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ABSTRACT: 

This research paper investigates the direct current (DC) and alternating current (AC) conductivity of novel 

conducting polymers. Conducting polymers have emerged as a promising class of materials with unique 

electronic properties and potential applications in various fields, including electronics, optoelectronics, 

sensors, and energy storage. This study focuses on the characterization of the electrical conductivity of novel 

conducting polymers under both DC and AC conditions, with a specific emphasis on understanding the 

underlying mechanisms governing their conductivity behavior. The results of this investigation provide 

valuable insights into the potential applications of these polymers in various electronic devices. 

KEYWORDS: Conducting Polymers, Electrical Conductivity, Direct Current (DC) Conductivity, Alternating 
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INTRODUCTION: 

 

Conducting polymers have emerged as a fascinating class of materials with unique electronic properties, garnering 

significant attention in the scientific community and industry alike. Unlike traditional metals and inorganic 

semiconductors, conducting polymers possess the intriguing ability to conduct electricity while maintaining 

mechanical flexibility and process ability. These advantageous attributes have paved the way for extensive research 

and development of these materials for a wide range of applications in electronics, optoelectronics, sensors, and 

energy storage devices. 

 

Understanding the electrical conductivity of conducting polymers is crucial for harnessing their full potential in 
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various electronic devices. The electrical behavior of these materials under both direct current (DC) and alternating 

current (AC) conditions plays a pivotal role in determining their performance and applicability. DC conductivity 

measurements provide insights into the overall charge transport characteristics, while AC conductivity 

measurements can shed light on the underlying charge carrier dynamics and frequency-dependent behavior. 

 

The objective of this research is to investigate the DC and AC conductivity of novel conducting polymers and delve 

into the factors that influence their electrical behavior. By systematically characterizing the electrical properties of 

these polymers, we can gain valuable insights into their charge transport mechanisms, doping effects, and potential 

for use in advanced electronic applications. 

 

In this study, we synthesized and purified novel conducting polymers with carefully designed molecular structures. 

We subjected these materials to extensive DC and AC conductivity measurements, aiming to unveil the intricacies 

of their charge transport mechanisms and the interplay of various charge carriers, such as electrons and ions. 

Furthermore, we explored the impact of doping levels and processing conditions on the electrical conductivity of 

these polymers. 

 

This research has the potential to provide a deeper understanding of the electrical behavior of novel conducting 

polymers and to identify avenues for optimizing their performance in electronic devices. By elucidating the factors 

governing their DC and AC conductivity, we hope to contribute to the advancement of conducting polymer-based 

technologies and pave the way for exciting applications in modern electronics and beyond. 

 

LITERATURE REVIEW: 

 

Conducting polymers have been a subject of extensive research for several decades, and the literature on these 

materials encompasses a wide range of topics, including synthesis methods, properties, and potential applications. 

In this section, we will review key findings from relevant studies on conducting polymers, with a particular focus 

on their electrical conductivity behavior under DC and AC conditions. 

 

Synthesis and Properties of Conducting Polymers: 

 

Conducting polymers are a class of macromolecules that exhibit high electrical conductivity when doped or 

oxidized. The most commonly studied conducting polymers include polyaniline (PANI), polypyrrole (PPy), 

polythiophene (PT), and poly(3,4-ethylenedioxythiophene) (PEDOT). The synthesis of conducting polymers 

typically involves chemical oxidative polymerization or electrochemical methods, resulting in various molecular 
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structures and morphologies. 

 

Studies have shown that the electrical properties of conducting polymers can be significantly influenced by their 

chemical structures and molecular arrangements. For instance, the presence of conjugated π-electron systems along 

the polymer backbone plays a crucial role in facilitating charge delocalization and promoting electrical 

conductivity. Moreover, the degree of polymerization and the presence of side groups can affect the overall charge 

carrier mobility and thus influence the electrical conductivity. 

 

DC Conductivity Mechanisms: 

 

The DC conductivity of conducting polymers has been a subject of intense investigation. The charge transport 

mechanisms in these materials can be broadly classified into two main models: the "band" or "delocalized" model 

and the "hopping" or "localized" model. The band model suggests that charge carriers move through extended 

energy bands, similar to conventional metals. In contrast, the hopping model proposes that charge carriers hop 

between localized states due to the disordered nature of the polymer structure. 

 

Experimental studies have provided evidence supporting both models, indicating that the charge transport 

mechanisms in conducting polymers may be complex and dependent on various factors such as temperature, doping 

level, and structural disorder. While highly doped conducting polymers tend to exhibit metallic behavior with high 

DC conductivity, lightly doped or undoped polymers often display insulating behavior with low conductivity. 

 

AC Conductivity and Frequency-Dependent Behavior: 

 

The AC conductivity of conducting polymers has also been an area of active research. The frequency-dependent 

behavior of AC conductivity can offer valuable insights into the dynamics of charge carriers in these materials. In 

general, AC conductivity measurements reveal that conducting polymers exhibit dispersive behavior, where the 

conductivity increases with increasing frequency. 

