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Abstract: In the present research, silver nanoparticles were synthesized using ground nutshell and
characterized using UV-visible, FTIR and PXRD. The SEM and HR-TEM aided in confirming the nano
size, surface morphology and phase purity of the AgNPs. The quantum chemical, electrochemical,
and structural studies were carried out to understand electrochemical properties. In addition,
biological study such as anti-cancerous activity was carried out, and IC-50 values 80.25 µg/mL
for A549 lung cancer cell lines. The effective electrochemical anti-corrosion activities were also
studied. The majority constituents of ground nutshell are flavonoids, in a small quantity of alkaloids
and phenolic acids, which provide more stability to synthesize silver nanoparticles and avoid
agglomeration. These functional moieties enhance the unique properties in the field, as in drug
delivery systems, magnetic applications, and metallic, semi-conducting core-shell nanoparticles.

Keywords: ground nutshell extract; silver nanoparticles; high-resolution transmission electron
microscopy; corrosion inhibition; Tafel plots; anti-cancerous activity

1. Introduction

Recently, nanoscience and technology have developed rapidly all over the world,
largely by adopting the quality, advancement, and efficiency of nanoparticles [1,2]. The
transition of metal nano-materials grabbed the attention of researchers due to massive
applications in the field of environmental sciences, biomedical sciences, and electrochemi-
cal sciences [2–8]. The physical and chemical methods of synthesis of nanoparticles have
limited advantages due to high toxicity [9–11]. These methods have a long process in-
volvement and costly chemical usage [8,12]. The green synthesis of metal nanoparticles
is environmentally safe, plant-mediated, biologically active, requires around one hour,
and is a cost-effective synthesis process [13–17]. In this approach, the phytochemicals, the
biologically active ingredients found in the extract of the plant, help in the reduction and
stabilization of metal nanoparticles.

The AgNPs can be prepared using various biological materials, plants, microorgan-
isms, and other dairy items. Recently reported works include the synthesis of Ag nanopar-
ticles employing different plant compounds, including certain pelargonium graveolens,
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azardirachta indica and Tamarindus. It is used as an anti-inflammatory and injury curing
agent and an analgesic agent for toothache, rhinitis, and cancer. The bioactive agents
found in Schistosoma indicum contain olasonine, solamargine, indiosides, scopoletin,
N-(p-transcoumaroyl)-tyramine etc., which are helpful for a wide variety of medicinal
applications.

The nanoscale has a wide area-to-volume ratio that allows applications to be pro-
duced in different areas, including drug delivery, microelectronics, antimicrobial materials,
property, diagnosis, catalysis, bio-fertilizer, bio-mimicking, nano-sensing, antibacterial,
antimicrobial and textile industrial applications [18–20]. One billionth of one meter is
the nanometer scale. Nanoparticles themselves have their uniqueness in structures and
properties. These show the possibilities of linkages between the bulk, atomic level and
molecular levels. The ratio of smaller size and high surface volumes of nanomaterials is the
reason behind the demand for these exceptional properties. Furthermore, the technologies
adopted may be utilized in synthesis methods like the dry-method, the Wet-process, or
computational ways of representing nanoscale particles [1,21–24].

Amongst these, the wet process involves living bioactive organisms for nano-synthesis.
Plants are recognized in the field of nanotechnology because of their therapeutic activity
and biological activities. The cytotoxicity studies of silver nanoparticles as antibacterial,
antidiabetic and anti-cancerous activities facilitate more plant-based nanoparticles. Recent
research has shown that different parts of plant species could successfully achieve silver
nanoparticle synthesis by using fruit peels, plant barks, and nutshells. We treat it as
waste and include various plants aspects, such as roots, flowers, seeds, barks, roots, and
pulps. The phytochemicals present in bioactive plantsare usually secondary metabolites
are key compositions for reducing metal salts to nano-size. The current study about silver
nanoparticles has vital importance in nanoscale field, from ancient history and in more
recent times in the industrial and medical fields [25–29].

Different diseases can create pathological changes in human cells. Cancer is one of
them which also generates a cellular-metabolic change. The current therapies, like radiation
and excess drug medication, have an adverse effect on the normal functioning of cells. Lung
Cancer is also the biggest cause of mortality in cancer, although there is a decline in deaths
(about 5% in men and 4% in women every year from 2013 on). These statistics are due to a
decrease in smoking, the early detection of the disease, and effectively advanced treatment
techniques. The metallic NPs (silver, gold and platinum) are generally tested in all human
beings, then shown to be biocompatible with low-toxicity results. The silver nanoparticles
synthesized chemically established promising areas in anticancer activity against A549,
human lung cancer, in which silver nanoparticles synthesized like this attained a sort of
intrinsic resistance towards platinating drugs and cisplatin. Thus, recent research on cancer
medication is dedicated to detecting the novel transition of metal nanoparticles, preferably
silver, because of their antipathogenic activities [30–32].

