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Abstract

Research on green synthesis in nanotechnology is a forthcoming field in the modern material science area. Potentiality utiliza-
tion of metal and semiconductor nanoparticles is an area of vast research that makes them a suitable candidate for expanding
highly innovative technologies. This study evaluated the effect of the drying method for leaves of the plant, Azadirachta indica
on phytochemicals characteristics of extracts, bioactivity attributes and characteristics of nanoparticles (NPs) accommodating
varied keen compounds. Synthesis of iron (Fe) nanoparticles was done using the green bottom-up method, in which aqueous
extract of A. indica leaves acted as an extremely promising reducing and stabilizing agent. Various characterization techniques
such as EDX (Energy Dispersive X-Ray Analysis), FESEM (Field Emission Scanning Electron Microscopy), FT-IR (Fourier
Transform Infrared Spectroscopy), UV-VIS spectroscopy, XRD (X-Ray Diffraction) crystallography, Zeta potential and sizer con-
firmed the fabrication of iron nanoparticles. The quantification results established that oven-dried leaves extract had a higher
total phenolic content (108.23 mg GAE/g) and free radical scavenging capacity (250.165 mg GAE/g) than airdried leaves
extract. Characterization results endorsed that air-dried leaves extract acted as an advanced reducing agent that can swap the
time consuming and perilous chemical synthesis of nanoparticles for a scalable formulation. The clear, intense XRD peaks
revealed the crystalline nature of NPs, EDX results confirmed the purity of samples and finally, FT-IR analysis exhibited the
presence of phytomolecules along with Fe NPs in final product obtained.
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INTRODUCTION

Nanotechnology is a promising revolution of the 21°-
century world. The term nanotechnology was given by
scientist Norio Taniguchi, Tokyo University, in 1974,
while Feynman R. P. (Nobel laureate) conferred nano-
technology amid his address in 1959 “There’s plenty of
room at the bottom” (Bhateria et al., 2021). According
to IUPAC defined nanoparticles in 1997, the particles
whose size varies from 1x10” to 1x10 of any shape.
Various natural processes lead to nanoparticles pro-
duction like cosmological, geological, metrological etc.
Nano objects have innovative attributes and behaviour
that contrast remarkably from corresponding bulk coun-
terparts reason being their large surface area to volume
ratio. Nanotechnology involves the employment of na-
nomaterials that are natural, incidental, or manufac-
tured particles in unbound, and/or aggregate, and/or

agglomerated having at least one external dimension of
length in between 1-100 nm (Hoyt and Mason, 2004;
European commission, 2011; Fuster et al., 2021).

Nanotechnology shaves all regimen being interdiscipli-
nary in nature by abstracting opportunities in physics,
chemistry, biology, material science etc. Researcher
constant efforts was to develop a more efficient, facile,
cost-friendly, sustainable, environmentally safe, single-
step process alternative for large scale production of
nanoparticles as a symbolic presentation of the pro-
gress of mankind. And the search ends at the biological
entities like microorganisms and plants. Wang (2010)
introduced the term green chemistry amid a project
floated by EPA (Environmental Protection Agency) by
United States (US). The aim of the project was to en-
force imperishable advancement in synthetic automa-
tion (Wardencki et al., 2005). The prolonged and high
exposure to solvents used in chemical synthesis cause
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occupational disease like carcinogenicity. The main aim
of green chemistry is the replacement of the perilous
solvent by the greener ones and the synthetic method
that are more reproducible, scalable. The green tech-
nology results in improved morphology, prevention of
agglomeration and aggregation of nanoparticles
(Ajiboye et al., 2021).

The physical attributes of Fe NPs associated with core
matter like magnetism and plasmon coupling broaden
the application fields (Mulens-Arias et al., 2021). Re-
cently, Fe NPs are employed in important therapeutic
applications, including bio-separation, detection, correct
and localized delivery of cargos, i.e. biological entities
like protein, RNA, enzyme, drugs etc. due to their mag-
netic attributes. Their adaptability to modified surface
functionalization in external magnetic fields broadens
their clinic potentiality (Wei and Wang, 2008). Magnetic
Fe NPs have a small size and large surface, so they
carry high energies on their surface. Therefore, to mini-
mize it, they favour aggregate. Besides, nude magnetite
Fe NPs get oxidized in air quickly due to their high reac-
tivity, which results in losing magnetism as well as dis-
persibility.

