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ABSTRACT. In today’s scenario nanotechnology has great importance in all scientific and non-scientific sectors.
In this study, we have synthesized magnetite nanoparticles coated by the proteins available in the Datura leaf extract
through a green and eco-friendly method. From the resulting spectrum obtained on Fe;O, for different volumes of
leaf extract of Datura leaf, the surface plasmon resonance seems to be varying with the volume of capping agent.
The data shows that as the volume of capping agent increases the SPR value is shifted to red-end. The E, values
increase with the increasing volume of capping agents. The evaluated band gap (E,) values are close to
semiconductors (0-3 eV). The values indicate that the formed Fe;O4 nanoparticles are marginally semiconducting.
The E, values are found to be dependent upon the volume of the capping agent. The properties of nano-sized
semiconductor particles depend on particle size. Here, the absorption peaks (Ama) are consistently increased giving
rise to red-shift. The value of surface plasmon resonance shift confirmed that particle size is decreased.

KEY WORDS: Green synthesis, Magnetite nanoparticles (MNPs), Leaf extract, Band gap, Optical properties,
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INTRODUCTION

In these days, green synthesis and applications of nanomaterials in different sectors such as
agriculture, medical, textiles, manufacturing industries, biomedical and pharmaceutical, waste
water treatment, sectors have been appreciated very much [1-3].

The advantages of green synthesis over chemical and physical synthesis are low cost, low
energy, eco-friendliness and simple technique. Due to the unique physical and chemical properties
of properties of Fe3;O4 NPs such as biodegradability, magnetic, biocompatibility and heat mediated
properties; these are used in medical field in treatment of various diseases such as pulmonary
diseases [4-6] like cancer [7-10], and tissue engineering [11]. Magnetite NPs also work as
effective photocatalysts in the waste-water treatment since their magnetic properties favor the
effective oxidation of organic pollutants released by various chemical, pharmaceuticals, textile
and leather industries [12-14]. In the year 2021, Altaf ef al. successfully degraded the antibiotic
levofloxacin from the aqueous solution by green synthesized MNPs (Fe;0,4) and concluded that it
can be reused up to four cycles [15]. Xiahong Shi et al. in 2022, removed toxic and potential
pollutant microplastics from the water bodies by MNPs [16].

The conventional chemical synthesis requires high energy, toxic materials, high cost and no
atom economy, so in this study, the magnetite nanoparticles (MNPs) were synthesized by using
the Datura leaf extract and metallic solutions through green and ecofriendly approach. Here,
MNPs was synthesized by Datura leaf extract by reduction of Fe*" and Fe** ions to Fe;O4 NPs
from ferrous and ferric chloride solution within few min of start of reaction at 80 °C. The average
size of magnetite nanoparticles can be controlled by varying the volume of the leaf extract. Plant
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protein coated core-shell structure of magnetic nanoparticles seems to have colloidal stability and
magnetic stability as confirmed by SQUID study [17] which confirms that the protein-coated nano
bio-hybrid magnetite shows super-paramagnetic behavior.

The band gap of the magnetic nano particles has been increased with the decrease in particle
size. The surface plasmon resonance increases with the increase in volume of capping agent. The
data shows that as the volume of capping agent increases the surface plasmon resonance value is
shifted to red end. This newly surface-modified synthesized magnetite particle can be used as
semiconductors.

EXPERIMENTAL
Collection and preparation of Datura leaf extract

About 500 g of Datura leaf were collected from the Mody University of Science and Technology
(MUST), Rajasthan, India, and washed with distilled water to remove stuck dust and other
particles and then kept it at room temperature for 14 days to remove moisture present in the leaves.
Then dry leaves were ground in a mortar into small pieces taken 40 g dried powder and boiled in
500 mL RB flask, by adding of 300 mL doubled distilled water and methyl alcohol for 1 h at 60
°C on a magnetic stirrer. The extract was filtered through Whatman filter paper — 42 and kept in
a refrigerator. The filtrate was used in the synthesis of magnetic nanoparticles [18].

