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Abstract: Polymer composites containing metal oxides are new class of materials shows the enhanced 

properties and applications. Insitu polymerization by chemical oxidation of aniline is carried out for Polyaniline 

(PANI) and Polyaniline-In2O3 (PANI- In2O3) composite material. Different weight percentage of InO in PANI 

constitutes different PANI- In2O3 composite materials to know detailed changes. The structural changes of 

prepared composite materials were carried out by X-ray diffraction (XRD) tool.  Morphological study of Indium 

oxide, PANI and PANI-InO composites was studied by Scanning Electron Micrograph (SEM) tool. Bonding 

changes was observed by Infrared (IR) study. Structural, morphology and bonding variation is observed in 

PANI- In2O3 composite materials compared to pure indium oxide and PANI samples. Dielectric study of the 

composite materials is undertaken for its dielectric behavior. The study shows the variation of the dielectric 

behavior for different weight percentage composite materials. 
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I. Introduction 
The technological importance of basic research and its development has been carried for new properties 

and applications [1]. Indium oxide is a materials shows good electrical and optical properties [2-3] .Various 

techniques have been used for the preparation of Indium oxide materials [4-6].  More recently, there has been 

considerable attention on the synthesis of In2O3 nanostructures with well-defined nanocuboids in order to endow 

nanomaterials with additional properties or potential applications [7-8] However, it is very difficult to obtain the 

In2O3 nanocuboids directly using solution synthesis method, in which the calcination of corresponding 

hydrothermal precursors. Yang prepared the In2O3 nanocuboids used a one-step aqueous solvo thermal process, 

among the above methods, it can be concluded that H2O plays a crucial role and hydrolyzation of In3+ is 

absolutely necessary. Hence, how to prepare highly crystalline In2O3 nanocuboics using a more convenient 

direct synthesis route is urgent. So far, the synthesis of In2O3 nanocuboids in nonaqueous system is rarely 

reported. New approach on conducting polymer composite materials integrates the technology of conducting 

polymeric materials. Metal oxide inserted Polymers constitute polymer composites, which are well studied for 

its properties [9-11]. Conducting polymers have a variety of applications in various fields, such as in Industry, 

Scientific and in medical (ISM) fields. Applications like anticorrosion, static coating electromagnetic shielding 

etc comes under first generation. Second Generation of electric polymers have applications such as transistors, 

LEDs, solar cells batteries etc. Controlled conductivity, high temperature resistance, low cost and ease of bulk 

preparation make these materials attractive in the engineering and scientific world. Among conducting 

polymers, polyaniline is the most extensively studied polymer obtained by simple chemical or electrochemical 

route. Polymeric materials has become an area of increasing interest in research because of the fact that these 

materials have great potential for solid state devices [12-13]. This polyaniline has received much attention 

because of its high electrical conductivity and ease of preparation at low cost. The demand of high quality 

materials for electromagnetic compatibility is alarmingly increasing [14].  Metal oxides dispersed polymer 

composites have attracted a great deal of interest from researchers, because they frequently exhibit unexpected 

hybrid properties synergistically derived from both components. Indium oxide is one of the examples of oxide 

material, which is known for progressive properties and applications [15]. Composite of Indium oxide dispersed 

PANI with variable compositions my lead to desirable properties and new applications. These materials are 

especially important owing to their bridging role between the worlds of conducting polymers [16]. In this paper, 

we describe the synthesis of PANI and indium oxide dispersed PANI composite materials through insitu 

polymerisation method. As prepared PANI and its In2O3 composite is well characterized by various  

characterization techniques. Dielectric study of the as prepared PANI composite material is also well studied for 

its dielectric behavior. 
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II. Experimental 
1.1.   Materials and Methods 

Chemicals used in the preparation PANI and PANI composites are Ammonium persulphate 

