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ABSTRACT: A chemical oxidation method is used to synthesize pyrrole with ferric chloride as oxidant to prepare polypyrrole. 

Multiple chemical oxidations were carried out using various molar ratios. A stock solution of PolyVinyl Alcohol was produced to 

form composites of polymers. The PPy-PVA composites were achieved with the help of solution casting method to obtained free 

standing films. These composites films were characterized using SEM, FTIR and XRD techniques. The result of SEM, FTIR, and 

XRD reveals that the surface morphology varies as per the molar ratio. Along with the surface morphology molar ratio the 

conductivity of composite films was studied in the temperature range 303 K-343 K using two probe conductivity method. It has 

been observed that molar ratio also plays an important role in the conductivity of composite films. 
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INTRODUCTION 

Many inventions were done in the field of polymers using different polymers such as polyaniline, polythyophine, polypyrrole etc. 

from past few decades [1, 2]. The interesting part of these inventions was how to prepare good conducting polymers with high 

flexibility and reliability over the metals. Among the mentioned polymers polypyrrole attract more attention because of its 

preparation technique, high stability, high conductivity and normal mechanical properties. It also has many commercial applications 

[3- 12]. To improve the properties of polypyrrole, PPy composites with available polymers play a major role. The blends of polymers 

improve mechanical and electrical properties according to their mixture. Many such insulating polymers are available but polyvinyl 

alcohol [13] is one of the best insulating polymers due to its water solubility and availability. 

In this article we studied the free standing PPy and PVA composite films which are flexible in nature and prepared with the chemical 

oxidation of polymerization of pyrrole and solution casting technique. The 4% PVA is mixed with the pyrrole of different volume 

to weight proportion and molar ratio. These black color films were prepared with different molar ratio to understand effect of molar 

ratio on the mechanical properties of the composite films [14]. 

 

MATERIALS AND EXPERIMENTAL METHOD 

Pyrrole was obtained from Spectrochem Pvt. Ltd, further it was double distilled at 1310C and kept in fridge before synthesis. 

Polyvinyl alcohol (PVA) was obtained from S. D. Fine Chem. Ltd., Mumbai. The powder contained a degree of hydrolysis of 86-

89 % and M.W. was 85000–124000. 

Using chemical oxidation polymerization technique of pyrrole (PPy) Polypyrrole-polyvinylalcohol (PPy-PVA) composites was 

formed. In general, a PVA powder was dissolved in distilled water by taking 4% w/v ratio and prepared a PVA stock solution. In 

this stock solution, double distilled pyrrole was added with different v/w ratio of polyvinyl alcohol. Here ferric chloride was used 

in different proportion as oxidizing agent in the polymerization of pyrrole. The reaction of polymerization of pyrrole takes place on 

the PVA-transition-metal salt film. This reaction was proposed by Benseddik et al [15-16] as follows, 

nC4H5N(PVA)n + 2.25n FeCl3        [ C4 H3N 0.25+Cl0.25_ ]n +  2n HCl  + 2.25nFeCl2 (H2O)  

 

RESULT AND DISCUSSION 

SEM Results:- 

The SEM micrographs for PPy PVA composite films of different molar ratio are shown in the following fig.1 (a) to (g). These 

micrographs give an understanding of variations in the morphology of composite films according to their molar ratio. 
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From the observations of SEM figures it is clear that pure PVA film has uniform surface with small globule or flake like structure 

as doping is added to pure PVA in different proportion then the surface uniformity vanishes gradually as seen in the figure. As molar 

ratio of doping increases surfaces were seen with some irregular polymer crystal shapes and rod like nanocrystal structure with 

diverse length and width. The mean length of these nanocrystals is ranging from 110 nm to 340 nm and average width is ranging 

from 10 nm to 35 nm for molar ratio 0.4 to 0.6. The flaky like structure were observed with little irregularity for 0.8 MR. Globules 

with flaky structure are observed as molar ratio increases from 0.8 to 1. For larger molar ratio crystal structure and size were observed 

as irregular in nature. The maximum crystal size is about 15 μm and minimum crystal size is about 0.7 μm. 

 
(a)                                                                          (b) 

 
                                                               (c)                                                                        (d) 

 
                                                                (e)                                                                            (f) 
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(g) 

Fig. 1 SEM of PPy-PVA with different Molar Ratio 

(a) Control PVA (b) 0.1 MR (c) 0.2 MR (d) 0.4 MR (e) 0.6 MR (f) 0.8 MR (g) 1.0 MR 

 

FTIR Results:- 

The FTIR spectrum of pure PVA film and composite films of PPy and PVA were shown in the figure 2. It is observed that as molar 

ratio increases the shift in the wave number were observed. This change in wave number indicates different level of crystalline 

nature of PVA is present in PPy PVA composite films and Fe-O stretching bands. It confirms the chemical interaction between PPy 

and PVA in composite films of different molar ratio. 

                                    
 

 

 

Fig. 2 FTIR spectra of PPy-PVA composite films of different Molar Ratio 
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XRD Results:-  

To verify the structural growth along with the surface morphology of the PPy-PVA composite one of the reliable technique is X-

ray Diffraction spectra. The XRD pattern in fig. 3 reveals that the pure PPy has amorphous nature whereas pure PVA has semi 

crystalline nature but the composite of PPy-PVA films shows amorphous nature depending on the molar ratio. As the concentration 

of monomer to oxidant ratio gradually goes on increasing the crystalline structure slowly changes to less crystalline structure which 

confirms the infusion of the PPy in the PVA matrix. Few more peaks are observed in the XRD pattern to shows the new crystalline 

structure formed in the composite films. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 XRD pattern for (a) control PVA film, (b) PPy, (c) PPy-PVA composite films 

 

Conductivity Results:-  

The figure 4(a) shows the conductivity for different molar ratio of PPy-PVA composite films at various temperatures. It is clear 

from the following figure that conductivity increases as molar ratio increases, the formation of polarons and bipolarons during the 

formation of composites due to dopant molecule. 
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Fig. 4 (a) Plot of conductivity as function of MR 

The figure 4(b) shows conductivity as a function of temperature ranging from 303K-343K. From the following fig 4(b) it is clear 

that conductivity increases as temperature increases, this increase is different for different molar ratio. It is same as the behavior of 

semiconductor, doping in semiconductor increases the conductivity by adding additional energy bands in the energy gap. 

 
 Fig. 4 (b) Plot of conductivity against temperature  
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CONCLUSION 

Polypyrrole (PPy) was successfully synthesized by chemical oxidation of pyrrole using Ferric Chloride (FeCl3) as dopant/oxidant 

also 4% PVA stock solution was prepared and the formation of composite films by solution casting technique. The black colored 

films were obtained after drying the solution on petri dish. The SEM, FTIR and XRD results show the mechanical and morphological 

property varies as per the different molar ratio. The conductivity of PPy-PVA composite increases as oxidant to monomer ratio 

increases at increasing temperature confirms the semiconducting behavior. 
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