Synthesis of magnetite nanoparticles (Fe3Oy)

The MNPs were synthesized by green route through Datura leaf extract. 10 mL of 0.05 M
FeCl,.4H,0 and 1 mL of 0.1 M FeCl;.6H,0 (2:1) were added to the 100 mL of leaf extract with
NaOH in 250 mL beaker and heated at 80 °C under mild stirring for 1 h. The dark red color
precipitates were obtained which indicates the synthesis of MNPs. The dark red color MNPs are
washed by re-dispersion in distilled water. The mixture was kept in the refrigerator at low
temperature for rapid precipitation. The gradual change of colour of the nanoparticle formation
has been shown in Figure 1.

Datura plant Datura leaves Datura leaf extract Final extract Colloidal s"]"rn of MNPs

Stuck MNPs on the MNPs hanging through MNPs attracted by MNPs stuck on the

magnet poles a watch glass by the external magnetic pole magnetic needle
magnet

Figure 1. Synthesis of MNPs by Datura leaf extract.
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Datura leaf extract + HO + Fe*(aq) + Fe*'(aq) + OH” — [DLE/MNPs]

The reduction of Fe** to Fe?* is due to the presence of variuos organic compounds such as phenols,
protein, cardiac glycosides, flavonoids etc. in Datura leaf extract [19].

The MNPs colloidal solution was dried and characterized by the FTIR technique. The same
procedure was applied for 10, 20 and 30 mL Datura leaf extract which is shown in Figure 2.
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Figure 2. Preparation of nanoparticles by using different volumes of Datura leaf extract (10, 20,
30 mL).

Figure 3 shows the dark red color of the Fe**/Fe?* solution after adding Datura leaf extract and
NaOH at 80 °C.

Add DI extract and NaOH Finely dispersed solution
R/C\N/R" Heavy nanoparticles
Solution of FeCl, B Magnetic NPs
D .Fe?lz and Amide carbonyl of Protein
eionized water

Figure 3. Photograph of synthesized Fe;O4-NPs in Datura leaf extract.
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RESULTS AND DISCUSSION

The nanosized Fe;O, was characterized by different techniques such as FTIR, TGA, XRD, TEM,
UV-Vis detailed studies have been reported in the published paper [18]. The coated protein layers
on the nanosized Fe;O4 particles were confirmed by Fourier-transform infrared spectroscopy (FT-
IR) and thermogravimetric analysis (TGA), nature of the crystalline particle and particle size was
determined by X-ray diffraction (XRD) and Transmission electron microscopy (TEM),
respectively.

Size control and influence of particle size on the optical properties

Figure 4 shows the UV-Vis spectra of Fe;O4 for different volumes of freshly prepared Datura leaf
extract. The UV-Visible spectral data were observed at 390, 370, 355 and 345 nm; where the
absorbance value is minimum for 5, 10, 20 and 30 mL of extract volume, respectively.

The surface plasmon resonance seems to be varying with the volume of the capping agent
which has been recorded in Table 1. The data shows that as the volume of capping agent increases
the SPR value is shifted to red end.

Table 1. Capping agent concentration and SPR.

Different volumes of capping agent SPR (Amax)
5 mL of extract 218
10 mL of extract 228
20 mL of extract 234
30 mL of extract 249
PRI
b /\fi;.‘ M 345mm
4 ) \_ 355 om
" Q) / 370 nm
e, 390 am
200 400 600 800

Wavelength (nm)

Figure 4. UV/Vis absorption measurements of Fe;O,4 nanoparticles for different concentrations of
Datura leaf extract - (X), where X = different concentrations of Datura leaf extract, X =
5 mL (light green), 10 mL (Dark blue), 20 mL (light blue), 30 mL (red).

Band gap calculation

The optical band gap of the synthesized nanomaterials was calculated by the following equation:
Band gap energy (Eg) =h*c/A [17, 20]. The calculated values of the band gap of each sample with
different volumes of capping agents have been presented in Table 2.