(NH4)2S2O8, Hydrochloric acid (HCl), aniline and Indium oxide (In2O3) are of AR grade. Double distilled water 

was used in the  synthetic process Chemical oxidation of aniline was carried out for Polyaniline and Indium 

oxide composite materials.3 
 

2.2. Synthesis of Polyaniline-In2O3 Composites 

0.1 M aniline was dissolved in 1M HCl to form aniline hydrochloride. Indium oxide was added in the 

weight percent of 10, 20, 30, 40 and 50 to the above solution with vigorous stirring in order to keep the Indium 

oxide suspended in the solution.  0.1M of ammonium persulphate [(NH4)2S2O8] as an oxidant was added slowly 

to the reaction mixture with continuous stirring for 4-6 hours at 0-5
O
C. The precipitated powder recover was 

vacuum-filtered and washed with deionizer water. Finally, the resultant precipitate was dried in an oven for 24 

hours to achieve a constant weight. Similarly five different PANI- In2O3 composites with different weight of 

In2O3 (10, 20, 30, 40 and 50) in PANI have been synthesized. Pure polyaniline was prepared by chemical 

oxidation of aniline without adding Indium oxide [17-18]. 
 

 2.3. Preparation of Pellets 

Varied concentrations of prepared composites were pressed under pressure for its pellet form.  The test 

samples to be used were prepared in pellet form of diameter 10mm and thickness 3mm by applying pressure of 

7t using Pye-Unicam dye. The contacts for these composites were made using silver paste as electrodes on both 

sides [19].  
 

2.4. Characterization 

The structures of as prepared polymer composite were studied by X–ray diffraction using Phillips X–

ray diffractometer (PW3710) with Cu Kα as source of radiation. Morphology and bonding of the above polymer 

composites were studied by Phillips XL 30 ESEM and Perkin–Elmer 1600 spectrophotometer in KBr medium 

tools respectively. Dielectric measurements were carried out at room temperature over the frequency range 10
2
-

10
7
Hz using the Hiokie LCR Q meter.  

 

III. Results And Discussion 
3.4.  X-ray diffraction 

Figure-.1 shows indexed XRD pattern of pure PANI. The pattern shows the characteristics peak at 

2Theta = 25
o
 confirms the formation of pure PANI.  It shows the partial crystallinity.   Figure-2 shows XRD 

pattern of PANI- In2O3 at 50% weight composition. Presence of Indium oxide reflections are observed in the 

composite pattern and are identified on comparison with Indium oxide JCPDS file 76-0152. This oxide peaks in 

the composite pattern confirms the formation of Indium oxide dispersed polyaniline composite.  
 

3.5.  Scanning Electron Microscopy (SEM) 

Figure-3 shows SEM image of Indium oxide sample. This image shows the irregular spherical particles 

are compressed each other. Most of the particles form globular arrangement with compact structure indicates the 

crystalline structure of the sample. Figure-4 shows SEM image of pure PANI obtained by chemical oxidation 

route. This image also shows the irregular particles are in micro range and particles are spherical agglomeration 

without uniform packing. Figure-5 shows the SEM image of PANI- In2O3 at 50% weight percentage. The image 

shows the fine flecks of In2O3 particles in the PANI matrix forms cluster morphology. Some smooth solid 

blocks are due to the presence of oxide particles, which increases the crystallinity of the composite materials. 

Figure 6 shows a representative energy-dispersive X ray (EDX) spectrum of as prepared Indium oxide. The 

pattern shows the presence of In metal peaks, which again confirms the presence of In metal in polyaniline. 
 

