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 In the past decade, magnetic nanomaterials have attracted much attention due to their physical properties and 
technological applications. In this work, α-Fe2O3 nanoparticles were first synthesized via a simple co-precipitation method 
using iron chloride hexahydrate (FeCl3.6H2O) as precursor and ammonia solution as precipitator. The samples were then 
characterized by high resolution transmission electron microscopy (HRTEM), field effect scanning electron microscopy 
(FESEM), X-ray diffraction (XRD) and electron dispersive spectroscopy (EDS) Fourier transform infrared spectroscopy 
(FTIR) and UV-Vis spectrophotometer. XRD pattern showed that the iron oxide nanoparticles exhibited alpha-Fe2O3 
(hematite) structure in nanocrystals. The α- Fe2O3 nano-powders with uniform size were prepared when the samples calcined 
at 500 °C, and the lowest particle size was found to be 30 nm by XRD technique and direct HRTEM observation. The surface 
morphological studies from SEM depicted sphere-like shaped particles with formation of clusters by increasing annealing 
temperature. The EDS spectrum showed peaks of iron and oxygen free of impurity with fewer elements. The sharp peaks in 
FTIR spectrum determined the purity of Fe2O3 nanoparticles and absorbance peak of UV-Vis spectrum showed the small 
bandgap energy of 2.58 ev.     
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INTRODUCTION 
 
 Nanotechnology has large potential benefits to a range 
of areas. Nanomaterials have the potential to improve the 
environment through the development of new solutions to 
environmental problems.  Nanotechniques have been touted 
as a new technology that may surpass the physical and 
chemical limitations of materials made from microparticles 
[1]. Recently, nanotechnology has attracted considerable 
interest in areas of biomedicine, such as cytotoxicity [2,3], 
drug delivery [4], biosensors [5], and magnetic resonance 
imaging [6], catalyst supporters [7], and biomedical 
applications, such as magnetic carriers for bioseparation [8], 
enzyme   and   protein   immobilization   [9]   and   contrast- 
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enhancing media. Magnetic nanoparticles exhibit unique 
nanoscale properties and their utilization for various 
magnetic systems is of significant interest. Hematite (α-
Fe2O3) is the most stable iron oxide and the most 
environmentally friendly semiconductor with Band gap 
energy of Eg = 2.1 eV [10]. It is traditionally used for red 
pigment [11], catalysts [12], electrodes [13], gas sensors 
[14,15], magnetic materials [16], photocatalytic [17] and 
anticorrosion protective paints. The properties of nano-
powders greatly depend on their phase, microstructure and 
surface characteristics. The importance of iron oxide cannot 
be ignored as it is crucial for the accurate measurement of 
electricity and magnetism. In order to prepare homogenous 
nano-particles of iron oxide, researchers have employed in 
different routes to iron oxide nano-particles such as sol-gel 
processes [18], w/o microemulsion [19], combustion [20], 
solvothermal    [21],    hydrothermal   [22],   precursor  [23],  
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solvent evaporation etc. However, these methods usually 
involve special equipment, high temperatures, and the 
tedious removal of impurities, which are all time-consuming 
and come at a high monetary cost. The co-precipitation 
process has been used for the preparation of nano or sub-
micro powders in a variety of metal oxides using inorganic 
salts as precursors [24]. The synthesis of magnetite 
nanoparticles with controlled size has long been of scientific 
and technological interest. However, uniform physical and 
chemical properties of magnetite nanoparticles greatly 
depend upon the synthesis route, and how to develop a 
simplistic and effective way to synthesize magnetite 
particles with high dispersion and narrow size distribution 
remains a challenge. There are two well-known crystalline 
types of Fe2O3: maghemite (the γ-phase) with cubic 
structure and hematite (the α-phase) with rhombohedral 
structure. The phase transition of γ → α-Fe2O3 takes place 
during calcination at about 400 °C [25]. The phase 
transformation which occurs during calcination gives rise to 
transform α-Fe2O3 powder which has undergone 
considerable aggregation and grain growth [26,27]. In this 
paper,  ferric  oxide   nanorods    were   synthesized   by  co- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
precipitation route using iron chloride precursor. Structural 
and surface morphological properties are discussed by 
XRD, HRTEM, FESEM, FTIR, UV-Vis and EDS analyses. 
 
Experimental Detail 
 All chemicals were of analytical grade and were used as 
received without further purification. Iron oxide 
nanoparticles were synthesized by a simple co-precipitation 
synthesis according to the following manner. Firstly, 10 g of 
FeCl3.6H2O was dissolved in 150 ml pure water with 
stirring at room temperature. A 2 ml NH4OH solution was 
then added drop wise (drop rate = 1 ml min-1) to the stirring 
mixture at room temperature. The Ph = 1 was maintained 
during the synthesis. The resulting black dispersion was 
continuously stirred for 1 h at room temperature and then 
heated to evaporate for 2 h at 80 °C to yield a brown 
powder. The product were cooled to room temperature and 
finally calcined at 500 °C for 4 h. 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 
Fe2O3 nanoparticles were carried out. X-Ray  diffractometer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1.  XRD pattern of iron oxide nanoparticles (a) before and (b) after annealing. 
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(XRD) was used to identify the crystalline phase and to 
estimate the crystalline size. The XRD pattern were 
recorded with 2θ in the range of 4-85o with type X-Pert Pro 
MPD, Cu-Kα: λ = 1.54 Å. 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. The Fe and O elemental analysis of the 
samples was performed by energy dispersive spectroscopy 
(EDS) type VEGA, 15 kV. All the measurements were 
carried out at room temperature. 
 
