
  
 
 

 
 

508 Asha 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 4 

April 2017 

Frequency Dependent Conductivity and Dielectric Study of 

Polyaniline and Chromium Oxide Composites 
 

 

Asha 

Department of Basic and Applied Sciences, Bhagat Phool Singh Mahilla Vishwavidyalaya, 

Khanpur Kalan, Sonipat, Haryana 

 

 
Abstract: The conductivity and dielectric properties of polyaniline (PANI) and PANI/CrO3 composites are studied at a 

temperature 313K in the frequency range 25 Hz to 50 MHz. The frequency dependent conductivity σ׳ (ω) for PANI and 

PANI/CrO3 composites remains constant up to a certain frequency and after that it shows dispersive behaviour. The 

conductivity is found to obey Jonscher’s power law. Also the conductivity first increases with increase in chromium oxide 

content up to 10 weight percent and after that its value starts decreasing. Dielectric spectroscopy measurement also 

shows similar behaviour. Also the values of dielectric constants (ε’ and ε”) first increases up to 10 weight percent of 

chromium oxide and thereafter a decrease in their value is observed with further increase in concentration of chromium 

oxide.  
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1. INTRODUCTION  
Shirakawa et. al. in 1977 [1] first introduced conducting polymers. Polymers generally exists as insulators and 

their electrical conductivity lies below 10-12 S/cm but the electrical conductivity of conducting polymers and 

their composites lies in the semiconducting range i.e. between 10-2 to 10-5 S/cm [2]. Due to exceptional 

properties of Conducting polymers these are used in various applications like gas separation membranes, gas 

sensors, electro chromic displays, electronics, drug delivery, plastic batteries, corrosion protection, EMI 

shielding, super capacitor, nonlinear optics, enzyme immobilization and humidity sensors [1, 3-6]. Polyaniline 

(PANI) is considered as one of the best  materials that can be used in electronics due to its easy synthesis 

process and good environmental stability, low monomer cost, special electrical, thermal and other properties 

among all other conducting polymers [7, 8]. MacDiarmid reported first time that aniline is an acid aqueous 

solution in 1985 which can be oxidized chemically by using an oxidant ammonium peroxy disulphate (APS) 

to obtain green powder of PANI having good conductivity [9, 10].  

The study of electrical conductivity and dielectric properties of conducting polymers and its composites is not 

new, other research groups had already reported on these characteristics of a variety of conducting polymers 

and their composites [11- 14]. But study of frequency dependent conductivity of PANI and chromium oxide 

composites is not found in literature to the best of knowledge of authors.  

 In the present paper the authors are focusing on synthesis and frequency dependent conductivity and 

dielectric properties of PANI/cobalt chloride composites with varying weight% of cobalt chloride at 313 K. 

 

2.  EXPERIMENTAL DETAILS 

2.1 Synthesis of PANI 
PANI was synthesized by oxidizing 0.2 M aniline hydrochloride (Aldrich) with 0.25 M ammonium 

peroxidisulphate (Aldrich) in aqueous medium. Then both solutions were kept in refrigerator for cooling. 

After that these solution were mixed in a beaker with constant stirring maintaining the temperature between 0-

4 0C using an ice bath and left at rest to polymerize in refrigerator. Next day PANI precipitate was collected 

on a filter paper and then washed with HCl and acetone. Polyaniline (emeraldine) hydrochloride powder thus 

synthesized was dried in air and then in vacuum keeping the temperature at 450C. Polyaniline prepared under 

these conditions was referred as standard sample.  
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2.2 Synthesis of PANI/Cobalt chloride composites 

The samples of PANI and chromium oxide composites were prepared by adding 5, 10, 20 and 40 weight 

percentage of 0.1 M CrO3 solution to 0.2 M aniline hydrochloride (Aldrich) solution in distilled with vigorous 

stirring for 1 hour for proper mixing and by the procedure same as above, four different polyaniline and 

chromium oxide composites with different weight% of chromium oxide (5, 10, 20 and 40) were prepared and 

named as Cr5, Cr10, Cr20 and Cr40 respectively. 

