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Abstract: α-Fe2O3 nanoparticle was successfully synthesized by a hydrothermal approach using fecl3 
and Na2SO4 as raw materials, and subsequent annealing at 6000C for 2 h. Transmission Electron 
Microscope (TEM) observation revealed that, the α- Fe2O3 nanostructures consisted of well-aligned α- 
Fe2O3 nanorods  had average diameters ranging from 10.0 to 35.0 nm and an average length of about 
35-110 nm. X-ray diffraction  and  FT-IR spectrum were investigated. Electrical properties of α- 
Fe2O3and its   nanocomposite with Chitosan (Ch- α-Fe2O3) film was applied on the large-scale of 
frequency. Also, Antibacterial activity of Ch- α-Fe2O3  nanocomposite was detected. 
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INTRODUCTION 

 
 Iron oxides are one of the most important transition metal oxides of technological importance. Pure phases 
of iron oxides, i.e. oxides, hydroxides or oxy-hydroxides are known to date. These are Fe(OH)3, Fe(OH)2, 

Fe5HO8·4H2O, Fe3O4,  FeO, five  polymorphs of  FeOOH and four of Fe2O3. Characteristics of these oxide 
compounds include mostly the trivalent state of the iron, low solubility and brilliant colors. (Cornell and 
Schwertmann, 1996).The fabrication of the metal oxide nonmaterial's with a defined size and shape for gas 
sensor application is currently a major focus of nanoscience and nanotechnology. Hematite(α-Fe2O3), the most 
stable iron oxide with n-type semiconducting properties (Eg = 2.1 eV) under ambient conditions, is widely used 
as catalysts, pigments, gas sensors, and electrode materials (Wu  et al. 2006), owing to its low cost, high 
resistance to corrosion, and environmentally friendly properties. 
 The previous studies mainly focused on the α-Fe2O3 films (Wang et al. 2000; Lee et al. 2001; Huo  et al. 
2005; Althainz et al. 1995; Sun et al. 1995; and Aronniemi et al. 2008) and powders (Liu et al. 1997) Stimulated 
by both the promising applications of iron oxides and the novel chemical and physical properties of  nanoscale  
materials. Considerable efforts have been made in the synthesis of α-Fe2O3nanostructured  materials with 
different morphologies. Up to now, a variety of α-Fe2O3  nanostructured  materials in various geometrical 
morphologies have been successfully fabricated, such as nanoparticles (Woo et.  al. 2004), nanotubes (Chen et 
al. 2005), nanowires and nanobelts (Wen et al. 2005), nanocubes (Zheng  et al. 2006), nanorods (Vayssieres  et 
al. 2005), spindles (Zeng et al. 2007), hollow spheres (Wu et al. 2008 and Gou et al. 2008), nanoplates (Casula 
et al. 2006), nanorings (Hu et al. 2007), rhombohedra (Park et al. 2006) and complex hierarchical structures 
constructed with nanoscale building blocks (He et al. 2008; Li et al. 2006; Zhong et al. 2006; Zhu et al.  2006; 
Zhu et al. 2007 and Cao et al. 2005), In particular, three-dimensional (3-D) superstructures assembled with one-
dimensional nanorods have attracted much attention because of their unique properties and potential 
applications (Zhu et al. 2006; Zhu et al. 2007 and Cao et al. 2005). Composite films comprising nanometer-
sized metal oxide,   semiconductor, and magnetic particles dispersed in a solid polymer matrix (Hussain et al. 
2003; Kumar et al. 2001; Djokovic et al. 2000 and Yu et al. 2001) have received an increased attention due to a 
broad range of the exceptional properties namely process imaging, biosensor, disease diagnosis, etc. This so-
called polymer nanocomposites combine the excellent functional properties of nanoparticles with desired 
properties of host polymers. Magnetic nanocomposites in terms of iron oxides including hematite, magnetite and 
maghemite are incorporated into polymer, especially water soluble polymer such as poly(vinyl alcohol) (Sinha 
et al. 2001),poly(acrylic acid) (Si  et al. 2004), poly(vinyl,pyrrolidone), poly(lactic-co-glycolic acid), 
poly(ethylene-co-vinyl acetate) (Nunes et al. 2006) to name a few. All these are typical examples of synthetic 
polymeric systems. Natural polymeric systems include gelatin, dextran, proteins, Chitosan, pullulan. 
 Several macromolecules (Massia et al. 2000; Allen et al. 2002; and Sipos et al.  2003)  have been proposed 
as coating agents to protect and stabilize iron oxide nanoparticles, including dextran (Paul et al. 2004 and Lind 
et al. 2002), starch(Chertok et al. 2008), and Ch and its derivatives(Sipos et al. 2003; Chang et al. 2006; Zhu et 
al. 2008; Zhi et al. 2006). In addition to this, the composite of  conducting polymers as chitosan (Ch) and α-
Fe2O3 materials is of great interest, which exhibits a wide range of electrical, optical and antibacterial properties. 
Ch is a linear polysaccharide composed of 2-amino-2-deoxy--d-glucan. The nanoparticles made up of Ch, have 
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been utilized as a stabilizing agent due to its excellent film-forming ability, mechanical strength, ideal 
biocompatibility, biodegradability and low cytotoxicity(Sashiwa et al. 2002). Here α-Fe2O3  nanostructure was 
successfully synthesized by a hydrothermal approach using FeCl3 and Na2SO4 as raw materials, and subsequent 
annealing  at 6000 C for 2 h .The physicochemical characterization of the magnetic α-Fe2O3  nanostructure in 
terms of morphology, structural organization was detected .Electrical properties and antibacterial activity of Ch-
α-Fe2O3 nanocomposite films were studied. 
  