The wet chemical process, very helpful in the synthesis of large-scale nanoparticles,
can be utilized in applications to reduce pollution by adsorbing poisonous gases from the
atmosphere and acting as a green inhibitor for metal corrosions in acidic and basic media,
and also in therapeutic applications, corrosion, and in cytotoxicity studies [33–35]. Many
studies had shown the synthesis of AgNPS using AgNO3 (Silver nitrate) as a precursor. The
secondary metabolites and phytocompounds are necessary for the reduction of AgNO3,
and behave as a capping agent. The ggroundnut, commonly called a peanut, grows under
the ground. Thus, the name is groundnut. This is one of the less explored traditional,
widely used plants that have significant commercial applications [14,36].

It is one of the Kharif crops grown during the June to September period, and it is
neither a fruit nor a vegetable. It is considered a nut and a protein group in the food
pyramid. A major part of the groundnut shell is used to feed animals and remains a waste
material for bio-fertilizer [37]. There is no specific report in the literature on synthesizing
silver nanoparticles using groundnut shell extract and as an anticancer and anti-corrosion
species. Hence, we selected groundnut shells and the green species in ground nutshell
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extract in the present work using Soxhlet extraction techniques. The newly synthesized
AgNPs were validated employing UV-Visible, FTIR, XRD, SEM and TEM studies. The
corrosion studies were performed by using AAS, TAFEL and impedance spectroscopy
techniques. Further, Chemical quantum studies are also employed to support AAS and
electrochemical results. Similarly, anticancer activity on MTT cell lines A435 with IC50
value 80.25 µg/mL have shown promising results for this investigation.

2. Materials and Methods

The fresh groundnuts are collected in August from the most fertile soil of Dharwad dis-
trict, India. Groundnut shells were cleaned with purified water to eliminate dirt and mud
contaminations which can toxicate the extract. Shells were dried in sunlight, blended into
powder, stored in plastic bottles, and kept in the refrigerator until used. Soxhlet extraction
is only needed if the target compound has minimal solubility, and the impurity is insoluble
in the solvent. If the target compound has a high solvent solubility, a quick filtration
isolates the compound from the insoluble material. Hence in the present investigation,
Soxhlet extraction is preferred. The powder (50 g) is kept in the Soxhlet apparatus (Borosil,
Gurgaon, India) and solvent, benzene, for the extraction. The round-bottomed flask is
placed at the bottom of the thimble by adding 2–3 boiling chips (that avoids bumping of
the solution). Extraction was carried out at 100 ◦C for a minimum of 18 to 20 cycles. After
that, the phytocompounds from the ground nutshell get collected in the R. B. flask. During
each cycle, the non-volatile compound of the sample gets concentrated in the extraction.
The solution from R. B. flask is the ground nutshell extract (GNS extract) that acts as the
reducing/capping agent. The solution is filtered, and the residue was collected into a
separate beaker. The extract is light–brown in colour, as in Figure 1.
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Figure 1. Green synthesis AgNPs.

2.1. Synthesis of AgNPs

About 200 mL of 0.01 N AgNO3 solution was added to the extract. The ground
nutshell extract is reduced now to the AgNO3 (i.e., Ag+ to Ag0) to its nanoscale by mainly
three steps: nucleation, accumulation, and stabilization. The extract solution changes
from reddish-brown to dark brown color that indicates the formation of AgNO3. One
to two drops of freshly prepared 0.1 N NaOH solution were added to maintain pH of
7–9 to form the AgNPs with higher yield and smaller size. After two to three days, the
water in the container evaporates, and only AgNPs are placed on a magnetic stirrer (Remi,
Thane, India) for heating. Thus, the AgNPs are obtained in the form of powder. The
powdered AgNPs were weighed on balance to determine their concentrations per gm.
About 5 mg of AgNPs were obtained per 50 gm of ground nutshell material. To understand
the ease of structure, morphology and properties of synthesized silver nanoparticles were
characterized employing UV-Visible, FTIR, SEM and TEM methods. Further, those are
interconnected with applications in corrosion studies [38,39] and anticancer activities [30].