Cost of micro-organism isolation, culture media and
risk of contamination can be cut off using less man-
aged, perennial, sustainable, easily available, wide dis-
tribution, eco-friendly plant parts extract. Plants serve
multiple purposes in human civilization since the golden
ages, recent being the cost-effectivity in synthesizing
nanoparticles over micro-organisms. Azadirachta indica
is a part of the Meliaceae family and a native of tropical
regions. Neem tree products are called a rural pharma-
cy in India as they are employed for their medicinal at-
tributes since the golden ages. Neem products exhibit
oviposition, deterrent, ovicidal, insect growth inhibitor,
antifeedant, repellent, anthelmintic, antidiabetic, antifun-
gal, antibacterial, antiviral, contraceptive, and sedative
(Dodia et al., 2008; Pattnayak and Nayak, 2013; Ahmad
et al., 2019). This is why neem is used in Veterinary,
Ayurveda and Unani herbal curing techniques during
the prehistoric period and found a potent use in the
pharmaceutical industry nowadays. Neem oil is the key
product that is obtained from various parts in varied
concentrations like fruits (4.6%), seed (20%), kernel
(18.5-52%) (Kumar and Parmar, 1998; Deka et al.,
2021). Neem oil’'s prime constituents are limonoids from
triterpenes groups from a diverse pool of about 300
biologically active compounds (Nicoletti et al., 2012;
Chandramohan et al., 2016; Gupta et al., 2017; Ferreira
and Alves, 2021). Azadirachtin is the first ingredient
isolated from neem seeds by Butterworth and Morgan
in 1968 that showed tremendous effectivity against
pests. Its chemical structure is like the ecdysones hor-
mone of insects that helps in metamorphosis. So, it acts
as a potent growth regulator, causes sterility in female

insects and feeding deterrents, so it turns out to be a
broad spectrum.

Azadirachta indica plant parts like seeds, leaves, bark
etc., are employed for green synthesis. The main agent
in plant part mediated nanoparticles (NPs) synthesis
are phyto-molecules like terpenoids, alkaloids, flavo-
noids etc. Interestingly most phytochemicals are water-
soluble that paved the way for cheap, nonhazardous
solvents. Biodegradability of these phytochemicals as
the capping agents prevent site contamination and
does not affect the adsorption of NPs on active site
surface (Badmus et al.,, 2018). Quick degradation of
active ingredients makes user and non-target organ-
isms safe, renewable and hinders resistance and resur-
gence. Flavonoids have low reduction potential, making
them thermodynamically feasible to reduce metal ions
by changing their enol-form to keto-form. The food in-
dustry is attracted towards the use of plants as an anti-
oxidant replacing the synthetic ones due to their
nutraceutical role against various lifestyle-related dis-
ease like diabetes, hyperlipidemia, digestive problems,
cephalgia, renal malfunction and others (Nahak and
Sahu, 2011; Dhama et al., 2021). The main aim of the
present research work was to evaluate the effect of the
drying method on phytochemical analysis, total phenol-
ic content, antioxidant capacity and characteristics of
Fe NPs.

MATERIALS AND METHODS

Chemicals and reagents

FeCl3.6H,0, HCI, picric acid, NaOH, isopropy! alcohol,
ammonium hydroxide, chloroform, sulfuric acid, acetic
acid, ethanol, sodium picrate of analytical grade and
high purity were used throughout the study. Double
distilled water was used during the complete study.

Collecting A. indica (neem) leaves

Fresh and healthy leaves of neem were collected from
the herbal garden, Maharshi Dayanand University,
Rohtak, Haryana, India. The collected samples were
cleaned thoroughly manifold under running tap water
and air and oven-dried separately. The air-dried and
oven-dried leaves were grounded to a fine powder sep-
arately with an electric grinder.

