face-centered cubic [20]. In addition, the unspecified
peaks may be concomitant with the organic compounds which originate from the Mangiferaindica
leaf extract and act as capping agents that stabilize the Ag NPs [20]. Scherrer's formula determined
the average crystallite size of the ready samples (a, b, ¢) from the most substantial peak. The
calculated crystallite size was about 35.43 nm, 14.89 nm, and 61.90 nm. Moreover, the smaller the
particle sizes are because the particles are encapsulated at the time of nucleation, hindering the
aggregation and reducing the particle size [21]. Generally, increasing the concentration of the

precursor, the rate of nucleation rises with an increase in particle size [21].
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Figure 2: (a) XRD patterns of the green synthesized Ag NPs for 20 mM; (b)XRD patterns of the
green synthesized Ag NPs for 50 mM; (c) XRD patterns of the green synthesized Ag NPs for 100

mM.

3.2. Thermo-gravimetric Analysis (TGA)

In order to consider the consequence that temperature has on 20mM, 50mM, and 100mM solution-

mediated Ag NPs, Thermo-gravimetric Analysis (TGA) was carried out between 25°C and 800 °C,

and the corresponding data are shown in Figure 3 (a, b, and c curves, respectively). The initial weight
loss was detected up to 159.97 °C (1.22%) in (a), up to 173 °C (2.99%) in (b), and up t0146.58 °C

(5.88%) in (c), which may be attributed to the release of water molecules occupied on the surface of

Ag NPs [22].
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Figure 3: TGA plot for as synthesized silver nanoparticles Ag NPs using 20mM AgNOs (a), 50 mM
AgNOs (b) and 100mM AgNO:s (c) solution.

The second weight loss was obtained up to 705.30 °C (35.96%), 604.36°C (26.7%), and 533.43°C
(16.63%) for the (a), (b), and (c) TGA curve respectively that might be due to the ejection of organic
compounds attached on the surface of Ag NPs acted as capping agents. Similar studies were reported
by earlier workers [22]. The curve was not remaining steady among the whole range, but it started

to become constant from just before 800°C.

3.3 Fourier Transform Infrared (FT-IR) spectra analysis

The FT-IR spectra of the sample of Mangifera indica (Mango) leaf powder and synthesized Ag NPs
were documented by an FTIR spectrometer in the 4000 — 400 cm™ and shown in Figure 4. In the
figure, there are four curves as a, b, and ¢ FTIR Spectra for Ag NPs using 20 mM AgNOs, 50 mM
AgNO3z, and 100 MM AgNO:s solution respectively. Another Spectrum is pure Mango Leaf powder
which is denoted as d.To determine the potential causes, FT-IR analysis was performed on the
biomolecules that were found to be responsible for the degradation of the Ag+ ions as well as the
capping agents that were shown to be responsible for the stability of the Ag NPs. Fig. 4 (curved d)
represents the FT-IR spectrum of the plain Mangifera indica leaf (mango leaf) extract powder. The
peaks were obtained at 478.42, 661.52,787.87, 1068.56, 1313.52, 1431.18, 1635.54, 2856.58,
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2922.16, 3419.79, 3707.18, 3772.76 cm™ which agreed well with the reported values [23]. The
matching organic functional groups for peak standards were might be 478.42 cm™ for C-X (Alkyl
halide), 661.52 cm™ for C-CI (Alkyl chloride), 1068.56 cm™ for O-H (Alcohol) or C-F (Alkyl
fluoride), 1313.52 cm™* for different sorts of amines group (N-H), 1431.18 cm™*for -C-H (Alkane) or
C=C (Aromatic), 1635.54 cm™ for C=C (Alkene) or C=0 (Carbonyl), 2856.58 cm™, and 2922.16
cm for alkanes [24]. The terpenoids also compact silver ions and oxidized to carboxyl groups, thus,
consequential in a band at 1635.54 cm™. The peak corresponding to the amine band at 1313.52 cm™
has extended and specifies the protein's coating of the silver nanoparticles [25]. It is well known that
proteins have the capability to attribute to Ag NPs through free amine group remainders [26]. A
comparable mechanism could be functioning in the contemporary case where proteins extracted from
the mango leaf capped the Ag NPs [26]. Analyzing Figure 4 (curve a), the obtained peaks correspond
to 472.56 cm™ for (Alkyl Halide), 1072.42 cm™ for (Alcohol) or C-N (Amine), 1622.13 cm for
C=C(Alkene), 2860.43 cm™, and 2922.16 cm™ for alkanes C-H, 3442.94 cm™ for O-H (Alcohol) or
N-H (Amine), 3701.40 cm™, and 3770.84 cm™ for O-H (Alcohol) [27]. We can pay no consideration
to the possibility that approximately other bioorganic compounds can be present in solution and
contribute to reducing silver ions and stabilizing the nanoparticles thus shaped by surface capping.
At the moment, work is being done to separate the various bioorganic fractions found in the broth
made from mango leaves and examine each one separately for their ability to reduce the number of
silver ions and bond with the nanoparticles. In Figure 4 (curve b), it was apparent that the leaf extract
reconciled Ag NPs and the found peaks are matched to 484.13 cm™ for (Alkyl Halide), 1068.56 for
(Alcohol) or C-N (Amine), 1633.71 cm™ for C=C(Alkene), 2856.58 cm™, and 2924.09cm™ for
alkanes C-H, 3452.22cm™ for O-H (Alcohol) or N-H (Amine), 3689.83cm™, and 3780.48 cm™ for
O-H (Alcohol) [27]. Among them, a group of organic compounds can be present in the solution and
contribute to the elimination of silver. The consolidation of nanoparticles was both successful and
worked like a capping agent. Similarly, Fig. 4 (curve c) confirmed picks at 480.28 cm™ for (Alkyl
Halide), 1099.43 for (Alcohol) or C-N (Amine), 1635.64 cm™ for C=C(Alkene), 2873.94 cm™ for
alkanes C-H, 3442.94 cm™ for O-H (Alcohol) or N-H (Amine), 3697.54 cm™, and 3766.98 cm™ for
O-H (Alcohol) respectively [28]. All the picks were organic functional groups, and these organic

