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Abstract

Magnetic iron oxide nanoparticles were successfully prepared by one-pot low
temperature method and it was widely investigated. The phase purity and the crystal structure of
the as-prepared samples were characterized by XRD and further determined by Rietveld
analysis. The crystallite size was calculated using Debye Sherrer formula, and it shows the range
of 15-20 nm. The lattice parameters of the samples were measured by Rietveld analysis. The
morphology of the products was studied by HR-SEM and it was confirmed by HR-TEM. The
observation showed that the morphology of the nanostructures changed from nanospheres into
nanorods as the temperature was varied, while their size was also increased. The formation of
pure a-Fe>Os3 samples was further confirmed by EDX analysis. The optical properties and the
band gap energy were measured by UV-Visible DRS and PL spectra. Magnetic hysteresis (M-H)
loops revealed that the as-prepared iron oxide nanoparticles displayed ferromagnetic behavior.
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1. Introduction

Nano-structured magnetic iron oxide nanoparticles have attracted great attention, because
of their interesting magnetic properties than those of bulk materials. Magnetic iron oxide
nanoparticles are well-known and chemically reactive materials, during the past decades [1-10].
Magnetic iron oxide nanoparticles have been successfully prepared by various methods and were
used in various fields [11-20]. Among these nanostructures nanotubes, nanowires and nanorods
have more specific area and also exhibit excellent properties than others. To the best of our
knowledge, there are only very few literatures available on the low temperature one-pot template
free synthesis of magnetic iron oxide nanoparticles. Various methods have been used to develop
the different morphology of Magnetic iron oxide nanoparticles including the hydrothermal,
solvothermal, thermal oxidation and solution-combustion method [21-30].

One-pot low temperature synthesis is a well-known method for the preparation of
magnetic iron oxide nanoparticles, and offers effective control over the size and shape of the
nanostructures, than the other methods. One-pot synthesis offers several advantages, such as,
high purity products, short reaction times, relatively lower temperatures, along with high
homogeneity and well-crystallized products. However, the property of the samples depends on
size, shape and morphology of the materials. Hence, when the size of magnetic iron oxide
nanoparticles reduces to the nanometer range, it shows unusual magnetic behaviors that
evidently differ from their bulk materials, due to quantum confinement effect [31-36].

2. Experimental
2.1. Materials and methods

All the chemicals used in this study were of analytical grade obtained from Merck, India
and were used as received without further purification. The typical synthesis procedure for
magnetic iron oxide nanoparticles is as follows: Ferric nitrate (Fe(NOz3)3-9H20, 98%) and ferrous
sulphate (FeSO..7H20) were used as the precursors for this preparation. Fe(NO3)3-9H.0 and
FeSO4.7H.O was dissolved separately in double-distilled water to obtain clear solution. The
FeSO4.7H20 solution was slowly added into the Fe(NO3)3-9H-0 solution with constant stirring
at room temperature. The pH of the solution was adjusted by adding ammonia (NHs) solution

and the pH is maintained at 10, and then the solution continuously stirred for 30 min at 80 °C. A
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water, and then washed well with ethanol. The resultant solid product was dried at 80 °C for 1 h
and calcined at 600 °C for 2 h.
2.2. Characterization

The structural characterization of a-Fe>O3 nanostructures were performed using Rigaku
Ultima X-ray diffractometer equipped with Cu-Ka radiation (A=1.5418 A). Structural
refinements using the Rietveld method was carried out by PDXL program; both refined lattice
parameter and crystallite size of the obtained samples were reported. Morphological studies and
EDX of magnetic iron oxide nanoparticles have been performed with a Jeol JSM6360 HR-SEM.
The transmission electron micrographs were carried out by Philips-TEM (CM20) to confirm the
morphology and crystallite size of the samples. The surface area of the samples was derived from
the nitrogen adsorption-desorption isotherms using liquid nitrogen at 77 K using an automatic
adsorption instrument (Quantachrome Corp. Nova-1000 gas sorption analyzer). The UV-Visible
DRS spectrum was recorded using Caryl00 UV-Visible spectrophotometer to estimate their
band gap energy. The PL properties were recorded at room temperature using Varian Cary
Eclipse Fluorescence Spectrophotometer. Magnetic measurements were carried out at room
temperature using a PMC MicroMag 3900 model VSM equipped with 1 Tesla magnet.
3. Results and discussion
3.1 Structural analysis

The crystal structure and phase purity of the as-prepared a-Fe.Os samples were
confirmed by analyzing the XRD analysis. Fig.1 shows the XRD patterns of magnetic iron oxide
nanoparticles. The observed diffraction peaks are associated with [012], [110], [024], [116],
[018], [300], and [220] plane respectively, which can be readily assigned to rhombohedral phase
of magnetic iron oxide nanoparticles [24]. The XRD patterns did not show any traces of other
phases of iron oxide nanoparticles, thus confirming the high purity of iron oxide nanoparticles.
The average crystallite size of the samples was calculated using the Debye Scherrer formula [25]
is given in Eq. (1):

0.891

= -1
- pcos o @)
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where L is the average particle, A, the X-ray wavelength (0.1542 nm), g, full width at half
maximum (FWHM) and 6, the Bragg angle. The crystallite size (L) of iron oxide nanoparticles is

19 nm, due to the high temperature calcination (600 °C) [26].