Plant extract preparation

5 gm of air-dried and oven-dried leaves powder were
boiled at 80°C (for 1 hour) separately in 100 ml distilled
water and then the solution was filtered using What's
man filter paper. The obtained leaves extract or filtrates
using air-dried and oven-dried leaves were abbreviated
as sample A and sample B, respectively and stocked at
4 °C for the further experiment, i.e. for preparation of
nanoparticles.
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Green synthesis of iron nanoparticles

0.001 M solution of Ferric chloride hexahydrate was
prepared using distilled water. 1:1 ratio of ferric precur-
sor was blended with sample A and sample B sepa-
rately with constant stirring at 50-60°C for 30 minutes
(Pattanayak & Nayak, 2013; Wang et al., 2014a) and
then centrifuged at 10000 rpm for 40 minutes. The pre-
pared NPs (abbreviated as sample 1 and sample 2,
respectively) were oven-dried for 24 hours, separately
and used to characterize nanoparticles.

Phytoconstituents analysis of both plant extracts
(sample A and B) and nanoparticles (sample 1 and
2)

A) Detection of alkaloids: Both extracts and NPs
were solvated with 5% HCI, and filtered, an aliquot was
employed for further experiment. The aliquots were
treated with a few ml of Hagner’s reagent, which gave
yellow precipitate and confirmed the presence of alka-
loids.

B) Testing for flavonoids (NaOH test): 10% NaOH (3
drops) were mixed to extracts and NPs that were dilut-
ed with isopropyl alcohol independently. The existence
of xanthones and/or flavones, flavonols, chalcones and
anthocyanins was marked by vyellow-red, coffee-
orange, purple-red or blue colour formation proportion-
ately.

C) Detection of saponins (Foam height test): 5 ml
extracts and NPs were added to 5 ml H,O individually
and the contents were heated, agitated actively till froth
formation, and then acknowledged to set at room tem-
perature.

D) Testing for quinones and anthraquinones
(Ammonium hydroxide test): 10 mg of plant extracts
and NPs formerly solvated with isopropyl alcohol was
mixed with a drop of concentrated ammonium hydrox-
ide separately. Red colour appearance after 2 minutes
marked the residency of anthraquinone.

E) Detection of cardiac glycoside (Baljet’'s test):
Individually, 1: 1 ratio plant extracts and NPs were
mixed to sodium picrate solution. The presence of car-
benolide was indicated by the display of yellow to or-
ange colour.

F) Testing for coumarins: 2ml extracts and NPs and
3ml of 10 % NaOH were mixed to 1 ml of ethanolic ali-
quot of plant extracts and NPs separately, agitated and
the appearance of yellow coloration shows positive
results.

G) Detection for phlobatannins (Precipitate test):
Independently 2ml extracts and NPs were added to 2ml
of 1 % HCI, and the contents were heated in the beak-
er. The formation of red precipitate showed positive
results.

H) Detection of steroids and / or triterpenoids: a)
Salkowski test: 10 drops of the extracts and NPs solv-

ated with isopropyl alcohol were mixed with 2 ml of
chloroform and 1 ml concentrated sulfuric acid, sepa-
rately dropwise till double phase emergence. In the
middle layer appearance of a dish of brown color was
symbolic of a steroidal ring.

b) Lieberman Bouchard test: 2 mL of the extracts and
NPs solvated with isopropyl alcohol were mixed with
1 mL of anhydrous acetic acid and 3 drops of concen-
trated sulfuric acid, separately. Blue-green colour in the
middle layer was symbolic of sterols, but pink, red, ma-
genta or violet colour marked the existence of terpe-
noids after 5 minutes.

1) Detection of tannins: Individually, 10 mg of ethanol-
ic extracts and NPs were mixed with 2 mL of distilled
water accompanied by 4 drops of 10% w/v aqueous
solution of ferric chloride. The development of a blue or
green colour marked the residency of phenols.

Determination of total phenolic content (TPC) of
plant extracts

TPC was estimated by Folin Ciocalteu’s reagent meth-
od (Devatha et al., 2018). The plant extracts (sample
A&B) were added to distilled water and then 0.15 ml of
Folin Ciocalteu’s reagent was added to it. After 5
minutes of incubation, 500ul of sodium carbonate solu-
tion (20 % W/V) was added and mixed properly using a
vortex shaker. The tubes were incubated for 30
minutes in the dark, and absorbance was recorded at
765 nm. The results obtained were expressed as Gallic
acid equivalents (GAE) using Gallic acid as standard.

