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ABSTRACT 

Polyaniline nanocomposite using metal oxides have wide variety of applicability because of its 

enhanced properties to that of pure polyaniline. Here we employed titanium dioxide as the metal 

oxide to synthesize polyaniline composite (PANi-TiO2 ) through chemical oxidative polymerization 

in-situ. The obtained PANi-TiO2  is tested for powder X-Ray diffractometry (XRD), & Scanning 

electron microscopy(SEM). 

Keywords:-XRD,SEM,Conductivity,Sensitivity,AC 

 

I. Introduction:-  

The discovery of conducting polymer has opened up a new promising field in materials Science and 

engineering. Among them, conducting polyaniline(PANI) is one of the most promising conducting 

polymer because of its unique electrical, optical and optoelectrical properties, as well as its ease of 

preparation and excellent environmental stability. Polyaniline Can be used in electrochromic device, 

light-emitting diodes, electrostatic discharge protection, secondary batteries etc(1-4). 

Among those inorganic nanoparticles, Titanium dioxide nanoparticles are appealing because of their 

excellent physical and chemical properties, as well as extensive applications in diverse areas such as 

coatings, solar cells and photocatalysts(5-8). 

 

II. Experimental:- 

Aniline monomer, ammonium per sulphate, hydrochloric acid and titanium dioxide were purchased 

from  s.d. fine chemicals ltd i.e., SDFCL  MUMBAI). Aniline monomer was distilled under reduced  

pressure and kept below 0-5 0C  prior to use.All the reagents were analytical grade only and were 

used as received. 

2.1.Synthesis of Polyaniline (PANI):- 

Synthesis 0f PANI was carried out by in-situ chemical oxidation polymerization Technique. 

Aniline(0.1M) was mixed in 1M hydrochloric acid and stirred for 15 min to form aniline 

hydrochloride. To this solution, add 0.1M of ammonium persulphate, which acts as an oxidizer was 

slowly added drop-wise with continuous stirring at 50C for 4 hrs to completely polymerize. The 

precipitate was filtered, washed with deionized water, acetone and finally dried in an oven for 24hrs 

to achieve a constant mass. In this way, polyaniline(PANI) is synthesized. 

2.2.Synthesis of PANI/TiO2 composites:- 

Synthesis of Pani/TiO2 composites was carried out by In-situ chemical oxidation polymerization 

method. Aniline (0.1M) was mixed in 1M hydrochloric acid and stirred for 15 min to form Aniline 

hydrochloride. TiO2 powder is added in the mass fraction to the above Solution with vigorous stirring 

in order to keep the TiO2 homogeneously suspended in the Solution. To this solution, add 0.1M of 

ammonium persulphate, which acts as an oxidizer was slowly added drop-wise with continuous 

stirring at 50C for 4 hrs to completely polymerize. The precipitate was filtered, washed with deionized 

water, acetone and finally dried in an oven for 24hrs to achieve a constant mass. In this way, 
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polyaniline/titanium-di-oxide composites with various weight percentages of TiO2 (10%, 20%, 30%, 

40% and 50%) were synthesized.  

 

III. Results and Discussions :-  

3.1.XRD analysis :- 

XRD patterns of the samples are as shown in fig-(1a), (1b), which are recorded in 2θ ranging from 0-

80. Pure Titanium dioxide(TiO2)  composite shows a broad peak at 2θ=270 which has a sharp and well 

defined peak, which indicates good crystallinity of the synthesized materials. The observed 2theta 

values are consistent with the standard JCPDS no-1I/TiO2-250. When we compare Fig-1a&1b, it 

clearly shows that the intensity of diffraction peaks for PANI/Titanium dioxide composite and is 

found to be lower than that of pure titanium dioxide. 

 

 
Fig-(1a)- XRD of Pure TiO2. 

 
Fig-(1b)-XRD of PANI/TiO2 composite 

 

3.2.SEM analysis :- 

 Scanning election microscopy of conducting PANI synthesized by insitu chemical oxidative method 

is shown in fig-(3.2)The sem image  (3a)of pure Tio2 is highly mesoporous, agglomerated granular 
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in shape and the particles are well interconnected to each other .Fig (3.2b) shows that most of the 

particles are agglomerated irregular in shape & they are well interconnected to each other.   

                             
 

Fig3a- SEM image of Pure TiO2                       Fig3b- SEM image of PANI/TiO2 composite 

 

4    DC Conductivity 

 
  

Fig.4 shows the dc conductivity of pani/iron oxide nanocomposites.. 