3.6.  Infrared Study 

The bonding nature in pure PANI and PANI- In2O3 composite was well studied by infrared tool. This 

study is to ascertain the metal- oxygen (M-O) bond and shift in frequency in the PANI and metal oxide inserted 

PANI composite sample. Metal oxides generally give absorption bands below 1000cm
-1

 arising from inter-

atomic vibrations [20]. Figure-7 shows FTIR spectrum of pure PANI obtained by chemical route. The peak at 

1103cm-1 is due to the B-NH+ = Q vibration, indicating that the PANI is conductive and is in the form of 

emeraldine salt. The absorption peak at 925 cm-1 is due the C-H bonding of the aromatic ring. The peak 666 is 

attributed to the out of plane deformation of C-H aromatic ring. Additional peaks at 2322, 2089, 1537 and 

1280cm-1 are may be due to overtones. Figure-8 shows the FTIR spectrum of as prepared PANI- In2O3 

composite. The spectrum shows some peaks below 1000cm-1clearly shows presence of Indium oxide. Some 

additional peaks and shift in vibrational frequency were also observed on comparison with pure PANI and In2O3 

spectrum. This confirms the formation PANI- In2O3 composite. 
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3.7.  Dielectric Study 

Figure-9 represents the variation of ε' as a function of frequency for polianiline- In2O3 composites 

(Different wt%). In all the composites it is observed that, the dielectric const is high at low frequency and 

decreases with increase in frequency. The observed behavior may be due to the Debay’s relaxation mechanism 

taking place in materials.  It is also found that, the dielectric constant increases for 20wt%, &decreases 30wt % 

and there after increases 40wt% which is a characteristic of Debye relaxation mechanism. From the above 

studies, it is confirmed that at lower frequencies PANI composites behave as dielectric materials 

 

IV. Conclusion 
The chemical oxidation method was used for preparation of PANI and its composites. This method 

may be used for the preparation of PANI composites with various metal oxide materials. Structural changes of 

pure PANI and pure metal oxide is taken place due to the presence of oxide material in the PANI is observed by 

XRD pattern. Similarly, morphology and bonding changes is observed in composite material compared to pure 

PANI and pure metal oxide.  

 

V. Acknowledgement 
Authors are grateful to Chairman, Department of Materials Science, Gulbarga University, Gulbarga for 

providing some spectral data. Authors would like to acknowledge Dr. M V N Ambika Prasad, Professor, 

Department of Materials Science, Gulbarga University, Gulbarga, Karnataka, India for helping in spectral 

analysis. Thanks are du to Principal and President of Rural Engineering College, Bhalki, Bidar for constant 

support. 
 

References 
[1]. L. Guodong, Synthesis, Characterization of In2O3 Nanocrystals and Their Photoluminescence Property Int. J. Electrochem. Sci., 6, 

2011, 2162-2170  

[2]. M.D.Benoy, E.M. Mohammed,Suresh Babu M., and Binu P.J, B. Pradeep, Thickness dependence of the properties of indium tin 
oxide (ITO) FILMS prepared by activated reactive evaporation ; Brazilian J. of Phy,  39( 4), 2009, 629-632.  

[3]. J. Parrondo, R. Santhanam, F. Mijangos, B. Rambabu, Magnetic field effects in ferrocenealkane thiol self assembeled monolayer  

modified electrodes Int. J. Electrochem. Sci., 5,  2010,1310-1317.  
[4]. J. Arun kumar, P. Kalyani, R. Saravanan;, Studies on PEM fuel cell using various alcohols for low powerapplications, Int. J. 

Electrochem. Sci., 3, 2008, 961-968.  

[5]. P. Zhao, T.Huang, K.Huang,; J. Phys. Chem. C ., 111, 2007, 12890-12896.  

[6]. C. LI, D. Zhang, S. Han, X. Liu, T. Tang, B. Lei, Z. Liu, C. Zhou,  Synthesis, Electronic Properties, and Applications of Indium 

Oxide Nanowires, Ann. N.Y. Acad. Sci.1006,  2003, 104–121. 

[7]. R.W.G.Wyckoff,. Crystal Structures (Interscience, New York1968).  
[8]. X Duan, C.M. Leber.. General synthesis of compound semiconductor nanowires, Adv. Mater. 12, 2000, 298–302. 

[9]. X. Peng.. Synthesis and photoluminescence of single-crystalline In2O3 nanowires, J. Mater. Chem. 12, 2002, 1602–1605. 

