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Abstract

Nanomaterial is defined as a material with the size range of 1 nm to 100 nm. Nanomaterials have landed
in many sectors due to its enormous characteristics features. Nanoparticles are synthesized by chemical,
physical and biological method in general. The chemical synthesis process comprises limitations like
high production cost, usage of toxic chemicals, toxic by-product emission etc., Green synthesized iron
oxide nanoparticle (IONPs) are preferred due to higher biocompatibility, non toxicity, cost effective, high
yield, less energy consumption, environment friendly by products, less usage of chemicals and eco
friendly nature. Green synthesis uses plant extracts (roots, leaves, stem, flowers and fruits) and
microorganism (bacteria, fungus and algae) for the iron oxide nanoparticle (IONPs) development.
Synthesis of plant mediated nanoparticles has obtained more notice in recent times. In this research,
synthesis of iron oxide nanoparticles with desired properties has done by green synthesis method using
Amaranthus Campestris plant stem extract and chemical method. This article summarizes the synthesis
process and characterizations of obtained iron oxide nanoparticle (IONPs) through chemical and
biological route. The comparisons between chemically and green synthesized magnetic iron oxide
nanoparticle have done using various characterization methods such as FTIR, FE-SEM, XRD,VSM, UV
visible Spectroscopy and antimicrobial activity.

Introduction

In recent times, nanoparticles have gained attention and interest by researchers due to its characteristics
such as physical properties (size, shape, crystal structure, surface characteristics etc.), physiochemical
properties (large surface area, strength, magnetic and optical property), mechanical properties (elastic
modulus, hardness, friction and adhesion), thermal properties (thermal conductivity, thermal stability and
heat transfer nature) [1] and biological properties (antimicrobial, anticancer and drug delivery system) [2].
It is reported that important properties of nanoparticles are high surface area over volume ratio [3],
reduced imperfection, high percentage of atoms on the surface and high surface energy. Nanoparticles
are classified into six major categories based on their physical and chemical nature. It includes carbon -
based, Metal based, ceramic, semi —conductor based, polymeric and lipid based NPs. In metal based NPs
production, metal precursors are used in the synthesize process. Several metal-based nanoparticles have
been synthesized and characterized such as Au, Ag, Cu, Fe, Zn etc., [4]. The applications of metal based
nanoparticles have vast potential in many sectors. Nano scale structures are synthesized by two major
approach i.e. bottom-up and Top-down. Bottom-up synthesis approach is a method in which metal atoms
combines to form clusters in nano scale level. It includes atom by atom, molecule by molecule and
cluster by cluster. Under bottom-up synthesis, there are several methods to synthesis nanoparticles such
as spinning, template support, plasma/flame spraying, laser pyrolysis, CVD, atomic or molecular
condensation and biological synthesis [5, 6]. The size of the nanoparticle plays significant role in many
end uses. Reducing and capping agents are used to stabilize the nanoparticles at the time of synthesis.
The shape and size of the NPs is controlled by involving reducing and capping agent in the process of
synthesis [7]. Top-down synthesis method is an approach of forming nanoparticle by breaking down the
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bulk material in to small tiny material i.e. converting macro & microscale particle to nanoscale [8, 9]. The
disadvantage of top down approach synthesis method is imperfection in NPs surface structure. Top-
down synthesis approach includes mechanical milling, mechanical alloying, chemical etching, sputtering,
laser ablation, electro explosion etc., Nanoparticles can be synthesized via three different routes: Physical,
chemical and biological method. Chemical method for nanopatrticle synthesis uses chemicals as a
solvent and reducing agent. The process like sono chemical, electro chemical decomposition, thermal
decomposition, co-precipitation, hydrothermal and micro emulsion is chemical method. Physical methods
for nanoparticle synthesis includes aerosol, gas phase deposition, laser induced pyrolysis, ball milling,
electron beam lithography, pulsed laser ablation. Plant, fungi, bacteria and protein mediated synthesis are
biological method of nanoparticle preparation [10—-12]. Physical method has less possibility to control
the size of the NPs in nano range. This is considered as main disadvantage of physical method.
Chemical method synthesis is commonly used among these methods due to its characteristics like more
yield, efficient, simple methodology and low cost [13]. Now a days, iron oxide nanoparticles have
extended its hand in many fields. Iron oxide nanoparticles have attracted many researchers, scientist and
industry experts due to its unique characteristics such as superparamagnetism, surface to volume ratio,
simple preparation process, low toxicity and easy separation steps. Superparamagnetism characteristics
of iron oxide nanoparticle showed colossal potential in biomedical sector [14]. Iron oxide exists in three
common form in nature i.e. magnetite (Fe;0,), maghemit (y-Fe,03) and hematite (a-Fe,03). Iron oxide
nanoparticle has wide range of application in the field of biomedical, catalyst, lithium ion battery,
magnetic recording media and heavy metal removal. 90% of super paramagnetic iron oxide nanoparticles
are synthesized via chemical method [15]. It also shows good results for antimicrobial and anti cancer
activity [16]. Iron oxide nanoparticles are prepared using co-precipitation, hydrothermal, thermal
decomposition, micro emulsion and sonochemical method [17]. Isobutanol and Iron (ll) chloride
tetrahydrate along with sodium hydroxide and ammonium hydroxide was used in synthesis of iron
nanoparticle [18].