 

Fig 4 shows the DC conductivity as a function of temperature it is observed that the DC conductivity 

behavior of Polyaniline and Pani/iron oxide of different weight percentage are as shown in fig 4.the 

plot shows dcconductivity as a function of temperature for Polyanilne/iron oxide nanocomposites in 

the temperature range from 30 to 180 0c. The DC conductivity remains almost constant up to 800c 

and thereafter it increases up to1800c, which is the charectestic behavior of semiconducting materials 

5 Sensor Studies  

 
Fig.5. Variation of sensitivity against LPG 

fig (5) shows sensitivity vs time for Polyaniline /Iron oxide nanocomposites it is seen that the 

Pani/iron oxide nanocomposites shows better sensitivity to gas vapor compared to pure  polyaniline 

the 20wt% nanocomposites shows height sensitivity compared to other nanocomposites this is due to 
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the strong interaction between the Polyanline and iron oxide nanoparticles. In the case of pure 

Polyaniline and 10wt% of nanocomposites sensitivity is very low because of lower surface area. 

 

Conclusion 

Polyaniline —TiO 2 composites were synthesized by in-situ polymerization method. The prepared 

composites were characterized by XRD &  SEM and their results were confirmed  by the formation 

of composite and indicate an interaction between Pani and titanium dioxide particles and also 

discussed the onductivity and sensing properties of Nanocomposites  

 

References 

1. Gospodinova, N.; Terlemezyan, L. Prog Polym Sci 1998, 23,1443. 

2. MacDiarmid, A. G. Angew Chem Int Ed 2001, 40, 2581. 

3. Huang, J. X.; Virji, S.; Weiller, B. H.; Kaner, R. B. J Am ChemSoc 2003, 125, 314. 

4. Virji, S.; Huang, J. X.; Kaner, R. B.; Weiller, B. H. Nano Lett2004, 4, 491. 

5. Gangopadhyay R.; De A. Chem Mater 2000, 12, 608. 

6. Kim, B. H.; Jung, J. H.; Hong, S. H.; Kim, J. W.; Choi, H. J.; Joo, J.Curr Appl Phys 2001, 1, 112. 

7. Liu, H.; Wang, J. Y.; Hu, X. B.; Robert, I. B.; Zhao, S. R.; Li, Q.;Jiang, M. H. Chem Phys Lett 

2002, 352, 185. 

8. Deng, J. G.; Ding, X. B.; Zhang, W. C.; Peng, Y. X.; Wang, J. H.;Long, X. P.; Li, P; Chan, A. S. 

C. Polymer 2002, 43, 2179. 

9. Park, N. G.; Ryu, K. S.; Park, Y. J.; Kang, M. G.; Kim, D. K.;Kang, S. G.; Kim, K. M.; Chang, S. 

H. J Power Sources 2002, 103,273. 

10. Schnitzler, D. C.; Meruvia, M. S.; Hu¨mmelgen, I. A.; Zarbin,A. J. G. Chem Mater 2003, 15, 

4658. 

11. Yu, Y. J.; Che, B.; Si, Z. H.; Li, L.; Chen, W.; Xue, G. Synth Met 2005, 150, 271. 

12. Zhang, L. J.; Wan, M. X.; Wei, Y. Synth Met 2005, 151, 1. 

13. Lee, C. F.; Tsai, H. H.; Wang, L. Y.; Chen, C. F.; Chiu, W. Y. J Polym Sci Part A: Polym Chem 

2005, 43, 342. 

14. O’Regan, B.; Gratzel, M. Nature 1991, 353, 737. 

15. Norimoto, M. K.; Watanabe, T.; Hashimoto, K.; Fujishima, A.J Mater Sci 1999, 34, 2569. 

16. Liu, X. H.; Liang, C. X.; Wang, H. Z.; Yang, X. J.; Lu, L. D.;Wang, X. Mat Sci Eng A 2002, 326, 

235. 

17. Chowdhury, D.; Palu, A.; Chattopadhyay, A. Langmuir 2005,21, 4123. 

18. Bharathi M; Senthil Kumaran S; Edwin Samson P. "Influence of Nano Silica Particles on 

Quasistatic Mechanical and Low Velocity Impact Properties of Carbon-Glass-Sunn Hemp/Epoxy in 

Intra-Inter Ply Hybrid Composites". International Research Journal on Advanced Science Hub, 4, 05, 

2022, 120-133. doi: 10.47392/irjash.2022.032 

19. SOUMYA S S. "Optical Parameters of Nano metric SnO2 Thin Films Deposited via Sol-Gel 

Spin Coating Technique". International Researc 

20. Jagannath Suresh. "A Review on Recent Developments in Micro-channels for Cooling 

Applications". International Research Journal on Advanced Science Hub, 2, 11, 2020, 23-25. doi: 

10.47392/irjash.2020.215h Journal on Advanced Science Hub, 3, Special Issue 6S, 2021, 11-16. doi: 

10.47392/irjash.2021.158 

21. Rupali Ajesh Gulalkari. "Synthesis and Characterization of Lohabhasmaby Infrared 

Spectroscopy". International Research Journal on Advanced Science Hub, 3, Special Issue ICOST 

2S, 2021, 31-34. doi: 10.47392/irjash.2021.036 

22. Chandru Deva Kannan P.; Nadaraj P.. "Improving the Efficiency of Solar Flat Plate Collector 

Using Phase Change Material and Nanofluids". International Research Journal on Advanced Science 

Hub, 2, Special Issue ICSTM 12S, 2020, 121-129. 