 

3.  RESULTS AND DISCUSSION 

3.1 AC Conductivity  

The total frequency dependent conductivity σ׳ (ω) for PANI and PANI/CrO3 composites remains constant up 

to a certain frequency and then it shows dispersive behaviour i.e. σ׳ (ω) increases with increase in frequency, 

which  is a typical behaviour of disordered materials. Some other researchers also observed similar kind of 

behaviour [15- 17]. A typical variation of σ׳ (ω) with frequency at room temperature (313K) for PANI (inset) 

and PANI/CrO3 composites is shown in figure 1. 
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Figure 1: Total conductivity [σ’ (ω)] as a function of frequency at room temperature for PANI (inset) 

and PANI/CrO3 composites 

Perusal of the data presented in figure 1, shows that the conductivity in composites is always larger than pure 

PANI. It is observed that the conductivity first increases with increase in CrO3 content up to 10 weight percent 

of CrO3 and thereafter its value starts decreasing. Due to multiple doping effects of Cr6+, there is an initial 

increase in conductivity value with an increase in concentration of CrO3 up to 10 weight percent [17, 18]. But 

with further increase in content of CrO3, it may lead to structural distortion as a result of unbalanced charge 

distribution on the chains resulting in a decrease in σ’(ω) value [19, 20]. The total conductivity [σ’(ω)] of 

semiconductors may be expressed by Jonscher’s power law expressed by equation 1 given as 

                                                       𝜎 ′(𝜔) = 𝜎𝑑𝑐[1 + (
𝜔

𝜔𝐻
)𝑠]            ---------------(1)                                       

where 𝜎𝑑𝑐 is the frequency independent dc conductivity, 𝜔𝐻 is the crossover frequency separating the dc 

plateau region from the dispersive conduction and s is frequency exponent. The values of conductivity in the 

frequency independent region represent the values of dc conductivity.  
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Figure 2: Variation of ε’ as a function of frequency for PANI and PANI/CrO3 composites at room 

temperature 

The real and imaginary parts of complex dielectric constant have been determined. A typical variation of real 

part of dielectric constant (ε’) for PANI and PANI/CrO3 composites at room temperature is shown in figure 2. 

Perusal of the data presented in figure 2 shows that in PANI and PANI/CrO3 composites, as frequency 

increases, the real part of dielectric constant decreases up to the frequency of 104 Hz and after that it remains 

constant for further increase in frequency which is similar to the behaviour of disordered material [21]. This 

may be due to the reason that ions are tightly pinned to the polymer chain and are unable to oppose the effect 

of the field with increasing frequency [21].  

 The value of ε’ at 100 Hz is 7.023 × 105 for PANI and varying from 1.1 × 106 to 2.88 × 106 for 

PANI/CrO3 composites. Such large values of real permittivity are not unusual but some other researchers have 

also reported ε’ values in this region [22]. 
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Figure 3: Variation of ε” for PANI and PANI/CrO3 composites as a function of frequency at room 

temperature 
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The imaginary part of dielectric constant (ε”) decreases almost linearly in pure PANI and all its composites at 

low frequencies and at higher frequency (> 104 Hz) ε” shows a constant low value plateau. A typical variation 

of ε” with frequency at room temperature (313K) for PANI/CrO3 composites is presented in figure 3. Also it 

is observed that the dielectric constant (both real and imaginary parts) like ac conductivity changes in case of 

composites. The value of dielectric constant first increases up to 10 weight percent of CrO3 and thereafter it 

starts decreasing with further increase in concentration of CrO3. The observed change in ac conductivity is 

responsible for such kind of behaviour.  

Also, the value of ε” at 100 Hz is 5.55×106 for PANI and varying from 1.12×107 to 3.98×107 for PANI/CrO3 

composites. Such large values of imaginary permittivity had also been reported by some other researchers 

[22].  

 

Conclusion: PANI and its composites with chromium oxide were synthesized using in situ synthesis. The 

frequency dependent conductivity and dielectric properties of polyaniline (PANI) and PANI/CrO3 composites 

were studied at a temperature 313K in the frequency range 25 Hz to 50 MHz. The frequency dependent 

conductivity σ׳ (ω) for PANI and PANI/CrO3 composites remained constant up to a certain frequency and 

after that it showed dispersive behaviour. The conductivity was found to obey Jonscher’s power law. Also the 

frequency dependent conductivity for PANI/CrO3 composites first increased with increasing chromium oxide 

content up to 10 weight percent and after that its value started decreasing. Dielectric spectroscopy 

measurement also showed similar behaviour. Also the values of dielectric constants (ε’ and ε”) first increased 

up to 10 weight percent of chromium oxide and thereafter a decrease in their value was observed with further 

increase in concentration of chromium oxide. Further, the values of dielectric constants were found very large. 

Due to these characteristics of these composites they are suitable for using in frequency converter, modulators 

and dielectric amplifiers. 
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