groups have a huge influence on the reducing and capping properties of nanoparticles.
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Figure 4: FT-IR spectra of Mangifera indica leaf extract arbitrated synthesized Ag NPs for (a) 20

mM AgNOg solution, (b) 50 mM AgNOs solution. (c) 100 mM AgNOs solution and (d) Mangifera
indica leaf powder.

Another interesting finding is that the above FT-IR spectra show almost similar bands for the
synthesized Ag NPs. However, the peak intensities were shown to be different. The variation of the
peak intensities was due to the encapsulation of the bio-molecules coming from the mango leaf
extract during Ag NPs synthesis.

3.4 Energy Dispersive X-ray (EDX) spectroscopy analysis

Elemental investigation of the produced Ag NPs was performed using EDX spectra analysis shown
in Figure 5 (a) EDX image (for 20 mM AgNOs solution), (b) EDX image (for 50 mM AgNO3
solution), (c) EDX image (for 100 mM AgNOs solution) showing the presence of Ag NPs and
bioorganic components coming from Mangifera indica leaf extract. The EDX profile exhibited clear

indications of the presence of silver atoms.
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Figure 5: (a) EDX image (for 20 mM AgNOs solution), (b) EDX image (for 50 mM AgNOs
solution), (c) EDX image (for 100 mM AgNO3 solution) showing the presence of Ag NPs and
bioorganic components coming from Mangifera indica leaf extract.
The peak of the strong signal was almost identical. The fact that it was located at an accumulation of
3.25 keV in the EDX spectra, which was characteristic of the absorption of silver nanocrystallites
[29], demonstrated the existence of Ag NPs. It's interesting to note that additional elements including
carbon, chlorine, nitrogen and oxygen were found as well. C and O are most likely connected with
the organic compounds from the extract that were absorbed on the surface of the Ag NPs [29]. These
organic compounds play an important role in the reduction and stability of Ag NPs. Cl was found in

the solution that was made from the leaf extract.

3.5 Scanning Electron Microscopy (SEM) analysis

The surface morphology of the synthesized Ag NPs (for 20 mM AgNO3 solution) was monitored
using Scanning Electron Microscopy (SEM) technique and shown in Figure 6 (a, b, ¢, d). The
synthesized Ag NPs (for 50 mM AgNOs solution) presented in Figure 6 (e, f, g, h) and similarly
synthesized Ag NPs (for 100 MM AgNOz solution) illustrated in Figure 6 (i, j, k, I). The SEM images
of Ag NPs established that the synthesized Ag NPs are uniformly circulated with minimal
accumulation for the above three concentrations of The Ag NPs obtained were with contracted size
dissemination from 10 to 100 nm approximately. In every high-resolution SEM image, the particle

size and distribution were apparent. The particle size and their shape were almost analogous for all

11 | Malay. NANO Int. J.Vol.2 (2) (2022)



S.M. Rayhan et al (MNW) Issue 2 (2022) 1-18
concentrations. Some bulky particles are seen as probably resulting from the accumulation of small
ones [30]. The large particle may be removed through heat treatment. A similar observation was also

found in different works [30].
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Figure 6: SEM micrographs of several regulatlons (@, b, ¢, d), SEM micrographs of the
biosynthesized Ag NPs synthesized using 20 mM AgNOz solution. Fig. (e, f, g, h), SEM micrographs

of the biosynthesized Ag NPs synthesized using 50 mM AgNO3 solution. Fig (1, j, k, 1), SEM

micrographs of the biosynthesized Ag NPs synthesized using 100 mM AgNOs solution.
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3.6 Magnetic property analysis

