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Structural and electrical properties of pure Polyaniline (PANI), that doped with dodecyl 

benzene sulfonic acid (DBSA) and nanocomposite films Synthesized by insitu chemical 

polymerization method in the presence of TiO2 nanoparticles. All the prepared samples 

have been investigated by x-ray diffraction (XRD), fuorier transformation infra-red 

(FTIR), and electrical conductivity studies. The results noticeably establish that the 

composites films have good crystallinity increase with increasing the TiO2 content in the 

polymer matrix. Also, there are physiochemical interactions between PANI and TiO2 

nanoparticles that revealed by FTIR tests.  
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1. Introduction  
 

Polyaniline is among the most popular conjugated polymers on the market today [1]. 

Because of its great electric conductivity, small price, and easy of polymerization, polyaniline 

(PANI) is a popular conducting polymer in electronic and optoelectronic applications including 

sensor, organic solar cell, transistor, and Schottky diode [2]. The conductivity of a PANI 

Emeraldine Salt (ES) could be easily measured as a result of its sensitivity to various gases. That is 

why it was appropriate   used in gas sensing applications [3]. Researchers have been focusing on 

heterogeneous-conducting polymer nanocomposites in recent years, particularly for 

organic/inorganic nanocomposite [4]. As a result, nanoscale additives are the most sought-after 

because of their intriguing properties. It is possible to enhance the electric and dielectric properties 

of host polyaniline materials by inserting nanoscale fillers [5].  Nano-titanium oxide (TiO2) is an 

important semiconductor material, so it has a wide range of important applications owing to it is 

strong oxidizing power of the photo generated hole, chemical limpness, non-toxicity, low price, 

great index of refraction around 2.7 and extra beneficial surface properties [6]. May also can be  

used in many applications like photocatalytic [7], gas sensors [8], photoanodes for solar cells[9] ‏, 

dental fillers [10] and antibacterial [11]. Many Approaches may use for the production of PANI 

filled with TiO2 nanocomposite materials, Template production [12], direct mixing [13] and Insitu 

polymerization which consider a very active way of production of polymeric nanocomposite 

which happens “in the polymerization mixture”. It includes the mixing of nanomaterials in a 

solutions blend holding a neat monomers, shadowed by polymerization. In this technique, the 

covalent link between the nanomaterials and polymer matrices happens [14]. 

In this paper, a PAni/TiO2 hybrid was prepared via chemical in situ which PAni was 

polymerized by a simple chemical oxidative route, and described by using X-ray powder diffractio 

(XRD) technique , (FTIR) spectroscopy and FESEM The electrical characterization of the 

PAni/TiO2 hybrid material was also discussed. 
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2. Experimental 
 

2.1. Chemicals syntheses of DBSA-Doped PAni 

To prepare the doped polymer and the overlapping materials, the chemical polymerization 

method was used in the presence of an oxidizing agent in an acidic medium. The monomer used in 

the polymerization process is distilled aniline 1.5 ml of deionized water had been added into 1.14 

gm of ammonium persulphate (APS), while 25 ml of haptan was added into 6.525gm of dodecyl 

benzene sulfonic acid (DBSA). 30 minutes at room temperature were spent stirring the solutions 

APS and DBSA until they were homogeneous in consistency and pointed to this solution by (A). 

Another solution was formed by dissolving 0.93gm of aniline in 5 ml of haptan and 0.5 ml of 

ethanol to generate another solution (B). The solutions A and B were mixed together for 24 hours 

at room temperature while being agitated. It was necessary to clean the precipitate by washing it in 

deionized water and methanol before drying it for 24 hours in a vacuum oven. Undoped PAni ( 

EB-PAni) can harvest by washed some of PAni-DBSA by using ammonium solution. The 

nanocomposite synthesis had been done by same process above by addition TiO2 to the aniline 

monomer (5% and 10% weight ratio from monomer) .   

 
 
3. Results and discussions  
 

FTIR spectra of all synthesized samples were obtained in Fig. 1. The results of PANI-EB 

are in agreements with the spectra described by [15-17]. The spectrum of PANI-EB (spectrum a in 

Figure 1a) shows the phenyl C-H stretched at 3170 cm-1. Stretch band of quinoid and benzenoid 

ring of the PANI polymer are detected at 1556 cm-1 and 1428 cm-1, respectively. The stretching 

mode of the imine group (C=N) has been appeared at 1300 cm-1. The peaks around 1173and 844 

are  belong to  C-H in-plane bending aromatic and C-H out-of-plan bending of 1, 4-ring 

respectively. The spectra of PANI-DBSA and PANI-Tio2 (spectra  in Figure 1b,c,d) have the same 

peaks that appeared in PANI-EB with small shifting in wavenumbers specifying the chemical 

interactions between polymer and TiO2. 
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(d) 

 

Fig. 1 Spectra of  FTIR  for (a) PANI-EB (b)PANI-DBSA (c) 5% TiO2 (d) 10% TiO2. 
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The recorded XRD peaks of PANI-EB, PANI-DBSA and PANI/TiO2 nanocomposites are 
given in Fig. 2. The PANI positions of peaks in all the four established samples be present fit 
matching with the JCPDS card NO. 53-1891 [18,19]. Wide diffraction peak at 25° has been 
allocated to the spreading from the periodecity at right angles to chains of polymer PANI and the 
peaks before 25° can be credited as periodically equivalent to chains of PANI [20]. The presence 
of TiO2 nanoparticles was confirmed by the XRD patterns of the composites (5 wt percent and 10 
wt percent), which were both prepared using the same method. It was found that the distinctive 
peaks at 20, 25.3, and 28 were quite similar to those found in synthetic anatase and rutile TiO2. 
[21,22]. 

 

 
 

Fig. 2. The recorded XRD peaks of PANI-EB, PANI-DBSA and PANI/TiO2. 

 

 

Figure 3 show the I-V plot of PANI-EB, PANI-DBSA and PANI/TiO2. The room 

temperature electric conductivity of PANI, PANI-DBSA and PANI/TiO2 composite were 

calculated. The conductivity of PANI-DBSA was increased after doping with DBSA and 

decreased proportionally with the presence of TiO2. The drop in conductivity of composite films is 

due to TiO2 conductivity being lower than PANI-DBSA.  

 

 
 

Fig. 3. I-V plot of PANI-EB, PANI-DBSA and PANI/TiO2. 
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4. Conclusions  
 

A hybrid composite material was prepared from a conductive polymer which is 

polyaniline doped by proton acid DBSA by chemical polymerization method. The 

physicochemical interaction between the polymer chains and titanium oxide nanoparticles proved 

by means of FTIR, the presence of which led to the improvement of crystallization of the 

polyaniline and that what the XRD results is revealed.  

The electrical properties were also studied by a characteristic current voltage. The 

conductivity of PANI-DBSA was increased after doping with DBSA and decreased proportionally 

with the presence of TiO2. The drop in conductivity of composite films is due to TiO2 

conductivity being lower than PANI-DBSA.  
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