2.2. Characterization Methods

Prime techniques incorporated to characterize are as follows, AgNPs were screened
with UV-Visible spectroscopy on LABMAN LMSP-UV1200 (Lamaman, Chennai, India)
with a wavelength accuracy of +0.5 nm. A Fourier-transform infrared spectroscopy (FT-IR)
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study was performed to confirm the formation of green silver nanoparticles in the range
of 4500–400 cm−1 by instrumentation at the Sophisticated Analytical Instrumentation
Facilities (SAIF) Centre, Karnatak University, Dharwad (KUD) India by using NICOLET
6700, (Thermo Scientific, Pune, India) instrument. X-ray Powder Diffraction (X-RD) of
model Xpert MPD, Philips, Amsterdam, The Netherlands was used to analyze the structure
of the newly synthesized AgNPs. The XRD patterns were recorded on X-ray diffractometer
at the range of 2θ from 3◦ to 136◦ using Cu target X-ray tube, Cu Kα (λ = 1.5406 A) radiation
with a tracking voltage of 40 kV. Scanning Electron Microscopy (SEM-EDX, (JEOL, Tokyo,
Japan) was carried out to learn the external morphology of AgNPs. A scanning electron
microscope (JEOL, Tokyo, Japan) was also used to study morphological characteristics of
synthesized AgNPs with an accelerating voltage with LaB6 filament 2 nm 30 kV with W
filament 3.5 nm at 30 kV by emission current of 0 to 200 µA and accelerating voltage: 0.2
to 30 kV. The size, shape, and morphology of synthesized AgNPs, were confirmed using
HR-TEM(Thermofisher, New York, NY, USA), performed in TEM Lab, Centre for Nano and
Soft Matter Sciences (CeNS), Bengaluru. Atomic absorption spectroscopic analysis (AAS)
was performed using the Atomic Absorption spectrometer with graphite furnace and
autosampler 222Rn and 220Rn mitigation systems gamma dosimeter (Thermofisher, New
York, NY, USA), survey meter and GPS TLDs, Pinhole dosimeter (from Electronics and
Engineering Pvt Ltd., Dadra, India), performed in DTPS and DRPS USIC Centre Mangalore
University, India.

3. Results and Discussion
3.1. Phytochemical Screening

The qualitative and quantitative investigation of phytochemicals identify the molecules
of the samples, and from this analysis, results obtained are shown in Table 1. Recent studies
showed that GNS-extract contains a major quantity of flavonoids (catechin, epicatechin
gallate, leucocyanidin, procyanidin B1 and rutin), some alkaloids (arecoline, arecaidine,
guvacine, iso-guvacine) and traces of phenolic acids (gallic acid). Flavan-3-ol (catechin)is a
secondary metabolite and natural polyphenol form and anti-oxidant. Another flavan-3-ol,
flavonoid, epicatechin gallate is present in green tea, buckwheat and in grapes. The addi-
tional class of natural products, a derivative of flavonoid leucoanthocyanidins. Molecules
of catechins and epicatechins produce extracellular substances. The procyanidins became
part of the flavonoid proanthocyanidin family. The quercetin-3-O-rutinoside and sophorin
together rutoside or Rutin. Alkaloids, like Arecaidine, Arecoline & Guvacine are acid-
based alkaloids found in the areca nut and fruit of the areca palm. The iso-guvacine is
a dimer of guvacine. Gallic acid is known of total phenolic identified in the extract and
trihydroxybenzoic acid, found in tea leaves, oak bark, and gallnuts.

Phytochemicals like, alkaloids, terpenoids, carbohydrates and other active biomolecules
reduce metal cations to their elemental metals. This transformation from positive to zero
oxidation state enhances the size distribution of metal nanoparticles through indorsing
new nuclei for faster reaction progress, and also by forming a monolayer (capping) on the
nano-surface prevents the clustering of the nanoparticles. These surface-active molecules
functionalize the nanoparticles towards biological activity. The enhanced anti-cancerous
activity can be enlightened due to the phytochemicals attached at the surface [40,41]. The
biomolecules of the ground nutshell extracted act here as both reductant as well as capping
agents. The capped nature, the surface of nanomaterials becomes active therapeutic agents,
reduces the level of toxicity, and prevents the accumulation of particles [42,43].
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Table 1. Phytochemical results.

S.No. Test Observation Inference

I (a) Qualitative Analysis: Test for Alkaloids

1. Mayer’ s test:
GNS extract + Mayer’s reagent white creamy precipitate Presence of Alkaloids are confirmed

2. Wagner’s test:
GNS extract + Wagner’s reagent reddish-Brown precipitate Presence of Alkaloids are confirmed

I (b) Qualitative Analysis: Test for Amino acids

1. Ninhydrin test:
GNS extract + Two drops of ninhydrin solution purple colour Presence of Amino acids are

confirmed

I (c) Qualitative Analysis: Test for Carbohydrates

1.
Molish’ s test:

GNS extract + α-naphthol in alcohol, two drops +
concentrated sulfuric acid

No violet ring presence of carbohydrates.