The E, values increase with increasing volume of capping agent. The evaluated E, values are
close to semiconductors (0-3 eV). The values indicate that the formed Fe;O4 nanoparticles are
marginally semiconducting. The E, values are found to dependent upon volume of the capping
agent [21].
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Table 2. Band gap energy values of FesO4 obtained for different volumes of capping agent.

Different conc. of Mcut off) E:(J) Eg(eV)
capping agent
SmL 390 nm 5.09%10- 3.18
10 mL 370 nm 5.37%10°"° 3.35
20 mL 355 nm 5.59%10"" 3.499
30 mL 345 nm 5.76*10"" 3.6

Relation between band gap and particle size

The relation between particle size and band gap has been established with the help of UV-Vis.
The properties of nano-sized semiconductor particles depend on particle size. The spacing of the
levels and the bandgap increases with decreasing particle size. Here, the absorption peaks (Amax)
are consistently increasing giving rise to red shift which indicates that the particle size must be
decreasing [22].

According to the reference, the average particle size is decreased by increasing the
concentration of the surface-active agent. In the absorption spectrum, peak is obtained in UV
region and shifts towards higher wavelength (1) by increasing the capping agent volume. This
indicates an increase in the effective band gap [17]. The variation of particle size, band gap and
absorption peaks (SPR) with the volume of capping agent have been mentioned in Table 3.

Table 3. Different volumes of capping agent and particle size.

Different volume of Absorption peaks Eg=he/L Particle size
capping agent (Amax)
5 mL of extract 218 3.18
10 mL of extract 228 3.35 Must decrease
20 mL of extract 234 3.50
30 mL of extract 249 3.6

From Table 3, it can be understood that as the Datura leaf extract volume increases absorption
peak (A max) also increases, as a result band gap increases. Conceptually it is seen that particle size
decreases as the band gap of the sample increases. Since the absorption peak is consistently
increasing, it shows the red shift and its band gap increases [23].

Relation between SPR and particle size

Surface plasmon energy is affected by the dimensions of nanoparticles. With the decrease in size
of nanoparticles the surface plasmon resonance moves toward the red end of the spectrum. The
rate of scattering of the conduction electrons on the nanoparticle surface increases with the
decrease of the size of nanoparticles, which results in a nonlinear red shift of the SPR.

The decrease in the size of nanoparticle with increase of the bandwidth is because of the
scattering of the conduction band electrons [24]. The corresponding UV-Vis extinction spectra of
the four mentioned samples for 5, 10, 20 and 30 mL Datura leaf extract can be found in Figure 4.

From Table 1, we can see the LSPR (localised surface plasmon resonance) extinction
maximum, Amax (228 nm) of the 10 mL DI extract-MNPs sample is red-shifted by 10 nm from the
Amax (218 nm) of the 5 mL DI extract - MNPs sample. The Amax (234 nm) of 20 mL Datura leaf
extract - MNPs sample is red-shifted by 6 nm from the Amax (228) of the 10 mL Datura leaf extract-
MNPs sample.

Similarly, Amax (249 nm) of 30 mL Datura leaf extract - Fe;O, nanoparticle sample is shifted
towards red end by 15 nm from the Amax (234 nm) of the 20 mL Datura leaf extract - FesO4
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nanoparticle sample. This red-shift is due to a decrease in band gap can be attributed to the thick
adsorbate layer on the MNP’s local dielectric environment [25].

CONCLUSION

The MNPs were synthesized by reduction of FeCl; with Datura leaf extract containing phenolic
and other organic compounds. As a result, a core-shell structure is formed. As a particle goes from
bulk to nano and creates new surfaces. This increase in surface is not thermodynamically
favorable. The surfaces combine and agglomerate to each other. To prevent agglomeration and
ensure magnetic stabilization the surface modification must be done which makes NPs less toxic,
biodegradable and biocompatible. It can be understood that as the DI extract volume increases
absorption peak (Amax) also increases, as a result band gap increases. The advantages of green
synthesis over chemical and physical synthesis are low cost, low energy, eco-friendliness and
simple technique. Synthesized Nano materials have applications in nanobiotechnology,
biomedicine, diagnosis, and drug delivery systems.
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