Several plant extract have been used for iron oxide nanoparticle synthesis. Many reports have been
published related to plant mediated iron oxide nanoparticles (IONPs) production. Plant extracts acts as a
capping and reducing agent. These iron oxide nanoparticles are highly reactive and unstable in nature
due to its high surface energy. The capping of nanoparticle is essential to control the agglomeration and
over growth. It also stabilizes the nanoparticles during synthesis [19]. Phytochemicals present in the plant
extract helps in the formation of nanoparticle. Now a days, plant waste such as peels, seed, hulls
bagasse and stem have been used in synthesis of nanoparticle for sustainable production. For some type
of vegetable, certain parts are not consumed by consumer such as stem and leaves of cauliflower,
broccoli and pumpkin. Vegetable and fruit waste is responsible for green house gas emission. 44% of
global food waste comes from vegetable and fruit by products [20]. The plant waste contains valuable
phytochemicals which plays vital role in nanoparticle synthesis [21].

Chemically prepared Fe;0,/0A magnetic nanoparticle has superhydrophobicity, superparamagnetism,
thermal stability and superlipophilicity [22]. Iron oxide nanoparticles have also developed using reverse
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co-precipitation method because of its simple nature and high yield value [23] Rapid inducing heating
method involved in production of iron nanoparticles. The synthesized iron oxide nanoparticle size ranges
from 3 to 11 nm in diameter [24]. Tridax procumbens leaf extracts contains carbohydrates, proteins and
lipids components which acts as reducing and capping agent in nanoparticle synthesis [25].The
medicinal plant tridax procumbens leaf extract mediated IONPs showed good antibacterial activity
against E-Coli [26]. Gold and silver nanoparticles were synthesized using aqueous fruit extract of
chaenomeles sinensis and the developed nanoparticles were characterized for biomedical application
[27]. a-Fe,05 nanoparticles were chemically synthesized and modified with leaf extract of Ocimum

Sanctum to attain enhanced antimicrobial activity [28].

High antibacterial activity has obtained by biologically synthesized iron oxide nanoparticle (Plectranthus
amboinicus leaf extracts) compared to the chemically synthesized nanoparticle [29]. There are several
reports for green synthesis of iron oxide nanoparticle such as Graptophyllum pictum [30], Solanum
trilobatum, Ziziphora tenuior, Persia Americana, Grape proanthocyanidin, peel extract of plantain Abutilon
indicum, Azadirachta indica, Camellia sinensis [31], Bauhinia tomentosa leaves [32] and Carica papaya.
The green synthesized iron oxide nanoparticles using leaf extracts of carica papaya were used in photo
catalytic degradation of remazol yellow RR dye [33]. Tea extract is most commonly used plant source for
iron based nanoparticles [34]. Green route iron oxide nanoparticles have been used as catalyst in
degradation of methylene blue and methylene orange dyes [35]. The leaf extract of Zanthoxylum
armatum mediated iron oxide nanoparticle was used in efficient absorption of methylene blue [36].
Flower petal extract of Hibiscus Rosa-sinensis was used to synthesis IONPs for fortifying wheat biscuits
[37]. MyrtuscommunisL. Leaves extract was used in nanoparticle preparation because of the presence of
phytochemicals such as flavonoids, phenolic compounds, terpenoids etc., [38]. Chlorella KO1 extract was
taken for the synthesis process to obtain iron oxide nanoparticle for potential enhancement of plant
growth stimulating and antifungal activity [39]. Iron oxide nanoparticles have been synthesized by
modified polyol method [40]. In this work, iron oxide nanoparticles were synthesized through chemical
and green method. The synthesis technique and characteristics features of the prepared nanoparticles
were studied, analyzed and characterized. This study also compares the advantage and properties of
green synthesized nanoparticle over chemically synthesized nanomaterials.