2. Benedict’ s test: GNS extract + Benedicts reagent
heated on a boiling water bath coloured precipitate presence of sugar

I (d) Qualitative Analysis: Saponification test

1 GNS extract + Alc. potassium hydroxide + drop of
phenolphthalein heated on a water bath for 2 h No Formation of soap Absence of oils and fats

I (e) Qualitative Analysis: Test for Glycosides

1.
Legal’s test

GNS extract + Pyridine + sodium nitroprusside
solution + 10% NaOH

- -

I (f) Qualitative Analysis: Phenolic compounds and Tannins

1.
Ferric Chloride test

GNS extract + 5 mL of distilled water + 5% ferric
chloride solution

No dark green colour Absence of phenolic compound

2.
Lead acetate test

GNS extract + 5 mL of distilled water + 10% lead
acetate solution

No bulky white precipitate Absence of phenolic compounds.

3. Alkaline reagent test
GNS extract + 10% ammonium hydroxide solution Yellow fluorescence presence of flavonoids.

4.

Magnesium and Hydrochloric acid reduction
GNS extract + 5 mL of alcohol+ few fragments of
magnesium ribbon+ concentrated hydrochloric

acid

No pink to crimson colour Absence of flavonol glucosides

I (g) Qualitative Analysis: Test for phytosterols

1.
Libermann-Burchard’s test

GNS extract + 2 mL acetic anhydride + 2 drops of
concentrated sulphuric acid

No array of colour change Absence of phytosterols

I (h) Qualitative Analysis: Test for Proteins

1. Millon’s test
GNS extract + 2 mL of Millon’s reagent No white precipitate Absence of proteins

I (i) Qualitative Analysis: Test for Saponins

1. 10 mL of GNS extract diluted with distilled water
and made up to 20 mL No layer of foam Absence of saponins

I (j) Qualitative Analysis: Test for gum and Mucilages

1. 10 mL of GNS extract + 2 mL of absolute alcohol
stirs well No cloudy precipitate Absence of Gums and Mucilage
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The core-shell nanoparticles (CSNPs) are described as containing the inner material,
known as the core, and the outer layer material, which is known as the shell. They consist
of a wide variety of combinations of close contact and inorganic/inorganic. The selection
of core-shell material of the nanoparticle shell usually is highly dependent on the final
application and use. The CSNPs are highly functional compounds with altered properties.
Frequently, the properties of either core or shell materials can be very different. The proper-
ties can be changed by changing either the composition of the components or the ratio of
the center to the shell. Due to the shell material covering, the core particles properties, such
as the reduction of reactivity or thermal stability, can be improved to improve the overall
stability of the particle and the dispersibility of the core particle. Finally, the particles exhibit
distinctive characteristics of the various materials used together. The CSNPs are becoming
more attractive as these nanoparticles have emerged at the boundary between chemical
materials and many other fields, such as computing, biomedical, medicinal, optical, and
catalysis.

An organic biological moiety encapsulates a cluster of a few nanoparticles to create a
healthy core-shell morphology, as shown in Figure 2. The biological moiety consists of a
significant part of flavonoids and alkaloids from groundnut extract. These act as reducing
and stabilizing agents to create stable metal nanoparticles and contribute its tremendous
surface interaction towards anticorrosion anticancer studies.
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Figure 2. Schematic representation of the core-shell structure of functionalized silver nanoparticles.

3.2. Computational—Chemical Approach

The recent reports from computational chemists realized the understanding of the
molecular structure and their reactivities. The quantum chemical parameters, electron
movement in HOMO and LUMO, orbitals together are responsible for chemical reactivity.
The HOMO is the maximum orbital energy and is filled by electrons. Hence, electrons
can be removed from it. LUMO is the minimum orbital energy, which would be empty.
Theoretical chemical calculations of HOMO-LUMO were considered in the present study
to explain the different periodic properties of molecules involved. The EHOMO and ELUMO
values were gained from the advanced Argus Lab software (4.0.1). The chemical names,
molecular structure, HOMO-LUMO and other quantum chemical values are tabulated in
Table 2.
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Table 2. Values of HOMO-LUMO for chemical constituents.

Chemical Name Molecular Formula Structural Formula

Arecoline: C8H13NO2
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µ = −χ (6)

Electrophilicity index (ω) can be equated as in 7,

ω = µ2/2η (7)

Above data I (ionization potential), E (electron affinity), η (chemical hardness), χ
(Electronegativity), Electron polarizability (σ), chemical potential (µ) and band gap were
calculated and tabulated in the Table 3. This study provides a wide idea for understanding
structural features. The molecular structures of ten natural components contain double
bonds, N and O atoms in their structures.

Table 3. Quantum chemical parameters (by using PM3) method.