The magnetic property of synthesized Ag NPs was examined using Vibrating Sample Magnetometer
(VSM) analysis for 20 mM, 50 mM, and 100 mM AgNOs solution mediated Ag NPs. The
corresponding hysteresis loop is shown in Figure 7 (a, b, c). From the hysteresis loops of VSM
analysis, it is found that the synthesized Ag NPs showed weak ferromagnetic nature at room
temperature. The calculated saturation magnetization from three loops were ranged from 0.081 emu
g1 t0 0.116 emu g L. On the other hand the value of coercivity between 125 Oe and 161 Oe. Both of
this result indicated clearly weak ferromagnetic nature of synthesize Ag NPs. Ferromagnetic
behavior of Ag NPs was also reported earlier [31]. The critical importance of size in defining
nanomaterials electrical, chemical, optical, and magnetic characteristics is well recognized [32]. A
noteworthy new finding is the ferromagnetism of nanoparticles of metal oxides and other inorganic
materials, which are normally diamagnetic in the bulk form [32]. In particular, there are the magnetic
characteristics of nanoparticles of metals such as Au and Ag [33]. We discovered magnetism in
roughly 3 nm Au and Ag NPs shielded by polyvinyl pyrrolidone (PVP) with unusually significant
magnetic moments of around 20 spins per particle. Since then, a few additional writers have found
magnetism in Au nanoparticles, however, the origin of ferromagnetism in Au nanoparticles has
remained somewhat unexplained [34]. In most published investigations, the Au nanoparticles were
coated with capping agents such as thiols and amines [35]. Researchers limited reported that gold
nanoparticles coated with weakly interacting chemicals like tetra alkylammonium bromides are
diamagnetic. However, those shielded by strongly interacting thiols are ferromagnetic because of the
5d localized holes formed during Au-S charge transfer [36]. The genesis of orbital magnetism
coming from spin-orbit coupling owing to this charge transfer has been studied [36]. However, they
reported more effective ferromagnetic spin coupling in gold nanoparticles poorly protected with
polyacrylonitrile, poly (allylamine hydrochloride), and PVP [37]. They ascribe the particle-size-
dependent ferromagnetic character of the surface Au atoms to the so-called Fermi hole effect [38].
From the documented ferromagnetic characteristics of Au NPs, it may be claimed that the
ferromagnetic behavior of our green produced Ag NPS is owing to the nano-sized dimension, amine
and thiol groups being present on the surface of the silver nanoparticles (Ag NPs) (Ag NPs). It is

also agreed with the EDS and FT-IR studies. Similar findings were also obtained in a prior study.
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Figure 7: Magnetization curve of synthesized silver nanoparticles synthesized using Mangifera
indica leaf (mango leaf) extract (a) for 20 mM AgNOzsolution. (b) for 50 mM AgNOssolution. (c)
for 100 mM AgNOssolution.

4. Conclusions
The present investigation concluded that the green synthesis of Ag NPs, using Mangifera indica leaf

extract as a reducing and capping agent, has advantages such as ease of availability, simplicity, and
eco-friendliness. This permits for the progression to be scaled up and preserves its economic
viability. Different biomolecules in the leaf extract confirmed by the FT-IR analysis acted as
reducing agents. The XRD peaks are ascribed to the FCC structure of silver. The X-ray Diffraction
(XRD) technique showed from the most substantial peak using Scherrer's formula the crystalline size
of Ag NPs for 20 mM AgNO:s) as 35.43 nm, Ag NPs (for 50 mM AgNOz) at 14.89 nm, and Ag NPS
(for 100 mMMAgNO3) as 61.90 nm. The EDX investigation also long-established the formation of Ag
NPs and the attendance of the elements of the coating agents coming from the leaf extract. TGA
exhibited the first weight loss that occurs for removing attached water molecules from the surface of
Ag NPs as well as the second loss for eliminating organic compounds. In the temperature region, the
surface morphology, and particle dimension were examined by Scanning Electron Microscopy
(SEM) analysis and found to be between 10-100 nm for all three concentrations of AgNO3. From
VSM analysis, we know that bulk silver is nonmagnetic, but the biosynthesized Ag NPs are weak

ferromagnetic. From this analysis, we get a green synthesis that is energy-efficient, cost-effective;
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protect human health, and eco-friendly. This eco-friendly method has the potential to be a
competitive alternative to the conventional physical and chemical approaches used to synthesize
silver nanoparticles. As a result, it has the potential to be used in biomedical applications and will

shortly play an essential role in optoelectronics and medical devices.
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