Experimental
Materials

In general, iron oxide nanoparticles (IONPs) were prepared through co-precipitation method [17]. Ferric
Chloride (FeCls) and Iron (Il) sulfate heptahydrate (FeSO,. 7H,0) were purchased from Sisco Research

Laboratories Pvt. Ltd to get Fe?* and Fe3* ions for synthesis. Sodium hydroxide (NaOH) pellets with high
purity were purchased from Sisco Research Laboratories Pvt. Ltd. The chemicals required for the
synthesis process were used without any purification further. Amaranthus campestris stems were
collected from market at koyambedu, Chennai. Deionised water was used for synthesis process.
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Synthesis Of Iron Oxide Nanoparticle Via Chemical Route

In this process, FeCl; and FeSO, were used for nanoparticle synthesis. 1g of FeCl; and 2g of FeSO, were
dissolved in 100 ml of deionised water under normal atmospheric condition. The solution was kept under
the stirrer for complete dissolution. The dissolution was allowed for 30 minutes at 80°C with continuous
stirring to get perfectly dissolved solution. After that, 10 ml of 25% of NaOH was added drop by drop in
the solution to attain pH range of 11-12 at constant stirring. The solution starts to precipitate when it
reaches the appropriate pH level. Black precipitates were obtained at the end of the synthesis process.
After stirring the solution for 1 hour, the black precipitate (Fe;0,4) was allowed to settle and cool down.
Then after, magnet is used to separate the synthesized Fe;0, nanoparticle. The synthesized
nanoparticles were washed thoroughly using distilled water until it reach the neutral PH range. The
prepared iron oxide nanoparticle were placed in the furnace and dried. The chemical synthesis process of
iron oxide nanoparticles were shown in Fig. 1a. Then the annealed nanoparticles were taken for further
characterization.

Green Biosynthesis Of Feo Nanoparticle

Preparation of Amaranthus campestris stem extract

The fresh stems from the Amaranthus Campestris were extracted manually. The collected stems were
washed thoroughly twice with water to remove dust and other impurities. After that, the stem was dried
under normal sunlight for 5 days. The dried stem was crushed in to fine powder using mixer grinder. The
dried Amaranthus Campestris stem powder was stored until further processing. Then after, in this study,
5g of Amaranthus Campestris stem powder was soaked in beaker containing 50 ml of deionised water
and boiled for 30 minutes at 70°C. The beaker was kept on magnetic stirrer with hot plate to obtain better
extraction. The resultant extract was allowed to settle and cool down. Then the stem extract was filtered
using filter paper and the filtrate was used for the nanoparticle synthesis process.

Synthesis Of Iron Oxide Nanoparticles

Green synthesis of nanoparticle requires plant extracts as capping and reducing agent. In this
preparation, 1g of FeCl; and 2g of FeSO, were added in beaker which contains 100 ml of deionised water

to get Fe?* and Fe3* ions. The beaker was kept on magnetic stirrer with hot plate at 80°C for 30 minutes.
After getting clear orange color solution, 10 ml of 10% aqueous Amaranthus Campestris stem extract was
added into the solution. The pH level of the solution was adjusted to 11-12 by adding 2 ml of 25%
sodium hydroxide drop wise into the solution. Black precipitates readily formed once the solution reaches
the required pH range. In this process, less amount of sodium hydroxide was added to the synthesis
process compared to the chemical synthesis of iron oxide nanoparticle. The resultant precipitates in the
solution were allowed to settle down. Then after, the solution was centrifuged at 4000 rpm in centrifuge
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machine. The collected precipitates were washed twice by deionised water and the extracted Iron Oxide
Nanoparticles (IONPs) were dried. The process involved in the preparation of Amaranthus Campestris
stem extract and green biosynthesis of Fe;0, nanoparticle were displayed in Fig. 1b.

