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ABSTRACT: 
An attempt towards the realization of magnetism in polymers has been made by inducing transition metal 
oxide particles into the polymer matrix. Composite of Polyaniline and ferric oxide (50% by weight) was 
prepared by solid state reaction method. Composite was subjected to X-ray diffraction, UV-Visible 
spectroscopy and Vibrating sample magnetometry in order to investigate its structural, optical and magnetic 
properties. The composite exhibits excellent ferromagnetism at room temperature with the saturation 
magnetization of 0.136 emu. The irreversible hysteretic loop of B-H curve was obtained with the remenance 
field of 0.826 emu/g and Coercivity of 569.7 G respectively. The optical constants like electronic band gap and 
refractive index of the composite were also determined to be around 2.37 eV and 1.40 – 1.41 in the visible 
region respectively.  
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1. INTRODUCTION 

Conducting polymers have attracted a great interest in applied and fundamental research. From the discovery of high 
electrical conductivity in doped polyacetylene, huge amount of research is going on towards the understanding of 
electronic and transport properties in conjugated polymers for the applications including rechargeable batteries, 
coaxial cable, thin film transistor, electromagnetic shielding, smart window, and light emitting diodes [1–6]. 
In the recent years, the development of carriers for controlled drug delivery is a challenge for researchers. 
Synthesize and characterization of magnetic polymer constitutes a new topic of research rapidly developing in last 
10 years. The magnetic behavior of a polymer benefits the features of both magnetic particles and the conducting 
polymer [7]. Drug targeting can be achieved by magnetic control.  In this technology, targeted drug is binded with 
magnetic particles, which facilitate to concentrate drugs in the focused area of interest by means of magnetic fields 
[8-10]. Various inorganic or polymeric materials have been proposed as carriers of magnetic materials. A 
considerable advantage of the polymeric carriers is the presence of a variety of functional groups, which is able to 
modulate the carrier properties for the desired applications [8]. The use of natural polymers also attracts much more 
interest due to their availability from abundant renewable resources and due to their biocompatibility and 
biodegradability. 
 
In this work, a composite of a magnetic particle is embedded into a polymer matrix to realize magnetism in a 
polymer. A composite of Polyaniline (conducting polymer) and Ferrous oxide (transition metal oxide, a magnetic 
particle) was synthesized and characterized for its magnetic properties.  
 

 



  E-ISSN: 2321–9637 
        Volume 2, Issue 1, January 2014 

   International Journal of Research in Advent Technology 
       Available Online at: http://www.ijrat.org  

 
 

 159 

 
 
 

2. SAMPLE PREPARATION AND CHARACTERIZATION TECHNIQU ES 

Pure Polyaniline and Polyaniline / Fe2O3 composite were prepared and characterized for its structural, optical, 
electrical and magnetic properties.  
 

2.1 Synthesis of Polyaniline 

Prescribed amount of aniline (2.78g) is dissolved in 1N Hydrochloric acid under constant stirring for 1 hour. 
Calculated amount of Potassium persulphate, K2S2O8 (1.62g)  in 20 ml distilled water is added to aniline in HCl 
solution and constantly stirred for 1 hour under a temperature of 0 – 5°C. The polymerization solution results with 
the formation of dark green precipite and it is kept under room temperature for 24 hours. The precipitate is then 
filtered and dried in oven at 110°C to get Polyaniline powder [11].  
 

2.2 Synthesis of Polyaniline / Fe2O3 composite by solid state reaction 

Equal amount of polyaniline and Fe2O3 is taken and crushed in a mortar for uniform mixing. The mixture was 
subjected to heat treatment at 150°C for 5 hrs. The mixture was grinded into fine particles and annealed at 250°C for 
4 hrs. The process of composite synthesis is depicted in a flow chart (Fig. 1). PANI / Fe2O3 composite was obtained 
as dark brown powder. Composite was subjected to XRD diffraction, UV-Visible spectroscopy, Scanning electron 
microscopy and Vibration sample magnetometry in order to study the  structural, optical, morphological and 
Magnetic properties of the composites respectively.  
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Fig. 1. Flow Chart for the synthesis of Polyaniline / Fe2O3 composite by solid state reaction method 
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2.3 Analytical Characterization 

The structural characteristic of composite was analyzed using X-Ray Diffraction pattern. The pattern was obtained 
in Shimadzu diffractometer, using the Cu Kα radiation, λ = 1.5406 Ả with 40 KV and 20 mA, at a 0.04° scan rate. 
The measurements were made at room temperature with the diffraction angle (2θ) ranging from 10 to 70 degrees. 
The surface morphology of the composite was studied using scanning electron microscopy (Make: Carl Siezz, 
Model: EVO MA 15) at the resolution of 3 nm and the magnification of 1000 x. The absorption spectrum of the 
composite was observed using UV-Visible spectrometer (CARY 5E UV-VIS-NIR) at room temperature within the 
wavelength ranges from 300 nm to 1100 nm in steps of 1 nm. The magnetic behavior of the composite was 
investigated using Vibrating Sample Magnetometer (Lakeshore, Model 7404) having 1.0% accuracy of magnetic 
field and moment.  
 

