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Biological synthesis of nanoparticles favors the eco-friendly development of nanotechnology. A novel 
approach to synthesize magnetite nanoparticles through green route has been developed. In the present 
study Azadirachta indica leaf extract was used as reducing and capping agent in the biosynthesis of iron 
oxide nanoparticles. The successful synthesis of magnetite nanoparticles was confirmed by UV-Visible 
spectroscopy and characterized by transmission electron microscopy, X-Ray diffraction, energy 
dispersive X-ray analysis, atomic force microscopy and Fourier transform infra-red spectroscopy. Stable 
magnetite nanoparticles of average 3-8 nm size with spherical shape were obtained. These phytogenic 
nanoparticles possess characteristic magnetic property and DPPH free radical scavenging activity. 
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1. Introduction 

In the current scenario, nanoscience and nanotechnology are evolving 
as new trends in the world of science and technology. The increase in 
concern to pursue the nanoparticles with nanoscale dimensions is 
considerably growing since the past decade. This is because of their unique 
physical, chemical, optical, electrical, mechanical, catalytic and magnetic 
properties when compared to their large counterparts [1]. In general these 
properties depend upon the size and shape of the particles [2]. 
Nanoparticles have wide range of applications and implications in various 
fields like medicine, pharmaceuticals, biotechnology, agriculture etc. 
Magnetite (Fe3O4) is a common, naturally occurring iron oxide mineral 
with useful magnetic properties [3]. Magnetic iron oxides are often used 
in magnetic storage [4], including their application in magnetic layer of 
hard discs, floppy discs and cassette tapes. Magnetite nanoparticles also 
act as sorbent in the removal of Arsenic (II), Arsenic (III), Arsenic (V) and 
Chromium (IV) from water [5-7]. They have anticorrosion property and 
are used in paints and coatings [8]. These magnetic nanoparticles have 
appreciable quest in genetic and tissue engineering [9], medical diagnosis 
and therapy including MRI imaging, cancer hyperthermia [10] and drug 
delivery [11,12]. Recently, it was demonstrated that magnetite 
nanoparticles can boost crop production and quality [13].  

Numerous methods were developed for the synthesis of magnetite 
nanoparticles, which include sol gel process [14], co-precipitation [15], 
sono-chemical method [16], hydrothermal techniques [17], non-aqueous 
synthesis [18], ultra sound irradiation [19], thermal reduction of metal 
organic compounds such as Fe(acac)3 [20], Fe(CO)5 [21], micro emulsion 
method [22] etc. All these physical and chemical methods require high 
pressures and temperatures, even involving harmful chemicals. In 
contrast, biogenic synthesis involves the synthesis of nanoparticles using 
live models such as plants and microbes or their extracts. Microbial 
synthesis is time consuming and somewhat risky method, since it involves 
the maintenance of microbial cultures under sophisticated, aseptic 
laboratory conditions. Of all, green synthesis using plants and plant 
extracts is currently under exploitation. It is ecofriendly, safe, non-toxic 
[23] and cost effective approach having high rate of reaction. Recently leaf 
extracts of Pistachio [24], Carob [25] and Tridax procumbens [26] were 
used for the production of iron oxide nanoparticles.  

The present study focuses on the synthesis of magnetite nanoparticles 
(MNPs) by one-pot reaction using leaf extracts of Azadirachta indica 

(neem) and characterization of nanoparticles using UV-Visible 
spectroscopy, transmission electron microscopy, X-Ray diffraction, energy 
dispersive X-ray analysis, atomic force microscopy and Fourier transform 
infra-red spectroscopy. 
 