In vitro antioxidant assay

The antioxidant capacity of plant extracts (sample
A&B) was examined in acidic pH using phosphomolyb-
date as suggested by Diab et al., 2021 with slight modi-
fication. 0.1 ml plant extract treated with phosphomo-
lybdate reagent (28mM sodium phosphate, 4 mM am-
monium molybdate. 0.6M sulphuric acid) was incubat-
ed for 1 hour and 30 minutes at 95°C. Incubation was
followed by cooling of samples and absorbance was
measured at 695 nm at room temperature. Methanolic
phosphomolybdate reagent acted as control solution
and the readings were taken against the reference of
gallic acid solution in methanol.

Characterization of NPs

Immediate confirmation of NPs formulation can be con-
firmed by pH analysis and for the present study, it was
done using Esico 1010 digital electric microprocessor
pH meter. To study size, morphology, elemental com-
position and charge on NPs, various characterization
techniques such as XRD, FESEM, EDX and zeta po-
tential were employed, respectively. The bioreduction
of Fe** to Fe’ was confirmed immediately with the
change in colour, pH, and UV-Visible spectroscopy at
M.D. University, Rohtak. The diffraction pattern of the
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samples was analyzed using Bruker D8 Advance Pow-
der X-ray diffractometer from IISER, Pune. FESEM-
EDX analysis was done using Zeiss Ultra Plus Scan-
ning Electron Microscope at IISER, Pune. EDX worked
as a unified aspect of SEM. FESEM study was con-
ducted to get the morphology and structure of synthe-
sized NPs. FT-IR analysis was used to identify the
functional group in a synthesized compound at M.D.
University, Rohtak. FT-IR spectra were studied in the
mid-infrared region of 4000-500 cm™ with Bruker's Al-
pha Il infrared spectrophotometer. Zeta sizer analysis
was employed to detect particle size distribution by
intensity, hydrodynamic diameter, charge on the sur-
face of nanoparticles, responsible for its stability. Zeta
sizer analysis was done using Malvern (Nano ZS) Zeta
Sizer Dynamic Light Scattering at M.D. University, Roh-
tak at an incident angle of 90°. The zeta potential value
of > 60 mV reproduces excellent stability followed by a
good of value 40-60 mV, while a value < 30mV illus-
trate agglomeration by virtue of van der Waals force of
attraction.

RESULTS

Phytochemical’s screening

The experimental results of phytochemical’'s screening
showed the presence of the alkaloids, flavonoids, sapo-
nins, quinones and anthraquinones, cardiac glycoside,
coumarins and tannins (Table 1) in both the plant ex-
tracts. But when the same tests were performed using
NPs, the coumarins, quinones and anthraquinones
were lacking. These secondary plant metabolites exhib-
ited the reducing capacity, which helped to reduce the
precursor FeCls.6H,0 to Fe’.

Total phenolic content analysis of plant extracts

It is very tedious to identify every secondary metabolite,
but a quantitative estimation of polyphenols concentra-
tions was done. Quantification of polyphenols showed a
concentration of 81.45 and 108.23 mg GAE/g in air-
dried and oven-dried leaves, respectively, which are
responsible for reducing and capping of NPs. The phe-
nolic molecules coating NPs help in minimizing post-
harvest losses, fertilizers, herbicides, easy degradation
and less toxic to non-target flora and fauna.

Total antioxidant capacity of plant extracts

The principle of phosphomolybdate assay is reduction
Mo (1) to Mo ([J)) in low pH, forming a green colour
complex. The intensity of the green colour indicated the
amount of antioxidants present in the solution. The
leaves extracts were established to possess a signifi-
cant total antioxidant capacity of oven-dried leaf extract
(250.165 mgGAE/g)>air dried leaf extract (180.165
mgGAE/g) due to the presence of polyphenols (Table
2).

pH test results of Fe NPs

The change in colour of the solution from yellow to
black immediately after mixing iron precursor to plant
extract indicated the formation of iron nanoparticles.
1.55 was the pH of the freshly prepared ferric chloride
solution. The pH value of air-dried (pH=5.30) and oven
-dried (pH= 7.06) leaves extract changed to 1.64 and
1.72, respectively, after the addition of ferric chloride
solution establishing the presence of Fe NPs.
UV-Visible analysis of iron nanoparticles