Intensity (au)

i

20 30 40 50 &0 70 20

_ 2 Theta (degree) _
Fig. 1. XRD pattern of magnetic iron oxide nanoparticles.
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Fig. 2. Rietveld XRD pattern of magnetic iron oxide nanoparticles.

1954


http://www.ijfans.org/

e-ISSN 2320 —-7876 www.ijfans.org
Vol.11, Iss.9, Dec 2022
© 2012 IJFANS. All Rights Reserved

Fig. 2 shows the Rietveld refinement XRD analysis of iron oxide nanoparticles. The
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crystallite size increases with an increase in the calcinations temperature. This observation may
be attributed to the particles growth and aggregation of small particles after being calcined at
higher temperatures (600 °C/2 h) [27].
3.2. Scanning electron microscopy (SEM) studies

The morphological characteristics of the obtained magnetic iron oxide nanoparticles were
investigated by HR-SEM studies. Fig. 3 shows the HR-SEM images of magnetic iron oxide
nanoparticles with agglomeration. The particle size of magnetic iron oxide nanoparticles is
around 15-20 nm, because it is exposed to heat for more time, which results in the formation of

bigger particles, (i.e) it may be due to the sintering effect in magnetic iron oxide nanoparticles.

Fig. 3. HR-SEM images of magnetic iron oxide nanoparticles.
3.3. Transmission electron microscopy (TEM) studies
Fig. 4 shows the HR-TEM images of magnetic iron oxide nanoparticles. The average
particle size and void space diameter of magnetic iron oxide nanoparticles were found to be 15-
20 nm for magnetic iron oxide nanoparticles. A selected-area electron diffraction pattern (SAED)
of the magnetic iron oxide nanoparticles are shown in the inset of Fig. 4, which correlated well
with the XRD and Rietveld results. The SAED pattern implies that the as-prepared magnetic iron
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pattern, suggesting the single phase nature of the material.

Fig. 4. HR-TEM images of magnetic iron oxide nanoparticles.
3.4. Energy dispersive X-ray (EDX) analysis
Fig. 5 shows the EDX analysis of the as-prepared magnetic iron oxide nanoparticles. It
reveals the presence of O and Fe elements and no signals of other elements present indicating
that the as-synthesized products are pure. A small peak is appeared at 2.1 KeV for both samples,
which indicates the presence of gold (Au) peak that has been used as a sputter coating, while

preparing the sample for HR-SEM analysis for the better visibility of the surface morphology.
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Fig. 5. EDX spectrs of magnetic iron oxide nanoparticles.
3.5. Diffuse reflectance spectroscopy (DRS)

The optical properties of the as-prepared magnetic iron oxide nanoparticles were studied
by the UV-Vis DRS techniques. The energy band gap (Eg) of magnetic iron oxide nanoparticles
can be evaluated from the Eq measurements using Kubelka-Munk (K-M) model and the F(R) is
estimated using the formula [31] given in Eq. (3)

F(R) = (1-R)?/ 2R ---- (3)
where F(R), is the Kubelka-Munk function, R, is the reflectance. A graph is plotted between
[F(R)hv]? and hv, the intercept value is the band gap energy as shown in Fig. 6. The decrease in
band gap energy is due to the size effect, i.e. the crystallite size is increased with increasing the

temperature.
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Fig. 6. UV-Vis DRS spectra of magnetic iron oxide nanoparticles.

3.5 Photoluminescence (PL) studies

The PL spectrum of magnetic iron oxide nanoparticles was measured at room
temperature as shown in Fig. 7. The PL spectra can be used to study the quantum size effect and
structural defects. A strong peak appeared at around at 450 nm for magnetic iron oxide
nanoparticles, can be attributed to the band-band PL phenomenon [40], may be attributed to the
oxygen vacancies giving rise to green emissions. The intensity of these peaks increases with
increase the calcinations temperature, which produce good crystallinity of magnetic iron oxide
nanoparticles. The band gap emissions mainly indicate the various structural defects such as
oxygen vacancies. The oxygen vacancies are familiar to be great electron scavengers, which is
better for photo-activity [41].
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Fig. 7. PL spectra of magnetic iron oxide nanoparticles.

3.7. VSM measurements

Magnetic properties of magnetic iron oxide nanoparticles were carried out using room
temperature VSM with the applied filed range of -10 to +10 kOe. Magnetic iron oxide
nanoparticles are an important magnetic material and shows unusual magnetic behavior, due to
their particle size and morphology of the samples [42]. Fig. 8 shows the magnetic hysteresis (M-
H) loops of magnetic iron oxide nanoparticles. The observed results indicated a ferromagnetic

behavior. VSM measurements were carried out to investigate the influence of temperature and

morphologies on their magnetic properties.
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Fig. 8. VSM spectra of magnetic iron oxide nanoparticles.

4. Conclusions

Magnetic iron oxide nanoparticles were successfully prepared by one-pot low
temperature synthesis. The morphology of the magnetic iron oxide nanoparticles depends on
calcination temperature,. The crystallite size was also increased, when the temperature is varied.
The formation of single and pure phase was confirmed by XRD and EDX analysis. Magnetic
measurements revealed that magnetic iron oxide nanoparticles show ferromagnetic
behaviorHence this method is an economical and rapid method for the preparation of magnetic
iron oxide nanoparticles, in the better optical and magnetic properties.
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