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Abstract

Iron oxide (Fe,Os) is widely used as a catalyst, pigment and gas
sensitive material. In this article, a-Fe,Os; nano-rods were first
synthesized via a simple chemical method using iron(l11) nitrate 9-
hydrate (Fe(NO3);.9H,0) as precursor. XRD pattern showed that
the iron oxide nanoparticles exhibited alpha-Fe,O; (hematite)
structure in nanocrystals. The single-phase a- Fe,O3; nano-rods
were prepared when the samples calcined at 500 °C. The smallest
particle size was found to be 18 nm in diameter. The SEM studies
depicted rod-like shaped particles with formation of clusters by
increasing annealing temperature. The sharp peaks in FTIR
spectrum determined the purity of Fe,O; nanoparticles and
absorbance peak of UV-Vis spectrum showed the small bandgap
energy of 2.77 ev. The VSM result showed a coercive field and

saturation magnetism around 90 G and 9.95 emu/g, respectively.

2014 JNS All rights reserved

1. Introduction

In the past decade, magnetic nanomaterials have
attracted much attention due to their physical
properties and technological applications [1-3].
Nanoparticles of iron oxide, in its different phases,
are being currently explored for their diverse range
of applications such as magnetic storage media,
environment protection, sensors, catalysis, clinical
diagnosis and treatment etc.

The attention which is being focused on their
synthesis and characterization is well-deserved as

they have the capability to exhibit certain superior
properties as compared to bulk. In many cases
nanocrystalline iron oxide can enhance materials
performance or improve industrial processing. Iron
oxide (Fe,O3) is an important semiconductor for
the study of polymorphism and the magnetic and
structural phase transitions of nanoparticles.

In the past, nanostructures of iron oxides such
as o- Fe,0s, y- Fe,0s, B- Fe,03 and Fe;O,4, have
evoked remarkable interest from both theoretical
and experimental point of view because of their
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potential applications in nanodevices [4]. The
phase transformation which occurs during
calcination gives rise to transform a- Fe,O3 powder
which has undergone considerable aggregation and
grain growth [5,6]. Gamma and epsilon type Fe,O5
are ferromagnetic; alpha Fe,O; is a canted
antiferromagnetic while beta type Fe,O; is a
paramagnetic material. As alpha Fe,O3 has canted
magnetism which means that the magnetic
moments of the two magnetic sub-lattices do not
fully cancel each other and results in small
magnetic moment value in the direction of the
basal plane. When the size of the magnetic
particles becomes very small the magnetic moment
in the domain fluctuates in direction, due to
thermal agitation which leads to
superparamagnetism. Among different magnetic
nanoparticles, a- Fe,O3 is a very common magnetic
material as it has potential applications in the
chemical industry and also in drug delivery [7-9].
Alpha- Fe,O3 is also an environment friendly n-
type semiconductor and thermodynamically most
stable phase of iron oxide under ambient
conditions. It can be used as catalyst, gas sensing
material to detect combustible gases [10,11].

A lot of experiments have been carried out to
make its use in composites for many useful
applications [12,13]. A number of preparation
techniques have been employed earlier for the
preparation of Fe,Oz nanoparticles [14-18]. Some
of them are very expensive and time consuming. In
order to prepare homogenous nano-particles of iron
oxide, researchers have employed in different
routes to facilitate single-phase iron oxide nano-
particles such as sol-gel processes [19], w/o
microemulsion [20], combustion [21],
solvothermal [22], hydrothermal [23], solvent
evaporation and co-precipitation synthesis [25].
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In this paper, ferric oxide nanorods were
synthesized by chemical synthesis route using iron
nitrate precursor. The samples were characterized
by high transmission  electron
microscopy (HRTEM), field effect scanning
electron microscopy (FESEM) and X-ray
diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), UV-Vis spectrophotometer
and vibration sampling magnetometer (VSM).

resolution

2. Experimental procedure

The starting chemicals used were iron (IlI)
nitrate  9-hydrate (99.9%, Merck), ethanol
(99.9%, Merck) without further purification.
Distilled water was used as solvent. Precursor
powders were synthesized using the following
two methods. Firstly, 6 g of Fe(NO3)3.9H,0
was dissolved in 150 mL distilled water with
stirring at room temperature. A 12 mL ethanol
solution was then added drop wise (drop rate=
1 mL min™) to the stirring mixture at room
temperature. The Ph=1 was maintained during
the synthesis. The resulting dark dispersion
was continuously stirred for 1 h at room
temperature and then heated to evaporate for 2
h at 80°C to yield a black powder. The product
were cooled to room temperature and finally
calcined at 500°C for 4 hours. For all samples,
analyses were done without any washing and
purification.

The specification of the size, structure and
surface morphological properties of the as-
synthesis and annealed Fe;O; nanoparticles
were carried out. X-ray diffractometer (XRD)
was used to identify the crystalline phase and
to estimate the crystalline size. The XRD

pattern were recorded with 20 in the range of



M. Farahmandjou et al./ JNS 4 (2014) 413- 418

4-85° with type X-Pert Pro MPD, Cu-K,: A =
1.54 A. The morphology was characterized by
field emission scanning electron microscopy
(SEM) with type KYKY-EM3200, 25 kV and
transmission electron microscopy (TEM) with
type Zeiss EM-900, 80 kV.