Name of
Medicinal

Compound
EHOMO (eV) ELUMO (eV) Energy

Gap (eV) I E η χ Σ µ ω

Arecoline −0.617735 −0.306484 0.311251 0.6177 0.3064 0.155 0.462 6.425 −0.462 0.688
Arecaidine −0.613442 −0.327682 0.285762 0.6134 0.3276 0.142 0.470 6.998 −0.470 0.777
Guvacine −0.664881 −0.366108 0.298773 0.6648 0.3666 0.149 0.515 6.694 −0.515 0.890

Iso-Guvacine −0.652635 −0.353851 0.298784 0.6526 0.3538 0.1494 0.503 6.693 −0.503 0.846
Catechin −0.332934 −0.117081 0.215853 0.3332 0.1170 0.107 0.225 9.265 −0.225 0.236

Epicatechin
gallate −0.257874 −0.241204 0.01667 0.2578 0.2412 0.0083 0.249 119.976 −0.249 3.735

Leucocyanidin −0.359516 −0.067597 0.291919 0.3595 0.067 0.145 0.213 6.851 −0.213 0.156
Gallic acid: −0.335691 −0.074460 0.261231 0.3356 0.744 0.204 0.540 −4.891 −0.540 0.7147
Procyanidin

B1: −0.244559 −0.213046 0.031513 0.2445 0.213 0.015 0.228 63.467 −0.228 1.73

Rutin: −0.245843 −0.236324 0.009519 0.2458 0.236 0.004 0.241 210.106 −0.241 7.26

The above investigations show natural constituents of the plants exhibit
high values EHOMO in eV for alkaloids compared to flavonoids. These medicinal
compounds, acecainide (HOMO = −0.617735), arecoline (HOMO = −0.613442), guvacine
(HOMO = −0.664881) and iso-uvagcine (HOMO = −0.652635) with high EHOMO values
are electron rich species, which donates electrons to species having empty molecular orbital
of low energy and which can take an electron from the electron-rich organic compounds.
The other related properties are discussed as follows,

• Ionization potential (I), values of HOMO are higher and explain the stability of organic
compounds. Lower is the I value, higher is the reactivity of organic moieties. Therefore
reactivity, based on I values, is related as Procyanidin B1 > Rutin > Epicatechi gallate >
Catechin > Gallic acid > Leucocyanidin > Arecaidine > Arecoline > Iso-Guvacine >
Guvacine.

• The increase in the energy gap value, decrease in the reactivity of organic compound
on the surface. The trend is in the order of, Rutin > Epicatechi gallate > Procyanidin
B1 > Catechin > Gallic acid > Leucocyanidin > Arecaidine > Guvacine > Iso-Guvacine
> Arecoline.

• The electrophilic or nucleophilic nature of natural components can be predicted by
Electrophilicity (ω) values. Higher theω values, the stronger the electrophile and the
lower theω values, the stronger the nucleophile. Thus, Rutin is a strong electrophile,
and Procyanidin B1 is a strong nucleophile.

• The softness and hardness are dynamic parameters to measure the reactivity and
stabilities of the natural components. The greater the η, values the greater is the
softness of the compound. Thus, Rutin is the less soft compound.

3.3. Characterization of GNS-AgNPs

The groundnut shell extract and silver nitrate solution mixture turning from light
yellow to brown after the incubation time of half an hour indicates that Ag+ reduces to
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Ag0, and structural identification of metal nano-particles are confirmed by using the UV-
Visible technique. In Figure 3, the surface plasmon resonance of electrons obtained for
GNS-AgNPs is 378 nm, which explains the formation of silver nanoparticles. Further, the
increase in the intensity of SPR peak which increases with time also confirms the formation
of GNS-AgNPs.
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The FTIR spectroscopic method is an essential tool to spot the new compound and
recognize the secondary metabolites of the groundnut shell extract, which are acting as
reducing and stabilizing agents for GNS-AgNPs. The plots obtained by transmittance with
a wavelength of FTIR spectra show a clear difference in their results. The pure extract and
of AgNPs bands as in Figure 4 about 3500 and 2500 cm−1. The band shows the occurrence
of O–H polyphenol stretching found in the extract. The 1624 cm−1 band refers to a group
of carbonyl strip amides in the bark extract containing proteins. The 1628.56 is of C=O, and
1384.05 cm−1 is of C–O bands were stretching and bending frequencies respectively. The
above bands demonstrate the identity of flavonoids and terpenoids from ground nutshell
compounds [44,45].
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Figure 4. FT-IR spectrum of AgNPs and bio extract.

The peak at 3431.33 cm−1 is due to the N–H extending the vibration of plant organic
compounds absorbed into the body to silver NPs. In the same way, relative to pure
ground nutshell extract, the IR bands are moved from 2960.24 to 2955.03, 1632.24 to 1628.52
and 1514.38 to 1577.43 cm−1. These changes demonstrate that types of proteins and
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metabolites, terpenoids, flavonoids and polyphenols are implicated in the reduction and
bio-encapsulation of AgNPs. The peak at 1620.88 cm−1, aromatic C=C in carboxyl group,
which also quercetin peaks (12).