3. RESULTS AND DISCUSSION 

3.1 XRD analysis 

The XRD pattern of PANI and PANI/Fe2O3 composite is depicted in Fig. 2. The pattern reveals the strong 
disordered chain of PANI with a broad is amorphous in nature due to the strong disordered chain formation. 
However PANI/Fe2O3 is polycrystalline with the preferential orientation of (104) plane. The XRD pattern of 
PANI/Fe2O3 composites also indicates the diffraction peaks of Fe2O3 centered at  24.25°, 33.11°, 35.73°, 40.75°, 
49.36°, 54.16°, 57.71°, 62.53°, 64.0°.  
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Fig 2: XRD pattern of PANI and PANI / Fe2O3 composite 
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Inset of Fig. 2 shows the Williamson Hall plot of the polycrystalline composites. The plot is further interpreted to 
determine the particle size and the strain using de-Bye Scherrer’s formula (eqn. 1),  
 

θελθβ sin4cos +=
D

A           (1) 

The particle size and the strain induced in the composite are determined to be 126 nm and -0.00341 respectively. 
The lattice constants a and c is determined as 3.114 Å and 5.393 Å respectively using eqn. 2 and 3 respectively.  

θθθθ
λλλλ
sin3

=a
            (2) 

 θθθθ
λλλλ

sin
=c

.             (3)  
 

3.2 Optical Absorbance studies 

UV-Visible absorption spectrum of the composite is depicted in Fig. 3.  The absorption spectra posses two 
absorption peaks at 248 nm and 352 nm. The peak at 352 nm is associated with the electronic transitions from highly 
occupied molecular orbital (HOMO) π-band to lowly unoccupied molecular orbital (LUMO) π*-band of electronic 
states [12,13]. The peak at 248 nm is due to the charge transfer of ferric ions [14]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: UV visible spectrum of PANI / Fe2O3 composite 
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3.2.1 Determination of Optical band gap 
 
To determine the optical band gap of the composites, Tauc’s plot for pure Polyaniline and Polyaniline/Fe2O3 
composites were plotted and depicted in inset of Fig. 3. Tauc’s plot is plotted between (αhν)1/2  and hν. The band gap 
is determined by extrapolating the linear region of the curve. The energy gap for pure polyaniline is observed to be 
2.8 eV. The optical band gap of polyaniline was already determined and reported as 2.7 eV by Reda et al [15]. The 
higher value of optical band gap is due to the reduction in particle size of the synthesized Polyaniline powder. 
Composites with 50wt% of Fe2O3 in Polyaniline posses the energy gap of 2.37 eV. The reduction of band gap in the 
composite may be due to reduction in the disorder of the system and increase in the density of defect states. The 
widening of band gap in case of heavily doped semiconductors is due to the blocking of the low-energy transitions 
by the donor electrons occupying the states at the bottom of the conduction band which is known as the Burstein-
Moss effect. 
 
3.2.2 Determination of refractive index 

 Reflectance, Transmission and absorption from any material depend upon the refractive index of that 
material. Reflectance is given as, 

2

2

)1(

)1(

+
−=

n

n
R , from this relation, the refractive index as a function of wavelength in terms of reflectance have been 

derived and reported earlier [16] as, 

)1(2

)3103()1(
)(

2

−
−+−±+−

=
R

RRR
n λλλλ .  

The reflectance of the samples was extracted from the transmittance and absorbance data. Fig. 4 depicts the 
relationship between the wavelength and refractive index. The refractive index of the composite in the visible range 
(300 – 700 nm) is determined as 1.40 to 1.41.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4: Refractive index Vs wavelength 
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3.3 Magnetic Characteristics 
Fig. 5 shows the typical magnetization curve of the magnetic composite. From the magnetization curve it is 
understood that the composite exhibits ferromagnetism with remanence magnetization (Mr) of 0.0413 emu (0.826 
emu/g) and the coercive field of 590.78 gauss. The saturation magnetization (MS

) was around 0.139 emu (2.78 

emu/g). The relative saturation remanence, mr = Mr/MS is 0.297. The sensible value of sr MM ratio also supports 

the better hysteresis behavior of the composite.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: M-H curve of PANI / Fe2O3 composite 
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3.4 SEM analysis 
PANI/Fe2O3 composite was subjected to SEM imaging. The image was observed at the magnification of 5000 x. 
The magnified SEM image was depicted in Fig. 6. The image shows the uniform distribution of PANI and Fe2O3 in 
the composite. There is no agglomeration of particles was observed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: SEM image of PANI / Fe2O3 composite 

 
 
CONCLUSION 
Composite of PANI and Fe2O3 was prepared by solid state reaction route. Composite were subjected to XRD, SEM, 
UV-Visible spectroscopy and Vibration sample magnetometry in order to study the physical characteristics of the 
composite. XRD pattern of the composite depict the polycrystalline nature and the lattice parameters was 
determined. The optical parameters like optical band gap and refractive index are established from the absorption 
spectrum of the composite.  
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