3. Results and discussion

X-rar diffraction (XRD) at 40Kv was used to
identify crystalline phases and to estimate the
crystalline sizes. Fig. 1 shows the X-ray
diffraction patterns of the powder after heat
treatment. A y —a-Fe,O3 phase transformation
took place during calcination between 300 and
400 °C. An abrupt increase in the amount of a
phase occurred when the calcinations
temperature incfrease above 400 °C. The a-
Fe,O3 phase was the only phase present for the
powder calcined above 500 °C. The exhibited
picks correspond to the (012), (104), (110),
(113), (024), (116), (018), (214) and (300) of a
rhombohedral structure of a- Fe,O3 is
identified using the standard data. The mean
size of the ordered Fe,Os; nanoparticles has
been estimated from full width at half

maximum (FWHM) and Debye-Sherrer
formula according to equation the following:
D 0.894
Bcosé

where, 0.89 is the shape factor, A is the x-ray
wavelength, B is the line broadening at half the
maximum intensity (FWHM) in radians, and 0
is the Bragg angle. The mean size of annealed
single-phase a- Fe;O; nanoparticles was
around 18 nm from this Debye-Sherrer
equation. The lattice constant so obtained for
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alpha Fe;O3; nanoparticles were a=b=5.0342
A° and ¢=13.74650 A°.

The size and structure of nano o- Fe,O; were
evaluated using SEM analysis. These analyses
show that high crystallinity emerged in the samples
surface by increasing annealing temperature. With
increasing temperature the morphology of the
particles changes to the rod-like shaped and
nanopowders were less agglomerate. Fig. 2(a)
shows the SEM image of the as-prepared Fe,O;
nanoparticles. In this figure, the particles prepared
with formation of clusters. Fig. 2(b) shows the
SEM image of the annealed Fe,O3 nanoparticles at
500°C for 4 hours. The Fe,O3 nanocrystals formed
were agglomerated. The rod-like shaped particles
with clumped distributions are visible through the
SEM analysis. The particle size of as-prepared
Fe,O3; nanoparticles were measured about 20 nm
and smallest crystallite size of annealed
nanocrystals about 18 nm in diameter.

Counts
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Fig. 1. XRD pattern of annealed sample.
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Fig. 3. TEM image of as prepared Fe,O3; nanorode.

D-As-Fe "

26KV 60.0KX 1um _ KYKY-EM3200 SN:0548 According to figure 4, the infrared spectrum
(FTIR) of the synthesized Fe,O3; nanoparticles was
in the range of 400-4000 cm™ wavenumber which
identify the chemical bonds as well as functional
groups in the compound. The large broad band at
3398 cm™ is ascribed to the O-H stretching
vibration in O-H groups. The absorption picks
around 1604 cm™, 1487 cm™ are due to the
asymmetric and symmetric bending vibration of
C=0 and absorption pick around 1293 cm™ is
ascribed to PVP group. The strong band below 700
cm™ is assigned Fe-O stretching mode. The band
corresponding to Fe-O stretching mode of Fe,O; is
seen at 576 cm™.

A
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Fig.2. SEM images of the Fe,O3 nanoparticles "

50

Fig.3 is the typical TEM of the as-synthesized
Fe,O3; powder, from which it can be found that the
sample contains nano- particles with mean particle 50
size of 18 nm. The transmission electron
microscopic analysis was carried out to confirm 3300 3300 2700 2100 1500 %0 400
their growth pattern and the distribution of the Hovenemberfemt
crystallites. Figure shows the as-prepared TEM
image of rod-like shaped Fe,O; nanoparticles
prepared by chemical route. It can be seen that
nanorods were prepared with less aggregation.

Trancmittance (%T)

Fig. 4. FTIR spectrum of Fe,O3; sample.

UV-visible absorption spectral study may be
assisted in understanding electronic structure of the
optical band gap of the material. Absorption in the
near ultraviolet region arises from electronic
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transitions associated within the sample. UV-Vis
absorption spectra of as-prepared and annealed
Fe,Os; nanoparticles are shown in Figure 5. The
strong absorption band at wavelength near 430 nm
corresponds to small bandgap energy of 2.90 ev for
as-synthesize Fe,O3; nanoparticles (Fig.5a). On the
other hand the strong absorption band at
wavelength near 450 nm corresponds to small
bandgap energy of 2.77 ev for annealed Fe,Os;
nanoparticles (Fig.5b). It is realized that by
increasing annealing temperature the size of Fe,O3
nanoparticles decrease and the band gap energy
decrease because of quantum effect.
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Fig. 5. spectra of Fe,03 samples.

The classification of a material’s magnetic
property is based on magnetic susceptibility.
Magnetizations M versus applied magnetic field H
for powders of the samples are measured at room
temperature by cycling the magnetic field between
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-20k to 20k G. The magnetization curve in Figure
6 shows hysteresis behavior in the low field region
with the coercive field and saturation magnetism
around 90 G and 9.95 emu/g, respectively.
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Fig. 6. Magnetic hysteresis loop of the Fe,O; samples.

4. Conclusion

The o-Fe,O; nano-rods were successfully
synthesized by simple chemical method using
ethanol solution of Fe(NO3)3.9H,0. XRD spectrum
shows rhombohedral (hexagonal) structure of a-
Fe,Os;. From SEM images, it is clear that with
increasing temperature the morphology of the
particles changes to rod-like shaped and
nanopowders were less agglomerate. TEM image
exhibits that the as-synthesized Fe,O; nanorods
with an average diameter about 18 nm with less
aggregation. From the FTIR data, it is shown the
presence of Fe-O stretching mode of Fe,O;. The
UV-vis absorption analyses showed a strong
absorption below 500 nm with a well-defined
absorption peak at 480 nm, the direct small band
gap is found to be 2.90 eV for as-prepared samples
and 2.77 ev for annealed one. Magnetic
measurements studies showed a good coercive
field and saturation magnetism around 90 G and
9.95 emu/qg respectively.
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