Characterization Of Chemically And Green Synthesized
Nanoparticle

The surface characteristics of the synthesized nanoparticles (chemically and green route) were analyzed
using Field Emission Scanning Electron Microscope (FESEM) with EDS. The Ultraviolet —Visible spectra
for the synthesized nanoparticles were analyzed and recorded in the range of 200—700 nm. Fourier
transform infrared (FTIR) spectrum was used to identify the compounds present in the developed
nanoparticles. FTIR is used to characterize the chemical composition of the prepared iron oxide
nanoparticles. The magnetic susceptibility and strength was characterized using Vibrating—sample
magnetometer (VSM) at room temperature. X-Ray Diffraction (XRD) was used to examine the crystal
structure and phase of the synthesized Fe;0, nanoparticles. XRD provides valuable information such as
crystallite, chemical composition, structure and phase identification of prepared nanoparticles. Iron oxide
nanoparticles are widely used in biomedical applications such as tissue engineering, antimicrobial and
hyperthermia, targeted drug delivery, Magnetic bioseparation, MRI contrast agent etc. Hence, the
antimicrobial activity of the synthesized (chemical and green method) nanoparticle was analysed by
standard disc diffusion method using gram negative bacteria i.e Escherichia coli.

Results And Discussion
UV Visible spectrophotometric analysis

The UV Visible spectrum of green and chemically synthesized NPs showed characteristics absorption
band at 295 nm which confirms the formation of iron oxide [41] and the spectra of synthesized Fe;0,
nanoparticles were shown in Fig. 2. Amaranthus Campestris stem contains bioactive compounds like
proteins, amino acid, phenolic acid, flavonoids, carbohydrates, tannin, terpenoids and other antioxidants.
The phytochemicals available in the plant extracts are responsible for the formation of nanoparticles. A
bioactive compound also surrounds the nanopatrticle during synthesis process to improve the stability of
the obtained nanoparticle. The UV Visible spectrum of Amaranthus Campestris stem extract has
absorption bands at 206, 221, 235, 254, 273, 290, 299, 301, 311 & 325 nm which indicate the presence of
phytochemicals such as flavonoids, phenolic acids, betacarotene, tannins, terpenoids and other
components. The absence of Amaranthus Campestris stem extract major peaks at 290, 299, 301 and 311
nm in the spectrum of green synthesized nanoparticles specifies that the phytochemicals such as
phenolic acid, flavonoids and other biomolecules acts as a bioreducing and capping agent in the
synthesis process. The yield comparison between green and chemically synthesized iron oxide
nanoparticle showed that the green synthesis attained more yield which is due to the addition of plant
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extract at the time of synthesis process. The yield percentage of green synthesized and chemically
synthesized IONPs were 48% and 31.6% respectively. The percentage of yield is calculated using the
given formula [42].

Weight of iron oxide nanoparticles (IONPs)
% Yield = x 100
Weight of the iron precurzors used

Analysis Of X-ray Diffraction (Xrd)

Crystalline structure and phase purity of the synthesized iron oxide nanoparticle was examined via study
of XRD pattern. XRD data of prepared Amaranthus Campestris mediated IONPs showed Bragg reflection
peaks at 26 values of 30.2, 35.6, 43.2, 57.2 and 62.8 corresponding to the crystal planes of (220), (311),
(400), (511) and (440). It has been observed that the synthesized Fe;0, nanopartciles XRD pattern
exactly matches with the intense peak of pure Fe;0, NPs XRD data. XRD pattern of chemically and green
synthesized Fe;0, NPs were displayed in Fig. 3. From the figure, it was observed that the synthesized
nanoparticles are pure form of Fe;0, due to the absence of sharp peaks at the range of 20°-30°. In this
study, the average crystallite size for chemically and green synthesized nanoparticle was calculated using
Debye-Scherrer’s equation [36].

D=kA/Bpgcosbpyy— (1)

In Eq. (1), D represents crystallite size, k is a constant i.e shape factor (0.95-0.98), A indicates X-Ray
wavelength (0.154 nm), Bhkl is the Half width of the diffraction band (FWHM) and 6 is Bragg-diffraction
angle (peak position). The average crystallite size of the chemically and green synthesized IONP is 17.22
nm and 19.12 nm respectively.