2. Experimental Methods 

2.1 Synthesis of Magnetite Nanoparticles through Green Route 

2.1.1 Preparation of Azadirachta indica Leaf Extract  

Young, healthy and fresh neem leaves were collected from Azadirachta 
indica at Sri Venkateswara University campus, Tirupati. The collected 
leaves were thoroughly washed several times with double distilled water. 
These were then shade dried for a week. The dried leaves were made into 
powder to prepare the leaf extract. 5 g of neem leaf powder was added in 
100 mL of distilled water and heated at 80 °C for 5 minutes. It is allowed 
to cool down to room temperature and filtered through Whatman No. 1 
filter paper. The filtrate was centrifuged at 1200 rpm for 5 minutes. The 
supernatant was used as leaf extract for the synthesis of nanoparticles. 
 
2.1.2 Preparation of Magnetite Nanoparticles 

Ferrous chloride tetra hydrate (FeCl2.4H2O) and ferric chloride hexa 
hydrate (FeCl3.6H2O) were taken in 1:2 molar ratio and dissolved in sterile 
deionized water. This solution was heated at 80 °C under mild stirring 
using a magnetic stirrer for 5 minutes. After 10 minutes, leaf extract was 
added slowly into the solution. After 5 minutes, 1 N NaOH was added into 
the solution drop by drop for uniform precipitation of magnetite 
nanoparticles. The solution was left undisturbed and allowed to cool down 
to room temperature. The black colored nanoparticles get deposited at the 
bottom. Decantation was done in order to remove the unwanted particles 
that were not precipitated. The deposited nanoparticles were washed with 
sterile distilled water. This solution was subjected to centrifugation at 
10,000 rpm for 10 minutes. Pellet containing the nanoparticles was dried 
in hot air oven overnight at 80°C and subjected for characterization. 
 
2.2 Characterization of Magnetite Nanoparticles 

The change in color from yellowish to black in a sequence during the 
process of synthesis of magnetite nanoparticles is the key sign for the 
identification of the production of nanoparticles. Magnetite nanoparticles 
synthesized through green route were further subjected to 
characterization to know their size, shape, surface texture and chemical 
constituents. The nanoparticles were characterized using UV-Visible 
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spectrophotometer (Hitachi, model UV-2900). Transmission electron 
microscopy (TEM) observations were performed on Hitachi H-8100 
microscope at 200KV. Energy dispersive atomic spectroscopy (EDX) 
analysis was done using energy dispersive X-ray spectrometer of Hitachi. 
Atomic force microscopy (AFM) analysis was done using NOVA NT-MDT, 
SOLVERNEXT. Fourier transform infra-red spectroscopy (FTIR) analysis 
was done using FTIR spectrometer of model ALPHA interferometer, 
manufactured in Germany. To know the magnetic behavior, aqueous 
solution of magnetite nanoparticles were placed next to the magnetic 
bead. 
 
2.3 DPPH Assay 

Oxygen free radical scavenging activity of MNPs was estimated [27]. A 
solution of DPPH (0.135 mM) in methanol was prepared and 1 mL of this 
solution was mixed with 1 mL of varying concentrations (500 ppm, 1000 
ppm and 2000 ppm) of the aqueous solutions of MNPs. The reaction 
mixture was vortexed thoroughly and left in the dark at room temperature 
for 30 min. The absorbance of the mixture was measured at 517 nm. The 
ability to scavenge DPPH radical was calculated using the formula:  

 
DPPH scavenging activity (%) = [(Abs control – Abs sample)/ Abs control] x 100 

 
where, Abs control was the absorbance of DPPH radical + methanol; Abs 
sample was the absorbance of DPPH radical + aqueous solution of MNPs. 
 

3. Results and Discussion 

3.1 UV-Visible Spectroscopy 

The synthesis of magnetite nanoparticles was confirmed by the UV-
visible spectral analysis (Fig. 1). A strong peak at 234 nm was observed in 
UV-visible spectrophotometer. It is the characteristic absorption peak for 
iron oxide nanoparticles. 
 

 

Fig. 1 UV-Visible absorption spectrum of MNPs 

 
3.2 TEM Analysis 

TEM analysis shows that all the magnetite nanoparticles synthesized 
were of small size and in the range of 3-8 nm. All the particles are 
surrounded by the capping agent of the neem leaf extract (Fig. 2). 
 