MATERIALS  AND  METHODS 
 
Materials:  
 The chemicals used for the preparation of nanosized α- Fe2O3 are ferric chloride (FeCl3.6H2O), sodium 
sulfate (Na2SO4) and chitosan of medium molecular weight (400000, Mallinckradt, Paris, Kentucky). All 
chemicals were of analytical grade and used without further purification. 
 
Method:  
 α-Fe2O3 nanostructures in a typical synthesis, 10ml of 0.1M sodium sulfate (Na2SO4) aqueous solution was 
added to 2mL of 0.5M iron chloride (FeCl3) solution under magnetic stirring. After stirring for 10min, 8mL of 
deionized water was added under constant stirring to form a homogeneous solution. The mixed solution was 
sealed into a Teflon-lined stainless steel autoclave of 50mL capacity and heated at 140ofor 12 h. After reaction, 
the autoclave was cooled to room temperature naturally. The yellow product was isolated by centrifugation, 
washed  with deionized water and absolute ethanol several times, and finally dried in air at room temperature. 
The as-prepared product was heated to 600oC with a rate of 1.0oC min−1  and  then was maintained at 600° C for 
2h in air .The red powder was obtained, which was used for further analysis and characterization. Ch- α- Fe2O3 
nanocomposite films can be directly prepared  by casting in Petri dish.  
 
Characterization:  
 The as-prepared samples were characterized by X-ray diffraction  using(Philips PW 1370) X-Ray 
diffractometer with Cu, Kα, (λ= 0.154 nm), transmission electron microscopy (TEM, JEOL JEM-3010, 300 kv). 
The samples for TEM were prepared by making suspension from the powder in deionized water. A drop of the 
suspension was put into the carbon gride and left to dry. FT-IR spectra were measured using(Thermo Nicolet, 
FT-IR and NEXUS in the range of 4000–400 cm–1. UV-Vis spectra of Ch and Ch– α-Fe2O3  nanocomposite 
films were measured using UV-Vis spectrometer (6100 Jusco,Japan).The electrical properties at room 
temperature was measured by (Hioki,LCR Hitester 3532-50).The frequency dependence of electrical properties 
for as-prepared samples were measured from 100Hz to 5Mhz. The effect of antimicrobial activity of Ch–α-
Fe2O3 nanocomposite films by disk diffusing method (DDM)was done . Ch–α-Fe2O3  nanocomposite film were 
prepared by casting. The samples were tested against different strains of bacteria namely: Gram positive 
bacteria(Staphylococcus aureus, Bacillus cereus, Bacillus subtilis) and Gram negative bacteria (Escherichia 
coli, Pseudomonas aerginosa)and Yeast(Saccharomyces  Cerivesia and Candida albicans) using DDM. The 
pure cultures were used (18-24 h) and the turbidity of the bacterial culture was standarlized until the suspension 
contains approximately 1×108 - 2×108 CFU/ml. Then the bacterial suspension was cultured on plates covered 
with Mueller-Hinton Agar (Bryaskova et al., 2010). The impregnated disks were further placed on the surface of 
the inoculated agar plates and incubated at 35o for 24 hours. The inhibition zone was measured. The assay was 
performed in duplicate.  