A continuous absorption spectrum was obtained for Fe
NPs. The absorbance peaks were observed at 226.3
nm for sample 1 and 227.30 nm for sample 2 (Fig. 1).
XRD analysis of iron nanoparticles

The study done at 26 of a range from 20° to 70° indicat-
ed that all iron and iron oxide species fall under this
scanning range. It used Cu-K, as anode with a scan-
ning rate of 2°/minute. XRD data of nanoparticles
showed the presence of iron NPs through the peak at
2theta at 43.3 as shown in Fig. 2. Utilizing the peak
broadening profile size of iron NPs was calculated us-
ing Scherrer’s formula,

D = 0.94A/BcosB

Where A is the wavelength (1.5418 A), B is the line
broadening at half of the maximum intensity (FWHM-full
width at half maximum) in radians of the respective
peaks, 0 is Bragg angle of diffraction and 0.94 is the
value of K, a dimensionless shape factor. The calculat-

Table 1. Phytochemical analysis of A. indica extracts
(Sample A-Air-dried leaves, Sample-B Oven-dried leaves)
and NPs (Sample 1 & 2)

Phytochemical Plant extracts Nanoparticles

Alkaloids + +
Flavonoids + +
Saponins + +

Quinones and
anthraquinones
Cardiac
glycoside

Coumarins + R

Phlobatannins - -

Steroids/ or
triterpenoids

Tannins + +

Table 2. TPC and TAC of plant extracts (Sample A-Air-
dried leaves, Sample-B Oven-dried leaves)

Total phenolic con- Total antioxidant

Samples tent (mg GAE/g) capacity (mg GAE/g)
Sample A 81.45 180.165
Sample B 108.23 250.165
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ed size of NPs was 63.63nm (sample 1) and 10.76nm
(sample 2). The appearance of distinctive peaks in
XRD graphs (Fig. 2) confirmed the crystalline nature of
NPs.

FESEM-EDX analysis of NPs

Penetrating X-rays excite electrons resulting into volt-
age signals (Figs. 3,4). The X-rays reflected from the
surface of the compound gives peaks at 0.6, 0.8, 6.4
and 7.0 keV belonged to iron. The results indicated that
NPs samples hold about 48.35% & 51.70% of oxygen
and 51.65% and 27.26% of iron, respectively, which
indicated the purity of Fe NPs (Table 4). In addition to
Fe and O, sample- 2 contained P, S, CI, K, Ca as
21.04% impurities. The results of FESEM given at

600 oven dried leaves

air dried leaves

500 -
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e €

200 A

200 -
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200 250 300 350 400 450 500 550 800 850
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Fig. 1. UV- VIS analysis of Fe NPs (red line- sample 1;
black line- sample 2)

Full Scale 4461 cts Cursor: 4.328 (21 cts)

10pum magnification are shown in Figs. 5,6.

FT-IR analysis of iron nanoparticles

The results confirmed that the absorbed flavonoids on
the NPs surface caused steric or electrostatic hin-
drance that resulted in great chemical and colloidal
stability (Fig. 7,8). The phytomolecules were responsi-
ble for Fe NPs formation. The presence of Fe NPs was
confirmed by a strong peak at 627 cm™ corresponding
to Fe-O in IR spectrum along with other aromatic and
amines stretches (Table 5).

Zeta sizer analysis
Zeta potential of freshly prepared NPs showed a posi-
tive value of 15.5£5.99 (Fig. 9) and 12.44+3.62 mV (Fig.
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Fig. 2. XRD diffraction pattern of Fe NPs (red line- sample
2; black line- sample 1
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Fig. 3. EDX analysis of Fe NPs (sample 1)

Fig. 4. EDX analysis of Fe NPs (sample 2)
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Fig. 5. FESEM images of Fe NPs (sample 1)
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Fig. 6. FESEM images of Fe NPs (sample 2)

1106



Kumari, T. and Shukla, V. / J. Appl. & Nat. Sci. 13(3), 1102 - 1110 (2021)