Field Emission Scanning Electron Microscopy Study (Fesem)

Figure 4 depicts the SEM with EDS spectra of synthesized Fe;0, nanoparticles via chemical and green
route. It has been clearly exhibited that the majority of the synthesized nanoparticles were spherical in
shape. The average size of the chemically synthesized Fe;0, NP was 72 nm. Nanoparticles synthesized
via chemical route were agglomerated in many areas which might be due to high surface energy and
absence of capping agent. The tendency of agglomeration leads to microstructure development from
nano range structure which influences the properties of obtained nanoparticles. Magnetic nature of Fe;0,
may also be another reason behind the agglomeration of nanoparticles. The average size of obtained
green synthesized nanoparticle was 38 nm. The size reduction of green synthesized nanoparticle
compared to chemically synthesized is due to the presence of reducing and capping agent (plant extract)
at the time of synthesis process. Capping agent reduced the agglomeration tendency since it has ability
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to cover the nanoparticle and make less possibility for the development of nanoparticle clusters. EDS
spectra of synthesized nanoparticles showed elemental composition such as C, Fe, O, Na, Cl etc., The
weight percentage of iron is more in green synthesized nanoparticle compared to chemically synthesized
nanoparticle because of the phytochemicals involved in the synthesis process. Phytoconstituents
improves the reduction of metal ions to zero valent metal atoms. The degradation of phytochemicals
present in the plant extract liberates oxygen which helps in metal oxide formation. After that, the
phytoactive components surrounds around the nanoparticle to enhance the stability which reduces the
agglomeration. Hence the plant extract indicated as bioreducing and stabilizing agent in the synthesis of
nanoparticle.

Analysis Of Vibrating Sample Magnetometer (Vsm)

The developed iron oxide nanopaticles were taken for the analysis of magnetic behavior using VSM at
room temperature. The magnetization curve of the chemically and green biosynthesized IONPs were
presented in Fig. 5. The samples were measured in the field range of -10,000 to 20,000 at room
temperature. The saturated magnetic intensity for the green synthesized and chemically synthesized
nanoparticle was 38 and 317 emu/g respectively. The magnetization curve exhibits sigmoidal shape
without any hysteresis loop. The magnetization of the chemically synthesized iron oxide nanopatrticle is
higher than the biologically synthesized nanopatrticle. In this curve, no hysteresis loop was displayed for
both samples which demonstrate the super paramagnetic nature of the prepared nanoparticle. The
developed nanoparticle can be easily separated and concentrated using small piece of magnet. Moreover,
plant extracts are used in the synthesis of nanoparticle as a capping and reducing agent. Due to the
presence of plant extract as capping agent, the magnetic intensity of biologically synthesized
nanoparticles is low compared to chemically synthesized nanoparticles. The plant extract improves the
yield during synthesis of nanoparticles due to the presence of phytochemical constituents.

Fourier Transform Infrared Study (Ftir)

The FTIR spectra of synthesized iron oxide nanoparticles were shown in Fig. 6. The FTIR spectrum of
chemically synthesized iron oxide nanoparticles showed characteristics peaks at 359, 569, 776, 1194,
1248, 1508, 1718, 2030, 2134 and 3702 cm™ . Due to the flexural vibration of Fe-O in the synthesized
nanoparticle the characteristics bands was appeared in the wavenumber of 550-1650 cm™' FTIR spectra
(Azizi 2020) [43]. The formation of Fe;0, nanoparticles was confirmed by the peaks present in the range
of 400-600 cm™ " in the FTIR spectra (Yew et al. 2016) [44]. The peaks found at 1718, 2030, 2134 and
3702 cm™ ' in the spectra is due to the bending vibration of water molecules and stretching vibration of
surface hydroxyl OH group. The FTIR spectrum of green synthesized iron oxide nanoparticles exhibited
characteristics peaks at 359, 464, 776, 880, 987, 1094, 1194, 1350, 1455, 1560, 1718, 3232 and 3858. In
green synthesized nanoparticle spectrum, the peaks at 1718, 3232 and 3858 cm™ ! correspond to the
stretching of OH group of phenolic compound and other biomolecules. It confirms the phenol compounds
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acts as reducing and capping agent in the synthesis process of Fe30, NPs. The peaks at 569 and 464

cm™ 1 in the FTIR spectrum of chemically and green method respectively confirms the obtained
nanoparticles were iron oxide.