 
RESULTS AND DISCUSSION 

 
1-XRD: 

 XRD patterns of nanosized α-Fe2O3 products obtained by calcining the precursors at C0600 in air for 2 h. 
can be seen in Fig. 1, All the strong and sharp diffraction peaks shown can be indexed to α-Fe2O3 with a 
hexagonal structure, which are consistent with the values in the literature (JCPDS No: 33-0664). 
The positions and relative intensities of the reflection peak of  α- Fe2O3 nanoparticles agree well with those 
XRD patterns of pure α-Fe2O3  nanoparticles in the literature(Srivastava et al., 2010) which confirm the 
structure of the hematite materials (Chen et al., 2005). The characteristic peaks  of lattice spacing's  (plane) of  
3.66 (0 1 2), 2.69 (1 0 4), 2.51 (1 1 0), 2.19 (1 1 3),1.83 (0 2 4), 1.65 (0 1 2), and 1.36 (3 0 0)  Ao  are observed 
for α-Fe2O3  (Fig.1) and table (1). 
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Fig. 1: XRD of the synthesized α-Fe2O3.  

 
Table 1: The characteristic peaks of α-Fe2O3 

    Plans ) A0(d 2θ 
(0 1 2) 3.66 24.31 
1 0 4)( 2.69 33.33 

(1 1 0) 2.51 35.81 
(1 1 3) 2.19 41.13 
(0 2 4) 1.83 49.70 
(0 12) 1.65 55.53 
(3 0 0) 1.36 68.84 

 
  Also, It can be noticed that, the structure contains crystalline grains embedded in amorphous matrix. The 
mean crystallite size of  nanoparticles was calculated using Scherrer’s(Klug et al. 1954)  Eq. (1):  

  
                (1) 
 

 
where D is the mean crystallite size (nm),   is the wavelength of Cu K  (0.154 nm),   is the full width at 

half maximum intensity   (FWHM) in radian and 0  is the Bragg angle ( 0 ) (Hua et al. 2008 and Chakrabarti et 
al. 2004) . XRD Scherrer formula indicated that there was conglomeration in the nanosized α-Fe2O3 powder. 
The calculated  average of the mean crystallite size equal 12.76 nm. 
 
2- TEM: 
 Fig. 2 shows two typical TEM image of the as synthesized α-Fe2O3 nanoparticles. TEM is employed to 
study the structural characteristics of the α-Fe2O3 nano structures in details. It can be noticed that the central 
portion of the superstructure is  more heavier than that of the edge, further confirming the hollow interiors of the 
unique self-wrapped nanorod arrays . Also, revealed that the α- Fe2O3  nanorods  had average diameters ranging 
from 10.0 to 35.0 nm and average length from  35 to 110 nm . These results suggest that hollow sea urchin-like 
α-Fe2O3 nanostructures constructed with α-Fe2O3 nanorods can be fabricated by the hydrothermal reaction of 
FeCl3 and Na2SO4 and subsequent annealing at 600 0C for 2h. 
 
3-FT- IR:  
 FT-IR spectrum of the synthesized α-Fe2O3 is shown in Fig. 3. The spectrum resembles the characteristics 
of α-Fe2O3,as evidenced by the multiple transimition bands between 4000-400 cm-1 . 
 Presence of  O–H  stretching vibration transimition band with the peak at 3430 cm−1 indicates the presence 
of some amount of  FeOOH in the heat treated powder and OH from adsorbed water .The transimition peak at 
587cm−1 could be related to the vibration of  Fe–O (Chakrabarti et al. 2004; He et . al. 2008; Asuha et al. 2009; 
Verdaguer et al. 1998; Jarlbring et al. 2005 and Albornoza et al. 2004), and the other peaks at 454, 632, 795 and 
892cm−1 are characteristics of  α-Fe2O3 . 
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Fig. 2: TEM images of the α-Fe2O3 . 
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Fig. 3: FT-IR spectrum of the synthesized α-Fe2O3 .  
 
3- UV-vis Spectrum: 
 The UV-Vis  spectrum of  Ch  and  Ch - α-Fe2O3  nanocomposite films are shown in figure 4. A single peak 
with maximum  at 205 nm appeared in the spectrum of  Ch . On other hand the composites spectrum has a new 
peak arises  due to the excitation of surface  Plasmon vibrations of  Fe  atoms.  This band can be attributed  to 
the  charge transfer from oxygen to the metal center as a result of introducing Iron Oxide particle in Ch. 
 