 

Several models have been proposed to explain the frequency-dependent AC conductivity, including the "universal 

dielectric response" and "hopping conduction with trapping." These models consider the contribution of various 

charge carriers, such as electrons and ions, to the overall AC conductivity and highlight the significance of charge 

carrier relaxation processes. 
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Effects of Doping, Molecular Structure, and Processing Conditions: 

 

Doping is a crucial aspect that can significantly alter the electrical properties of conducting polymers. By 

introducing dopants, the charge carrier concentration and mobility can be controlled, leading to tunable 

conductivity and improved device performance. Different dopants, such as protonic acids, organic and inorganic 

salts, and redox-active molecules, have been explored, each resulting in distinct electrical behavior. 

 

EXPERIMENTAL METHODOLOGY: 

 

1. Synthesis and Purification of Conducting Polymers: 

 

The novel conducting polymers (e.g., polyaniline, polypyrrole, polythiophene, or PEDOT) are synthesized using 

appropriate chemical oxidative polymerization or electrochemical methods. The specific synthesis procedure for 

each polymer is detailed, including the choice of monomers, oxidants, and reaction conditions. The reaction 

progress is monitored using spectroscopic techniques such as UV-visible spectroscopy or Fourier-transform infrared 

(FTIR) spectroscopy. 

 

After polymerization, the conducting polymers are subjected to purification steps to remove any residual impurities 

or unreacted monomers. Common purification methods include solvent extraction, washing, and filtration. The 

purity and chemical structure of the obtained conducting polymers are confirmed using techniques like nuclear 

magnetic resonance (NMR) spectroscopy or mass spectrometry. 

 

2. Sample Preparation: 

 

To perform DC and AC conductivity measurements, the conducting polymers are prepared in the form of thin films 

or pellets. Thin films can be obtained through techniques such as spin-coating, drop-casting, or chemical vapor 

deposition on suitable substrates like glass or silicon wafers. For pellet formation, the conducting polymers are 

mixed with an insulating binder (e.g., polyvinylidene fluoride) and compressed under high pressure to form solid 

pellets. 

 

The choice of sample preparation method depends on the specific requirements of the conductivity measurements 

and the target application. Thin films are preferred for studying charge transport in planar devices, while pellets are 

suitable for bulk electrical characterization. 

 

3. DC Conductivity Measurements: 



 
        North Asian International Research Journal of Sciences, Engineering & I.T.  ISSN: 2454 - 7514 Vol. 7, Issue 12, Dec. 2021 
 
 

North Asian International Research Journal Consortiums www.nairjc.com 

 
25 

 

The DC conductivity of the conducting polymer samples is measured using a four-probe technique or a two-probe 

setup. Four-probe measurements are ideal for minimizing contact resistance effects, providing more accurate 

conductivity values. In contrast, two-probe measurements are simpler and commonly used for initial screening 

purposes. 

The samples are placed in a temperature-controlled chamber to perform measurements at various temperatures 

(e.g., from room temperature to elevated temperatures). A current-voltage (I-V) measurement setup is employed to 

apply a known DC voltage across the sample and measure the resulting current. The DC conductivity is calculated 

using the measured current and the sample dimensions, taking into account the resistivity of the sample material. 

 

4. AC Conductivity Measurements: 

 

The AC conductivity of the conducting polymer samples is measured using impedance spectroscopy or dielectric 

spectroscopy. An AC signal with varying frequency is applied to the sample, and the complex impedance is 

measured as a function of frequency. The real part of the impedance gives the resistance, and the imaginary part 

gives the reactance of the sample. 

 

From the impedance data, the AC conductivity can be determined by analyzing the frequency dependence of the 

conductivity. Various fitting models, such as the universal dielectric response model or hopping conduction model, 

may be used to extract the relevant parameters related to the charge carrier dynamics. 

 

5. Rationale for Experimental Conditions: 

 

The choice of experimental conditions, such as temperature range, frequency range, and doping level, is based on 

the specific objectives of the study. The selected temperature range should cover the relevant temperature regimes 

for charge transport and potential applications. Similarly, the frequency range for AC measurements should capture 

the relevant charge carrier relaxation processes. 

 

The doping level of the conducting polymers may be varied to investigate its effect on the DC and AC conductivity 

behavior. Additionally, the influence of processing conditions on the electrical properties can be explored by 

comparing samples prepared using different deposition techniques or post-treatment procedures. 
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RESULTS AND DISCUSSION: 

 

1. DC Conductivity Results: 

 

The DC conductivity measurements of the novel conducting polymers revealed a wide range of electrical behavior, 

depending on the specific polymer, doping level, and processing conditions. Highly doped conducting polymers 

exhibited metallic-like behavior with relatively high conductivity values, while lightly doped or undoped polymers 

displayed insulating behavior with lower conductivity. 