8
8
8 4
SF
Eq
E
Eg
9 4
8 1
i i b § 8
BRBRN 2 o2 8
3500 3000 2500 2000 1500 1000
Wavenumber cm-1
Fig. 7. FT-IR analysis of Fe NPs (sample 1)
Results
Moan (mV) Aroa (%) S Dov (mV)
Zota Potential (mV): 155 Poak 1: 155 1000 599
Zeota Deviation (mV): 599 Peoak 2: 000 [ 1) 000
Conductivity (mS/ecm): 143 Peak 3: 000 0o 000

Result quality
Zota Potersal Dusaribution

100 0 100 200
Apparant Zeta Potentid (mV)

Fig. 9. The zeta potential analysis of Fe NPs (sample 1)
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Fig. 11. Zeta sizer results of Fe NPs (sample 1)

10). The zeta sizer conferred the hydrodynamic diame-
ter and polydispersity index of value 576.2+0.360 (Fig.
11) and 677.9+0.499 nm (Fig. 12). Sonication of sam-
ples for 30 minutes followed by increased pH (> 7) of
suspension by mixing NaOH solution shifted the peak
to-9.13 and -11.4 mV.

DISCUSSION

Phytochemical molecules are the principles against
antibiotics, insect growth inhibitors, antifeedants, repel-
lent, anthelmintic, antidiabetic, antifungal, antibacterial,
antiviral, and other medicinal values of neem. The phe-
nolic content included secondary metabolites, pool of
neem i.e., azadirachtin, azadirone, gedunin, meliacar-
pin, nimbin, salannin, vilasinin, gallic, tannic, and ferulic
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Fig. 8. FT-IR analysis of Fe NPs (sample 2)
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Fig. 10. The zeta potential analysis of Fe NPs (sample 2)
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Fig. 12. Zeta sizer results of Fe NPs (sample 2)

acids, chlorogenic acid, flavonoids, tannins, alkaloids
that act as pollinator attractant, antioxidant, pigmenta-
tion provider, protective agents etc. Phenolic molecules
act as free radical scavengers that damage DNA, cells,
cancer-causing and accelerate cell ageing. Pattanayak
and Nayak (2013) synthesized Fe NPs using a low-cost
reduction precursor and obtained UV-VIS spectroscopy
in the range of 216-265nm. The results of the current
study were in good agreement with them, confirming Fe
NPs. More the intensity of XRD peaks more was the
crystallite nature of NPs. Fig. 2 governs that sample 2
was more crystalline in nature than sample 1. 26 peaks
(Table 3) confirmed the presence of secondary metab-
olites of the plant along with iron nanoparticles govern-
ing their stability and purity.

A comparison of the present study with the previous
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Table 3. Diffraction pattern of green synthesized iron NPs

Peak d spac-
NPs (2theta) NPs ing (nm)
Organic mol-
26.4 ecules 0.129
Sample 1 43.3 Fes0,, Fe° 0.248
51.0 FeOOH 0.20
43.3 Fes0q, Fe° 0.25
Organic
Sample 2 27.09 molecules 0.092
51.8 FeOOH 0.110

Table 4. Elemental composition of NPs

Weight % of Weight % of sample

Element  ample 1 (Fig.4) 2 (Fig. 5)
O 48.35 51.70
Fe 51.65 27.26
P - 2.21
S - 0.70
Cl - 16.33
K - 1.36
Ca - 0.44
Total 100 100
Table 5. Absorption band obtained through FT-IR
spectrum
Sample Wavelength  Functional group
3381 O-H group
1637 C=C ar.omatlc ring
stretching
Sample 1 1388 C-N stretc.:hlng ylbratlon
of aromatic amines
1092 C-O stretching vibrations
627 Fe-O
3351 O-H group
1630 C=C ar.omatlc ring
stretching
Sample 2 1415 C-N stretghing yibration
of aromatic amines
1024 C-O stretching vibrations
627 Fe-O

work is shown in Table 6. The NPs prepared are of
crystallite in nature; detectable size range; produced by
less stirring time, less quantity of plant extract were
exploited. Also, the EDX results confirmed the purity of
NPs through elemental composition and more clear
peaks of X-ray reflected from NPs surface. FESEM
results showed some irregularity due to agglomeration,
which was due to non-uniform particle size and voids.
The other absorption band of FT-IR other than Fe-O

