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Electrochemical Synthesis of Polyaniline 
Composite Films in Acetonitrile/ Water Medium 

YUN HEUM PARK"3b. YOUND IL KIM', DO0 HYUN BAIK" 
and CHONG RAE PARKb 

'School of '  Applied Chemistr,): arid Clicrnical Engineering Sungkyunkwui 
University, Suwon 440-746, Korea. hHjpprrslructured Organic Research Center, 
Seoul Nutionul University, Seoul 151-742, Korea and CDcpurlrnewt of Textile 

Engineering, Chungnam Natioriul Universit~,  Daejeon 305-764, Korea 

The electroconductive polyacrylonitrile(PAN)/polyaniline composite 
can be synthesized by the electrochemical polymerization of aniline on 
the PAN-coated Pt electrode in acetonitrilelwater medium. The 
electrochemical properties of PAIWpolyaniline composites were 
investigated comparing with polyaniline. 

Keywords: electroconductive composite; polyaniline; 
electrochemical synthesis 
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Polyaniline(PAN1) has poor mechanical properties. Thus, the efforts tu 

improve the mechanical properties and broaden the application ranges 

have been directed to develop composite systems by blending a common 

polymer with PANI either by solution"' or melt process[21. Rut these 

conventional methods for the preparation of PANI composite are largely 

limited because PANI degrades before melting and only its limited 

solubility in organic solvents like N-methylpyrrolidoneP1 and DMSOC4' 

has been reported. Thus, the authors have focused on the 

electrochemical polymerization method for the preparation of 

polyacrylonitrile(PAN)/PANI composite. For the electrochemical 

preparation of PANPANI composite, aniline, medium, and electrolyte 

ion should be able to penetrate into PAN, but PAN is very hydrophobic 

and has very compact structure. Thus, the compact structure of PAN can 

not be loosened in an electrolytic aqueous medium. In this study the 

authors investigated the appropriate medium for the preparation of 

PANPAN1 composite based on the analysis of thc electrochemical 

properties. 

EXPERIMENTAL 

PAN containing 9.0 % of methylacrylate as a comonomer was obtained 

from Hanil 9ynthetic Fiber Co.. GR grade aniline(A1drich) was purified 
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by distillation and stored under nitrogen before use. ACS grade 

acetonitrile(Mal1inckrodt) was stirred over CaH2 for 24 hrs at 83 "c and 

then fractionally distilled under nitrogen atmosphere. 

The electrochemical polymerization of aniline onto PAN was 

performed by EG & G PAR Model 173 Potentiostat connected to an EG 

& G PAR Model 179 coulometer. Electrochemical polymerization was 

carried out in a simple cell chamber of 200 nd capacity using a three- 

electrode system, i.e., a disk-type Pt working electrode(diameter, 1 cm) 

coated with 2.0 pn-thick PAN film, a plate-type Pt counter electrode(1 

c m x l  cm), and an aqueous sodium chloride saturated calomel 

electrode(SSCE) as a reference electrode. The electrolyte solution 

consists of 0.1 M aniline and 1.0 M sulfuric acid in acetonitile/water 

mixture. The potential range for electrochemical polymerization and the 

scanning rate are -0.2 -1.0 V(vs. SSCE) and 50 mV/sec, respectively. 

The details of the experimental technique are reported in an earlier 

paperL5I. 

RESULTS AND DISCUSSION 

For the preparation of PANPANI composite film, acetonitrile/water 

mixture solution was chosen as a medium. The authors have expected 

the loosening of the compact PAN structure by acetonitrile. Figure 1 
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shows the first oxidation peak current(l,,) of the 20th cyclic 

voltammogram according to the content of water on synthesizing pure 

PANl and PAN/PANI composite in acetonitrile/water medium. 

In the case of pure PANI, I,, increases with the content of water in 

acetonitrile/water medium as we expected. However. in the case o f  

PAN/PANI composite, I,, increases with the content of water, reaches a 

maximum at 50 % of water, and then decreases. We speculate that this 

results from the relative competition between the dissociation capacity 

of electrolyte by water and the swelling capacity of PAN by acetonitrile. 

W a i e r  c o n t e n t  /n m e d i u m  ( 1 1 )  

FIGUKE 1 .  Dependence of l,, of pure PANl (-*-) and PAN 
PAN1 composite (-0-) on the content of water in 
acetonitrile/water medium. 

Figure 2 shows the peak potential separation, AE,(= I E,, ~ E,, 1 ) o f  

the 20th cyclic voltammogram according to the content of water on 

synthesizing pure PANI and PANPANI compositc in acetonitri Wwater 
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medium, where Epa and E& are the first anodic and cathodic peak 

potential for the oxidation and the reduction reaction, respectively. As 

the content of water in the medium increases, AE, decreases in both 

cases. This result may be explained as follows: As the content of water 

in the medium increases the conductivity of the electrolyte solution 

increases by the more dissociation of electrolyte and thus the oxidation 

potential and the reduction potential in the positive direction and the 

negative direction, respectively, decrease. 
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FIGURE 2. Dependence of AEp of pure PAN1 (-@-) and PAN 
PAN1 composite (-O-) on the content of water in 
acetonitrile/water medium. 
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