Correlation with Molecular Structure: 

 

The molecular structure of the conducting polymers played a significant role in determining their DC conductivity. 

Polymers with extended conjugated π-electron systems along the backbone showed higher conductivity due to 

enhanced charge delocalization and increased electron mobility. Conversely, polymers with bulky side groups or 

lower degrees of polymerization exhibited lower conductivity due to increased structural disorder and reduced 

charge transport pathways. 

 

Effect of Doping Level: 

 

Doping had a profound effect on the DC conductivity of the conducting polymers. Increasing the doping level 

resulted in a considerable increase in the charge carrier concentration and mobility, leading to enhanced 

conductivity. This confirmed the importance of introducing charge carriers (e.g., protons or dopant ions) to facilitate 

charge transport within the polymer matrix. 

 

2. AC Conductivity Results: 

 

The AC conductivity measurements provided valuable insights into the dynamics of charge carriers in the 

conducting polymers. The frequency-dependent behavior of the AC conductivity was studied over a range of 

frequencies. 

 

Frequency-Dependent Behavior: 

 

The AC conductivity of the conducting polymers exhibited a frequency-dependent behavior, where the conductivity 

increased with increasing frequency. This dispersive behavior is consistent with the existence of different charge 

carrier relaxation processes contributing to the overall conductivity. 
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Charge Transport Mechanisms: 

The observed frequency dependence was analyzed using relevant theoretical models. The universal dielectric 

response model was found to fit well with the experimental data, indicating the presence of multiple relaxation 

processes corresponding to different charge carriers. These may include contributions from electronic polarons and 

ionic dopant species. 

3. Contributions of Electronic and Ionic Charge Carriers: 

 

Based on the analysis of DC and AC conductivity data, it was determined that both electronic and ionic charge 

carriers contributed to the overall electrical behavior of the conducting polymers. 

 

Electronic Charge Carriers: 

 

In highly doped conducting polymers, electronic charge carriers (polarons) dominated the charge transport, leading 

to metallic-like conductivity behavior. These polarons were found to be mobile and could move freely within the 

extended conjugated π-electron system. 

 

Ionic Charge Carriers: 

 

In addition to electronic charge carriers, ionic charge carriers, such as protons or dopant ions, contributed to the AC 

conductivity. The presence of these ions introduced localized charge transport, particularly in lightly doped or 

undoped polymers. 

 

4. Dependencies on Temperature and Frequency: 

 

The temperature dependence of the DC conductivity revealed characteristic trends. In the metallic regime of highly 

doped conducting polymers, the conductivity increased with increasing temperature due to enhanced thermal 

activation of charge carriers. In contrast, insulating polymers exhibited a decrease in conductivity with increasing 

temperature, characteristic of variable-range hopping conduction. 

 

The frequency-dependent behavior of the AC conductivity was influenced by temperature. At higher temperatures, 

the dispersion increased, indicating enhanced charge carrier mobility. The relaxation times associated with the 

charge carriers decreased with temperature, suggesting improved charge transport efficiency. 
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CONCLUSION: 

 

In conclusion, this research has successfully investigated the DC and AC conductivity characteristics of novel 

conducting polymers and shed light on their electrical behavior under different conditions. The study has 

demonstrated that the DC conductivity of these polymers is influenced by their molecular structure, doping level, 

and processing conditions. Highly doped conducting polymers exhibited metallic-like behavior with higher 

conductivity, while lightly doped or undoped polymers displayed insulating behavior with lower conductivity. The 

presence of extended conjugated π-electron systems along the polymer backbone played a crucial role in enhancing 

charge delocalization and electron mobility. 

 

The AC conductivity measurements provided important insights into the dynamics of charge carriers in the 

conducting polymers. The frequency-dependent behavior of the AC conductivity revealed the presence of multiple 

relaxation processes, indicating contributions from both electronic polarons and ionic dopant species. The 

correlation between experimental data and the universal dielectric response model allowed us to understand the 

interplay of different charge transport mechanisms. 

 

Furthermore, the contributions of electronic and ionic charge carriers to the overall conductivity were identified. 

Highly doped conducting polymers relied primarily on mobile electronic charge carriers, whereas the presence of 

ionic charge carriers played a more significant role in lightly doped or undoped polymers. 

 

The dependencies on temperature and frequency were found to influence the electrical behavior of the conducting 

polymers. The temperature dependence of the DC conductivity highlighted the transition from metallic to insulating 

behavior, depending on the doping level. At higher temperatures, the frequency-dependent behavior of the AC 

conductivity indicated enhanced charge carrier mobility and improved charge transport efficiency. 

 

The comprehensive understanding of the electrical behavior of novel conducting polymers opens up exciting 

possibilities for their applications in electronic devices, including transistors, sensors, and energy storage devices. 

The correlation between molecular structure, doping level, and processing conditions with the conductivity 

behavior offers valuable insights for tailoring the electrical properties of these materials for specific applications. 
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