The X-ray diffractograms shown in Figure 5 identifies the phase purity and crystal
structure of a sample—the silver nanoparticles, of the GNSE-AgNPs identified by diffrac-
tion peaks of XRD. The XRD pattern of GNSE-AgNPs obtained here is shown prominent
peaks observed at (111), (200) and (220) a with agreeing 2θ values as 38.28◦, 44◦, 64.36◦

and 77.12◦. It indicates the crystalline presence and is accredited to the fcc structure of
GNSE-AgNPs (JCPDS 89-3722). The calculated crystallite size of GNSE-AgNPs is to be
12–15 nm. However, grain size of GNSE-AgNPs is marked by the peaks at (111) using the
Scherer formula. The XRD studies also reflect a synthesis of GNSE-AgNPs by the reduction
of GNSE-AgNPs.
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Figure 5. XRD spectrum of AgNPs.

From the observed results, it is clear that GNS-extract is effective in reducing metal
salts into its nanoparticles. The presence of bioactive compounds is successful in main-
taining stabilization and dispersion to prevent aggregation [46]. The morphology of the
shaped AgNPs is studied using a scanning electron microscope. Adsorption of organic
moieties from the plant extract is clearly shown by SEM image (Figure 6). The average
bio-capped GNSE-are AgNPs circular with a size of 20 nm or less.
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The size, scale, form and structure of the synthesized AgNPs have been verified using
TEM. TEM pictures are shown, almost spherical Ag particle structures and polydisperse.
The histogram of the distribution of the particle size is calculated by TEM in Figure 7. The
AgNPs nanoparticles range from 35–40 nm, and the average particle-size length is ±30 nm
in diameter. The selected area electron diffraction pattern (SAED) for AgNPs corresponds
to crystallographic planes of FCC pattern of silver.
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Figure 7. (a) ED pattern, (b–d) HRTEM images of AgNPs.

When it comes small scale observations, the nanoparticles, and their activated surface,
from getting charged, causes slight image degradation. The shape of metal nanoparticles
is known to significantly vary their optical and elemental properties, which may be de-
termined using the EDX method [47,48]. The optical absorption of Ag is clearly shown
in the EDAX profile (Figure 8). AgNPs contain 20.05% of Ag at 3 keV, and in addition
to Cl, S, and Ower, AgNPs also include Mg, P, K, Ca, Cu, which are captured from the
green extract used for synthesis. The percentage of carbon in Fe-PAni fluctuated, which
was due to the carbon tape used to attach the samples to the sample holder [49]. FTIR
analysis was used to identify the functional groups connected to the AgNPs. The phenolic
group in the crude green extract binds to the AgNPs with a high affinity. Other functional
groups that AgNPs have connected to include phenol (–OH) at 3442 cm−1, carboxylic acids
at 2923 cm−1, and ethers at 1019 cm−1 (Figure 4). After the green production of AgNPs,
the supernatant contained less phenol and flavonoid than the green extract (Figure 4). As
a result, it was shown that the phytochemical contents may be linked to AgNPs during
the green synthesis process. The peaks observed in EDX graph and profile may be due to
Kα1 and Kedge. When the incident energy of a photon equalled the binding energy of an
electron shell in the absorber, such as K, L, or M, etc., a substantial rise was observed for
that particular element. This is used to produce a void in the shell while using the least
amount of energy possible. This energy was referred to as critical excitation or edge. An
electron transfer from another shell filled an initial vacancy in an inner shell produced by
an electron or X-ray, leaving a final vacancy in that shell resulting in the characteristic X-ray
lines (Figure 5). The energy of lines is equal to the difference between the binding energy
of the shells in which the initial and final voids were formed. The excitation of the K, L, M,
N or O levels lines in an element’s X-ray spectra were detected depending on its atomic
number.
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4. Applications
4.1. Corrosion Studies
4.1.1. Atomic Absorption Spectroscopy (AAS) Technique

The AAS was used to evaluate the effects of GNS-AgNPs on aluminium (Al) corrosion
in the 1M hydrochloric acid solution. The pre-weighed Al was submerged in the 1M
hydrochloric acid (HCl) solution without and with four various concentrations of GNS-
AgNPs for 10 h immersion time at 303 K. After the time, the Al is withdrawn from the 1M
HCl solution and weight is recorded. The results of AAS are shown in Table 4. The table
showed the robust adherence of the GNS-AgNPs on the surface of aluminium in the 1M
HCl. The table shown that the Al weight loss reduced with the introduction of GNS-AgNPs
of 0.1, 0.2, 0.3, and 0.4 mg/L in 1M HCl soltion. The protection rate enhances with rise in
the concentration of GNS-AgNPs is due to an increase in the surface coverage of green
nanoparticles over the Al surface in the 1M HCl solution. The adsorption of GNS-AgNPs
over the Al surface generates a barrier for mass and charge transfer, leading to a reduction in
the interaction between the 1M HCl solution and Al surface. The existence of GNS-AgNPs
film on the Al surface blocks the Al surface disintegration. The protection efficiency of
GNS-AgNPs on the aluminium surface could be associated with the adsorption of electron-
rich elements on the empty or partially filled orbitals of Al in 1M HCl solution. As a result,
the enhancing stability of newly generated bonds with the green nano particles [35,38,50].