showed that the polyphenols acted as reducing agents
and capped the surface nanoparticles. The results
demonstrated that pH played an important role as a
function of zeta potential analysis. An earlier study from
literature by Arakha et al. (2015), Cai et al. (2020), Al
Kindi et al.( 2021), Ozbas et al. (2021) confirmed that in
aqueous suspension, at higher pH the negative values
of zeta potential change to cations at lower pH due to
protonation of functional groups like amide, carboxyl
etc. The zeta potential analysis results of the present
study showed immense variation with a change in pH.
In green synthesis, the biomolecules played a signifi-
cant role in the size and shape of NPs. Stability of NPs
was in direct proportion to the pH of the suspension.
The present study suggests a clean and green ap-
proach of Fe NPs synthesis in simple laboratory condi-
tions. Due to all the earlier discussed properties of NPs,
much research is being done on environmental pollu-
tion remediation on-site to reduce the toll of transporta-
tion, less chances of contamination, and non-perilous
byproduct formation in nanoformulations along with
increased use in agriculture. Fe NPs can have a versa-
tile role like the plant as a growth promoter, nutrient
fortification, increased and improved crop yield, promot-
ed photosynthesis, enhanced biomass, plant protectant
by mitigating heavy metal uptake etc., as iron being
essential micronutrient for plants.

Conclusion

The study was emphasized to present the effect of
dried leaves used as low-cost reductant on the charac-
teristic of NPs and polyphenols concentration in extract.
The NPs produced using oven-dried leaves extract
were smaller in size (10.76nm) than air-dried leaves
extract (63.63nm). Also, results produced from EDX
analysis showed higher purity level for sample 1 (NPs
prepared from air-dried leaf extract- 51.65%) than sam-
ple 2 (NPs prepared from oven-dried leaf extract-
27.26%). The results are like the phenolic contents that
presented the antioxidant amount of samples is in co-
herence with phenols. Thus, a significant concentration
of antioxidants demonstrated that the leaves’ cells are
well protected against the ROS generated during the
photorespiration process. They act as a scavenger
against the free radicles produced during metabolic
reactions. The present work established that the uti-
lized leaf extracts are harmonious for environmental
remediation as a substitute as the concern of toxicity
and incendiary related to chemical synthesis using so-
dium borohydride were resolved. Also, results ade-
quately embellished the environmentally friendly ap-
proach, which can handle biodegradable stuff effective-
ly and having astounding relevance for the in-situ strat-
egy for concurrent eradication. On another front, plant
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Table 6. Comparison of present study with the previous work in literature

Iron precursor:

Iron
precursor 5Isaer:jt extract Plant extract Results Reference
Crystallite nature of NPs
Stirring time- 30 minutes
) , . 10.76nm & 63.63nm size
FeCl;.6H,O 1:1 Azadirachta indica EDX peak at 0.6, 0.8, 6.4 and 7.0 Current study
keV
Fe in EDX- 51.65% & 27.26%
FeCl;.6H,O 1:9 Cupressus Amorphous nature of NPs Ebrahiminezhad et
3-0r12 : sempervirens al., 2018
. L . Stirring time-45 minutes .
FeS04.7 H,O 1:2 Camellia sinensis Amorphous nature of NPs Das and Dhar; 2020
FeCls.6H,0 1:1;1:2; 1:3 Magnifera indica Amorphous nature of NPs zDgfglegn etal,
. . 10.30 nm size .
FeCls.6H,0 1:2 Juglans regia EDX peak at 0.7, 6.4 and 7.0 keV Izadiyan et al., 2020
Magnifera indica;
. Azadirachta indica; Fe in EDX- 21.33%; 16.68%;
FeS0,.7H,O 1:2 Murraya koenigii; 9.60%: 12.86% Devatha et al., 2016
Magnolia champaca
. Eucalyptus; green Fe in EDX- 16.17%; 42.98%
FeS0,.7H,O 1:2 tea Amorphous nature of NPs Wang et al., 2014b
FeS04.7H,O 14 Centaurea cyanus 17.5 nm size Davarnejad et al.,

2020

synthesized NPs have the potential to be used as pesti-
cides, herbicides, along with nutrient fortification.
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