Analysis Of Antimicrobial Activity

The antimicrobial activity of the synthesized Fe;0, nanoparticles against Escherichia coli bacteria was
analyzed using disc diffusion method as shown in Fig. 7. The antibacterial activity of the green
synthesized iron oxide nanoparticle showed appreciable antimicrobial activity against E.coli compared to
chemically synthesized IONPs due to the presence of phytochemicals on the iron oxide nanoparticles.
The plant extract act as a reducing and capping agent in the synthesis process. Many study reported the
presence of phytochemicals in the plant extracts helps in the formation of nanoparticle. The plant extract
reduces the agglomeration tendency in colloidal synthesis. Addition of plant extract in the synthesis
process reduced the size of the developing nanoparticle compared to chemically synthesized iron oxide
nanoparticle. During synthesis process, Amaranthus Campestris stem extract arrest the over growth of
nanoparticle and inhibit the agglomeration to achieve small sized particle. Higher penetration of the
nanoparticles into the bacterial cell was attained due to its reduced size compared to chemically
synthesized IONPs. Small sized IONPs can have ability to cause high conformational changes in the
bacteria due to its high surface area. Moreover, nanoparticles were surrounded by the phytochemicals in
the plant extract (as a capping agent and stabilizer) which also assisted in the performance of
antimicrobial activity. It was examined the chemically synthesized iron oxide nanoparticle showed 10 mm
zone of inhibition. The green synthesized iron oxide nanoparticles showed 18 mm zone of inhibition. In
this study, it was observed that plant mediated synthesized nanoparticles showed superior antimicrobial
activity than chemically synthesized.

Conclusion

In this study, iron oxide nanoparticles were effectively synthesized via chemical and biological methods
and characterization profiles were compared. In biological synthesis process, Amaranthus Campestris
stem extract was used to synthesize iron oxide nanoparticle. The formation of iron oxide nanoparticles
and crystalline structure of synthesized IONPs were confirmed by UV Visible spectra and XRD pattern
respectively. Surface morphology and composition of elements in the obtained nanoparticles were
analyzed using FESEM with EDS graph. The size of the biologically synthesized iron oxide nanoparticles
(38 nm) were small compared to chemically synthesized (72 nm) which exhibited noticeable
antimicrobial activity against gram negative bacteria (E.Coli). Capping of Amaranthus Campestris stem
extract on the synthesized iron oxide nanoparticles also aids in antimicrobial performance. Chemically
synthesized nanoparticles showed less antimicrobial activity due to its uncapped nature. On the other
hand, the magnetic intensity of the chemically synthesized Fe;0, nanoparticles were found to be 317
emu/g and for green synthesized Fe;0, nanoparticles is 38 emu/g. The magnetic intensity of chemically
synthesized nanoparticle was superior compared to biologically synthesized due to the absence of
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phytochemicals on the nanoparticle surface. This study clearly indicated that the green synthesized
nanoparticles are more stable than the chemically synthesized because of the capping of biomolecules.
The presence of phytochemicals on Fe;0, nanoparticles increases the anti microbial property and

decreases the magnetization nature. The yield of nanoparticle was found to be high in green method. The
plant extract (Amaranthus Campestris stem) was responsible for the both synthesis and capping of
nanoparticles. The comparison between the chemical and biological route synthesized nanoparticles
helped to establish its potential application area. Chemically synthesized iron oxide nanoparticles are
used where superparamagnetic behavior is required such as magnetic resonance imaging, magnetic
storage area etc. Green synthesized iron oxide nanoparticles have significant characteristics like
biocompatibility, antimicrobial, magnetic bioseparation and colloidal stability which can be used in
biomedical field.
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Synthesis of iron oxide nanoparticle a) Chemical method b) Green method
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Figure 2

UV Visible absorption spectra of synthesized Fe;0, NPs
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XRD pattern of synthesized Fe;0, NPs via chemical and green method
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Figure 4

FESEM images of synthesized Fe;0, via 1) Chemical method 2) Green method
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The magnetization curve of synthesized Fe;0, NPs via chemical (a) and green method (b)
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Figure 6

FTIR pattern of synthesized Fe;0, NPs via chemical and green method
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Figure 7

Antibacterial activity of Iron Oxide Nanoparticles (IONPs)1. Green synthesized

2. Chemically synthesized
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