Table 4. Atomic absorption spectroscopy (AAS) technique results.

Concentration
(mg/L)

Optical Density
(O.D)

Weight Loss of
Aluminium in g after

10 h Immersion Period

Protection Efficiency
(%)

Bare 0.400 30 × 10−3 -
0.1 0.053 1.8 × 10−3 94.000
0.2 0.043 1.4 × 10−3 95.333
0.3 0.030 8.0 × 10−4 97.333
0.4 0.016 1.0 ×10−4 99.666

4.1.2. AC Impedance Spectroscopy Technique

AC impedance spectroscopy explores the kinetics of reactions at the Al/molar hy-
drochloric acid solution interface. Figure 9a represents the Nyquist curves obtained from
the inhibition of Al corrosion by using the 1 to 4 mg/L of GNS-AgNPs. The Nyquist read-
ings are shown the Table 5. The Nyquist plots (impedance curves) of protected system are
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not different from the unprotected system except in terms of the diameter of the depressed
semi-circle.
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Table 5. AC impedance spectroscopy technique results.

Concentration
(mg/L) N Rct Ω X2 ηz

Bare 0.9174 13.35 0.00001817 -
0.1 0.8863 168.4 0.00006510 92.072
0.2 0.8790 176.9 0.00004471 92.453
0.3 0.8846 181.4 0.00009282 92.640
0.4 0.7953 231.7 0.00004452 94.238

The Nyquits plots in the presence and absence of GNS-AgNPs is not a perfect semicir-
cle due to frequency dispersion. The charge transfer resistance values are and precisely
related to the difference of the GNS-AgNPs. The charge transfer resistance values enhance,
and the corrosion rate reduces with an increasing concentration of the Al, 0.1 mg/L, 0.2 mil-
ligram per liter, 0.3 mg/L and 0.4 milligram per liter of GNS-AgNPs. The radius of the
depressed semicircle enhances with increase in the dosage of GNS-AgNPs is a strong evi-
dence of prevention of dissolution process of Al in the 1 molar hydrochloric acid solution.
The barrier protective layer formed on the Al surface strongly suppresses the disintegration
of Al surface. From this table, it is clear that charge transfer resistance values have a direct
relationship with the concentration of GNS-AgNPs [38].

The rise in the charge transfer resistance values with an enhanced concentration of
GNS-AgNPs is a clear indication of the anticorrosive behavior of GNS-AgNPs over the Al
electrode surface in the 1M HCl solution. The best Al protection was achieved at 0.4 mg/L
of GNS-AgNPs, which showed that significant adsorption at 0.4 mg/L of GNS-AgNPs
on Al electrodes resulted in high surface coverage area and robust corrosion protection
efficiency. Table 6 shows the impedance spectroscopy technique.
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Table 6. Impedance spectroscopy technique results.

Concentration
(mg/L)

Corrosion
Potential (E
corr) (mV)

Anodic Tafel
Slope

(V/dec)

Cathodic
Tafel Slope

(V/dec)

Corrosion
Current (A)

Protection
Efficiency

(%)

Bare −777 0.003 6.392 0.05570 -
0.1 −717 5.251 4.719 0.001191 89.366
0.2 −718 5.415 4.703 0.001078 90.375
0.3 −722 5.535 4.738 0.001071 90.437
0.4 −720 5.494 4.717 0.001029 90.812

4.1.3. Tafel Plot (Potentiodynamic Polarization)

The inhibitor can be classified as cathodic, anodic or mixed type by using the Tafel
plot technique. The Tafel plot studies showed that (Figure 9b), by addition of green
nanoparticles, they had a significant influence on the aluminum corrosion current density
values and low at higher concentration of GNS-AgNPs. As a result of this, there is a
remarkable enhancement in the protection efficiency values. The surface area of Al covered
by GNS-AgNPs species enhances with a rise in the amount of GNS-AgNPs, which shows
that the aluminum protection is mainly due to the green nanoparticles’ adsorption over
the Al surface. The adsorption process suppresses the Al dissolution process. Further,
significant change in the anodic Tafel slope values (from 0.003 to 5.494) compared to
cathodic one clearly shows the anodic corrosion inhibition property of the GNS-AgNPs
over the Al surface in the 1M HCl solution.