[10]. Devindrappa, U. V. S Rao, M. V. N Ambika Prasad, Study of dc conductivity and Battery application of PEO/PANI Composites  J. 
Power sources., 155, 2006, 3689-3695. 

[11]. R. Sinha, Outline s of polymer technology, (New Delhi:Prentice Hall of India private Limited, 2002) 

[12]. A. Lagashetty, H. Vijayanand, S. Basavaraj, M.D.Bedree, A. Venkataraman.,  Preparation, characterization and thermal studies of 
-Fe2O3 and CuO dispersed polycarbonate nanocomposites.J. Therm. Anal. Calorim. 99, 2010, 577-581. 

[13]. L. H. Jiang ,C. Leu, K.H. MWei , Layered silicates/fluorinated poly-imide nanocomposites for advanced dielectric materials 

applications Adv. Mater.14, 2002, 963-969. 
[14]. N.N Mallikarjuna, A. Venkataraman  and T.M. Aminabhavi. A study on -Fe2O3 loaded Poly (methyl methacrylate) 

Nanocomposites.  J.Appl. Poly. Sci. 94, 2004, 2551-.2557 

[15]. M. V. Murgendraappa, M.V.N Ambika Prasad . Dielectric spectroscopy of Polypyrrole--Fe2O3 composites Mater. Res. Bull. 41, 
2006, 1364-1371.  

[16]. A. Lagashetty, A.M. Bhavikatti, B. Mahadevi  and S. Kulkarni, Synthesis and characterization of BaTiO3 by thermal decomposition 

of metal oxalate precursors, Int. J.Ele. Engg. Res.,  2(4), 2010, 581-588. 
[17]. N. Parvatikar, J. Shilpa, C. M. Kanamadi, B. K. Chougule, S V Bhoraskar and M. V.N. Ambika Prasad;, Humidity Sensing and 

Electrical Properties of Polyaniline/Co3O4 Composites J. Appl. Poly. Sci. 103,  2007, 653-559.  

[18]. N. Parvatikar , M. V. N. Ambika Prasad. Frequency dependent conductivity and dielectric permittivity of Polyaniline/CeO2 
Composites J.Appl. Poly.Sc., 100, 2006, 1403-1410. 

[19]. S. D. Patil, S. C. Raghvendra, M. Revansiddappa, N. Parvatikar and M. V. N. Ambika Prasad, Synthesis, Transport and Dielectric 

Properties of Polyanniline-Cobaltous Oxide – Composites  Bull. Mat. Sci .,  30, 2007, 89-98.  
[20]. B. Mahesh, S. Basavaraj,  S.D. Balaji, V. Shivakumar, A.  Lagashetty A.  Venkataraman., Polymer Composites.,  30,2009,1668-

1675. 
[21]. C.N.R. Rao . Chemical applications of infrared spectroscopy, (Newyark and London Academic Press, 1963). 

 

 



Chemical Oxidation Method For Synthesis Of Polyaniline–In2O3 Composites 

62 

20 30 40 50 60 70 80

0

500

1000

1500

2000

2500

IN
TE

NS
IT

Y

2 Theta

 INTENSITYs
5

 

 

 
Figure 1: XRD pattern of as Pure In2O3 sample 
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Figure 2: XRD pattern of pure PANI- In2O3 at 50% weight composition 

 

 
Figure 3: SEM image of In2O3 

 
Figure 4: SEM image of pure PANI 
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Figure 5: SEM image of PANI- In2O3 at 50% weight composition 

 

  
Figure 6: EDAX of PANI- In2O3 at 50% weight composition 
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Figure 7: FTIR spectrum of pure PANI 
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Figure 8: FTIR spectrum of PANI- In2O3 composite 
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Figure 9: a c conductivity of PANI- In2O3 composite 

 

 

 

 

 

 

 

 

 

 

 

 

 