4- Electrical Properties: 

 AC- conductivity )(..  ca  of α-Fe2O3,Ch and Ch- α-Fe2O3 nancomposite have been measured in the 

frequency range (100Hz-5MHz) . Permittivity  has been calculated using the following standard equation (Celik 
et al. 2008): 
 

0.. )()()(   ca                           (2) 

 
 Where )(   is the real part of conductivity,   is the angular frequency of the signal applied across the 

samples, (  ) is the imaginary part of the dielectric permittivity and 0  (=8.852E-14 F/cm) is the vacuum 

permittivity. AC- electrical   conductivity  was calculated using the equation:    
 

)(..  ca   = L/RA                               (3) 
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 Where:  R is the electrical resistance (ohm), A is the surface area  (cm2)  and L is the thickness (cm) . AC-
conductivities of as-prepared materials α-Fe2O3, Ch and Ch- α-Fe2O3 nancomposite as a function of angular 
frequency is illustrated in Fig.5. In case of Ch- α-Fe2O3  nancomposite , AC- conductivity increased with a rule 

of n  as it depends strongly on frequency. The value of the power exponent (n) can vary differently with 
the attitude of the conductivity at low and high frequency ranges of a transition region of MHz .   
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Fig. 4: (a) UV-Vis spectra of Ch  and (b) Ch- α- Fe2O3 nanocomposite films. 
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Fig. 5: Log conductivity of (a) α-Fe2O3, (b)Ch and (c)Ch - α-Fe2O3  nocomposite as a function of angular 

frequency. 
 
 Other important characteristic behavior is that AC-conductivity increases low significantly at low and 
medium frequency while it depends strongly at high frequency over 1 MHz At medium frequency, some wavy 
characteristic behavior of the conductivity can be seen shifted to the higher frequency region.  The dielectric 
permittivity (  ) of Ch- α-Fe2O3  nanocomposite were examined as a function of angular frequency (100Hz-
5MHz) and  calculated. As shown in Fig. 6, the permittivity with higher values  observed at lower frequency 
region where the space charge polarization contribution is predominant (Elshafie et al. 1999) . The fast variation 
of the field accompanied with the applied frequency and electric dipoles are no longer able to rotate sufficiently 



Aust. J. Basic & Appl. Sci., 6(4): 55-62, 2012 

60 
 

fast to follow the field variation. This lead to a decrease in the value of permittivity with increasing of  
frequency (Field, et al. 1985).  
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Fig. 6: Real Permittivity of (a) α-Fe2O3, (b)Ch and (c)Ch- α-Fe2O3  nanocomposites  as a function of angular 

frequency. 
 
 In general,the permittivity of the nanocomposite decreases sharply with increasing frequency due to lagging 
of the molecules towards alternating of electric field. From table (2), it can be observe that the AC-conductivity 
of nanocomposite is lower than that of α-Fe2O3 and Ch which can be attributed to highest interaction between 
nanosized α-Fe2O3 and Ch molecules.  
 

Table 2: The electrical conductivity  )(..  ca  and permittivity (έ)  of α-Fe2O3, Ch   and   Ch- α-Fe2O3 nancomposite at room 

temperature and f=100Hz. 
Sample 

log )(..  ca  (Ω .cm-1) 
έ D 

α-Fe2O3 -7.99 22.5 8.24 
Ch -9.16 7.05 4.06 

Ch - α-Fe2O3 -9.22 28.7 0.37 
 

5. Antibacterial Activity of Ch- α-Fe2O3  Nanocomposite: 
 The antibacterial activity of Ch- α-Fe2O3 films was tested by using Disk Diffusion Method (DDM) in which 
the inhibition zone was monitored. It was found that all films exhibit no bactericidal activity except in case of 
Escherichia coli (Table 3). 
 
Table 3: Average inhibition zone of the films against test organisms: 

Sample type Inhibition zone
Gram positive bacteria Gram negative bacteria Yeast 

Staphyloccus 
aureus 

Bacillus 
cereus 

Bacillus 
subtilis 

Escherichia 
coli 

Pseudomanas 
aeruginosa 

Saccharomyces 
Cerivesia 

Candida 
aibicans 

Ch- α-Fe2O3 0 0 0 0.5 0 0 0 

 
Conclusion: 
 In summary, hollow sea urchin-like α- Fe2O3 nanostructures have been successfully fabricated via the 
hydrothermal reaction of FeCl3 and Na2SO4 and subsequent annealing at 6000C for 2h and dispersed it in 
chitosan (Ch) solution. The mean crystallite size of  nanoparticles  was calculated using XRD data equal 12.76 
nm. TEM techniques observation revealed that, the α- Fe2O3 nanostructures consisted of well-aligned α- Fe2O3 
nanorods  had average diameters ranging from 10.0 to 35.0 nm and an average length of about 35-110 nm.  UV-
Vis  investigation showed that, the composite spectrum has a new peak arises  due to the excitation of surface  
Plasmon vibrations of  Fe  atoms. Electrical properties of Ch- α- Fe2O3 nanocomposite  film  was measured on 
the large-scale of frequency which proved semi conducting properties of nanocomposite. Also, Antibacterial 
activity of Ch- α-Fe2O3 nanocomposite was detected towards one type of Gram negative bacteria (Escherichia 
coli). 
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