The SEM texture of the aluminium surfaces showing to 1M HCl without and with the
GNS-AgNPs are observed. The results (Figure 9c) show that the absence of GNS-AgNPs
revealed that the aluminium surface was strongly damaged due to corrosive attack by the
acid solution. It is seen from Figure 9d, that a shielding film was formed on the aluminum
metal surface in the presence of GNS-AgNPs and the surface became smooth, without any
pits, roughness characteristics and cracks over Al surface.

4.2. Anti-Cancerous Activity on Human Alveolar Cell Lina549, Human Lung Cancer Cells

The decrease in the efficiency of mitochondrial activity is studied effectively by the
toxicity action of ground nutshell extract silver nanoparticles. The large reductions in
tetrazolium salts are now well accepted as a healthy tool for measuring cell proliferation.
The yellow tetrazolium (C18H16BrN5S) is diminished by metabolically active cells, and
delivers a measurable resolve of viable cells through the operation of dehydrogenase
enzymes to produce reduced derivatives.

The corresponding intracellular purple formazan can also be solubilized and analyzed
by spectrophotometric methods [51,52]. The assay measures the rate of cell proliferation,
and vice versa. However, as metabolic processes contribute towards apoptosis or necrosis,
cellular uptake declines. The cells being placed on 96 well plates in 100 µL of RPMI 1640
and permitted to expand in the subsequent subcellular purple formazan can always be
dissolved and studied using spectroscopic methods. The different sampling compositions
for 45 to 48 h, the incubation of cells 24 to 28 h. 20 µL C18H16BrN5S stock solution is then
added to both the plates and incubated for 5 h. The medium is now extracted, and 200 µL of
DMSO is applied to dissolve the metabolic in each well MTT substance. The plate is rattled
at 150 rpm for five minutes and the absorption spectrum at 560 nm. The unprocessed cells
(basal) are used to control the viability (100%), and the influence is reflected in relation to
the regulation as a percent viability (log), as shown in Figure 10a,b.
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Figure 10. (a) Viability of A549 Cell line Vs. Concentration Sample GNS-AgNPs showing linear
corelation (b) With increase in concentration of GNS-AgNPs sample (µg/mL) there is decrease in %
of viability A549 Cell line.

The transformation of yellow tetrazolium salt (C18H16BrN5S) into purple formazan
crystals by metabolically active cells gives an accurate confirmation of viable cells. The ex-
pected mechanism for cell death is given in the graphical representation (Figure 10) [53–55].
IC-50 value of 85.47 µg/mL for 24 h. The percent inhibition of growth was determined after
subtracting the history and the null, and the test drug concentration required to inhibit
cell proliferation was created by 50 percent (IC 50) of the dosages curves for the cancer
cell [56,57]. The probable mechanism for cell apoptosis is explained in Figure 11.

As shown in Figure 11, Apoptosis is the process commonly known as programmed cell
death. It is the molecular programming of the cell which leads to its death. In this process
the cell is broken down by the protein of itself called Caspases. Thus, for apoptosis to
occur, these caspases must be activated. This mechanism of apoptosis, that is, the activation
of Caspases, occurs through these three different steps; Step one involves the nitiation,
followed by execution and finally phagocytosis. The initiation might be by extrinsic or
intrinsic pathways. The process takes place leading to the shrinkage of the cell, either
by the intracellular or extracellular process. The synthesized silver nanoparticles act as
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angiogenesis inhibitors [58], which block this angiogenesis process by blocking the nutrient
and oxygen sources of a tumour. Further cell starving leads to ell death.
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5. Conclusions

In the present work, we successfully achieved the rapid production of stable and
modified sphere shaped (15–20 nm) GNS-AgNPs with high efficiency. Utilizing extracts
of groundnut shells as both a reducing agent and a stabilizing agent makes the process
cost-effective. The role of Ruthin chemical moieties from the ground nutshell extracts in
the reduction process was evaluated, elaborated in detail, and characterized thoroughly.
Further, GNS-AgNPs applied as anticorrosion studies found robust anti-corrosion (an-
odic type) behaviour on Al in 1M HCl system time-dependent mode. The GNS-AgNPs
inhibits corrosion, and this property was very helpful in increase the lifetime of aluminium.
This property, GNS-AgNPs obtained here, can be useful in various industrial units to
mitigate Al corrosion problems. In addition, GNS-AgNPs are biologically active, and it
further enhanced phytochemicals and polyphenols etc., present in the bio extract utilized
during synthesis. The biological activity realized in the current study, with an important—
anticancer activity of GNS AgNPs to effectively control over the A549, human lung Cancer
cell viabilities.
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