RESULT AND DISCUSSION 
 
 X-rar diffraction (XRD) at 40 Kv was used to identify 
crystalline phases and to estimate the crystalline sizes.  
Figure 1 shows the X-ray diffraction patterns of the powder 
of the nanoparticles. Figure 1a shows the XRD pattern of 
the sample before annealing and Fig. 1b shows the XRD 
pattern of the sample after heat treatment. A γ → α-Fe2O3 
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 rose 
above 400 °C. The α-Fe2O3 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 α-Fe2O3 is identified using the standard data. 
The mean size of the ordered Fe2O3 nanoparticles has been 
estimated from full width at half maximum (FWHM) and 
Debye-Sherrer formula according to equation the following:
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89.0

B
D                                                                      (1) 

 where, 0.89 is the shape factor, λ is the x-ray wavelength, B 
is the line broadening at half the maximum intensity 
(FWHM) in radians, and θ is the Bragg angle. The mean 
size of annealed α-Fe2O3 nanoparticles was around 30 nm 
from this Debye-Sherrer equation. The lattice constant so 
obtained for alpha Fe2O3 nanoparticles were a = b = 5.0342 
Ao and c = 13.74650 Ao.

  Surface morphology of the as-synthesis and calcined 
samples was studied  using  SEM  analysis.  Figure 2  shows  
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Fig. 2. SEM images of the Fe2O3 nanoparticles: (a) as  

                 prepared; (b) annealed sample  
 
 

 
Fig. 3. TEM image of the as-prepared Fe2O3 nanoparticles 
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the SEM images of the as-prepared and annealed Fe2O3 
nanoparticles. Figure 2a shows the SEM image of the as-
prepared Fe2O3 nanoparticles prepared by co-precipitation 
method. In this figure, the particles prepared with formation 
of clusters. Figure 2b shows the SEM image of the annealed 
Fe2O3 nanoparticles at 500 °C for 4 h. The Fe2O3 
nanocrystals formed were agglomerated. 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 
sphere-like shaped and nanopowders were less 
agglomerated. The particle size of as-prepared Fe2O3 
nanoparticles were measured about 20 nm and the particle 
size of annealed Fe2O3 nanoparticles were measured about 
30 nm in diameter. As you can see the particles were 
crystallized as polyhedron after heat treatment. 
 Average particle size of the as-prepared powders was 
measured by using high resolution TEM. The transmission 
electron microscopic analysis was carried out to confirm 
their growth pattern and the distribution of the crystallites. 
Figure 3 shows the as-synthesized TEM image of plate-like 
shaped Fe2O3 nanoparticles prepared by chemical 
precipitation route. It can be seen that nanorods were 
prepared with less aggregation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Energy dispersive spectroscopy (EDS) of Fe2O3 
prepared by co-precipitation is shown in Fig. 4 which 
confirms the existence of Fe and O with weight percent. 
EDS was used to analyze the chemical composition of a 
material under SEM. EDS shows the peaks of iron and 
oxygen with fewer chlorine elements. As it can be seen the 
green peaks is related to chlorine elements which they have 
not been removed from the samples. Because the samples 
were not purified and centrifuged before they analyzed by 
EDS.  
 According to Fig. 5, the infrared spectrum (FTIR) of the 
synthesized Fe2O3 nanoparticles was in the range of 400-
4000 cm-1 wavenumber which identify the chemical bonds 
as well as functional groups in the compound. The large 
broad band at 3398 cm-1 is ascribed to the O-H stretching 
vibration in OH͞- groups. The absorption picks around 1604 
cm-1, 1487 cm-1 are due to the asymmetric and symmetric 
bending vibration of C=O. The strong band below 700 cm-1 
is assigned Fe-O stretching mode. The band corresponding 
to Fe-O stretching mode of Fe2O3 is seen at 576 cm-1.  
 UV-Vis 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 transitions associated within the sample.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. EDS spectra of the as-synthesized Fe2O3 prepared by wet synthesis. 
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Fig. 5. FTIR spectrum of Fe2O3 sample. 

 
 

 
Fig. 6. UV-Vis absorption spectra of as-prepared Fe2O3 nanoparticles. 
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UV-Vis absorption spectra of as-prepared and annealed 
Fe2O3 nanoparticles are shown in Fig. 6. The small bandgap 
energy of 2.58 ev were achieved at wavelength near 480 nm 
for as-synthesized Fe2O3 samples. 
 
CONCLUSIONS  
 
 Simple co-precipitation synthesis has been successfully 
carried out to fabricate α-Fe2O3 nanopowders at a relatively 
low temperature. XRD spectrum shows rhombohedral 
(hexagonal) structure of α-Fe2O3. From SEM images, it is 
clear that with increasing temperature the morphology of 
the particles changes from plate-like shaped to sphere-like 
shaped and nanopowders were less agglomerate. TEM 
image exhibits that the as-synthesized Fe2O3 nanorods 
prepared by co-precipitation route with an average diameter 
about 30 nm with less aggregation. EDS shows only peaks 
of iron and oxygen and indicates the absence of impurities 
in prepared Fe2O3. FTIR data, showed the presence of Fe-O 
stretching mode of Fe2O3. The UV-Vis absorption of iron 
oxide nanoparticles showed a strong pick at 480 nm with 
direct small band of 2.58 eV. 
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