 

Fig. 2 TEM micrograph of MNPs 

 

3.3 Energy Dispersive X Ray Spectroscopy 

EDX analysis showed the nanoparticles contain iron and oxygen atoms 
with atomic% of 47.04 and 52.96, and weight% of 75.61 and 24.39 
respectively (Fig. 3). This confirms that MNPs synthesized were pure 
without any impurities. 

 

Fig. 3  EDX showing the composition of MNPs 

 

3.4 Powder X-Ray Diffraction 

XRD pattern revealed the  diffraction peaks at 30.1°, 35.5°, 43.21°, 
57.01° and 62.61°, respectively indexed to (220), (311), (400), (511) and 
(440) planes of the face-centered cubic crystal phase of magnetite 
nanoparticles (JCPDS 89-3854) and confirmed the crystalline nature of the 
synthesized magnetite nanoparticles (Fig. 4). MNPs size was calculated 
using the Debye-Scherrer formula, 

 

 D = Kλ/βcosθ 
 

where, D is the average crystalline domain size perpendicular to the 
reflecting planes, K is a shape factor, λ is the X-ray wavelength, β is the full 
width at half maximum (FWHM) and θ is the diffraction angle. The 
calculated average particle size of MNPs was 6 nm. 
 

 
Fig. 4 XRD pattern of MNPs 

 

3.5 FTIR Analysis 

Fourier transform infra-red (FTIR) spectra of magnetite nanoparticles 
synthesized using neem leaf extracts was shown in Fig. 5. A broad band 
was obtained between 3389 cm-1 and 3195 cm-1. This may be due to N-H 
stretch of amines present in the neem leaf extract. A strong peak at 1619 
cm-1 represents the N-H bending of amide group. This indicates the 
presence of proteins of leaf extract in the magnetite nanoparticles 
synthesis. The presence of magnetite nanoparticles can be confirmed by 
the strong peaks at 513 cm-1, 460 cm-1 and 440 cm-1 in the FTIR region. 
Thus, it can be confirmed that the primary amide of carbonyl group in the 
leaf extract acts as reducing and stabilizing agent in the formation of iron 
oxide nanoparticles. 

 
Fig. 5 FTIR spectrum showing sharp peaks of MNPs 

 

3.6 AFM Analysis 

The 3D topograph (Fig. 6) of AFM confirms the spherical shape of the 
magnetite nanoparticles. Difference in height represents the various sizes 
of the nanoparticles. 
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Fig. 6 AFM 3D-Topograph of MNPs 

 

3.7 Magnetic Behavior of Magnetite Nanoparticles 

Magnetite nanoparticles in the aqueous solution were attracted 
towards the magnetite bead placed next to it and got deposited in front of 
the bead (Fig. 9). When the magnetic bead is rotated, the deposited MNPs 
were also rotated along with the bead. This was not observed without the 
external magnetic field. 
 

 

Fig. 7 Aqueous solution of MNPs a) without external magnetic field and b) under 
external magnetic field 

 

3.8 DPPH Scavenging Activity (%) 

MNPs of different aqueous concentrations (500 ppm, 1000 ppm and 
2000 ppm) were subjected to DPPH assay. DPPH scavenging activity (%) 
was decreased with increase in the concentration of magnetite 
nanoparticles. This confirms that MNPS possesses significant free radical 
scavenging potential (Fig. 7). 

 
Fig. 8 DPPH scavenging activity (%) of MNPs 

 

4. Conclusion 

In the present study, magnetite nanoparticles were synthesized using 
leaf extract of Azadirachta indica and characterized. Neem leaf extract acts 
as reducing and stabilizing agent in the synthesis of iron oxide 
nanoparticles. Magnetite nanoparticles of average particle size of 3-8 nm 
were obtained. These phytogenic magnetite nanoparticles are stable, safe 
to use, easy to handle and are cost effective. They possess significant 
antioxidant activity. Experiments using the phytogenic MNPs on the 
growth of selected microorganisms are in progress in this laboratory. 
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