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ABSTRACT: polypyrrole (PPy) nanoparticles were prepared using a low‑temperature 

oxidative polymerization process,  In this work, the preparation of pure poly pyyrole  

and poly pyyrole doped with copper oxide and zinc oxide at different concentrations of 

each doping agent was studied. The effect of different doping concentrations (Cu2O 

and ZnO) on thermal stability, conductivity, and morphology was observed through 

electrical conductivity tests , Hall effect .The electrical conductivity and Hall effect 

characteristics of pure polypyrrole (PPy) and PPy doped with ZnO and Cu2O 

nanoparticles made utilizing FeCl₃ and HNO₃ synthesis techniques were examined in 

this work. 

 

1-INTRODUCTION: 

Before conducting polymers were developed, polymers were thought to be electrical insulators.  Conductive or conjugated 

polymers exhibit special optical and electrical characteristics  similar to inorganic semiconductors and metals  1     The 

conjugated carbon chain's alternating single and double bonds provide highly nonlocal, polarizable, electron-dense π bonds 

that give them their electrical and optical characteristics2 Among the desired characteristics of conductive polymers are 

biocompatibility, electrochemical activity, mechanical flexibility, electrical conductivity, and environmental resilience. 

Polythiophene (PTH), polypyrrole (PPy), polyfuran (PF), poly (3,4-ethylenedioxythiophene) (PEDOT), poly (para-phenylene) 

(PPP), polyaniline (PANI), and poly (phenylenevinylene) (PPV) are among a variety of conducting polymers that are primarily 

used because of their high technological potential. These polymers have been used in the design of rechargeable batteries, 

sensors, biosensors, solar cells, supercapacitors, and electromagnetic shielding3 

PPy has been actively utilized in numerous potential applications, including electronic devices, microactuators, 

antielectrostatic coatings, and biomedical in a variety of organic solvents and aqueous media4. It is especially intriguing 

because of its high stability and conductivity, ease of forming homopolymers and composites, and unique properties like fast 

charge/discharge process, easy synthesis, high conductivity, flexibility, high energy density, high mass density, and low cost 
5.Chemical oxidative polymerization, ultrasonic radiation, electrochemical polymerization, vapour phase polymerization, 

electrospinning, microemulsion polymerization, mechanochemical polymerization, and photopolymerization are some of the 

techniques used to create PPy6. PPy is a black, powdery material that was first produced by chemically oxidizing a pyrrole 

monomer with hydrogen peroxide. Polypyrrole has insulating qualities in its undoped pure condition. Nevertheless, it exhibits 

a constant conductivity of 10–5 S/m7  . when doped with halogenic electron acceptors like iodine or bromine.Large quantities 

of PPy fine powders can be produced quickly and easily using chemical oxidative polymerization8. Pyrrole (PY) 

polymerization often happens when chemical oxidants in both aqueous and non-aqueous settings oxidize PY monomer9. 

Numerous reports on the polymerization of PPy using various techniques have been released recently. For instance, 

Wysocka-Złopa et al.10 electrochemically polymerized PY in aqueous solutions containing NaClO4 and polymeric or anionic 
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surfactants such PVP and SDS to create PPy thin films with vertically aligned cone-like features. Maruthapandi et al.11,12 used 

a straightforward one-step chemical process to create PPy Cu2O from carbon dot-initiated PPy and Cu2O composites, The 

production of two distinct solutions, one containing the monomer and the other the oxidant, is a common procedure for the 

chemical oxidative polymerization of conductive PPy. These solutions are then combined to start the polymerization. 

Nevertheless, controlling the homogeneous structure and film thickness of PPy made using this approach is difficult12.Pyrrole 

concentrations, doping levels, oxidants, polymerization temperature, impurity presence, and polymerization time all have an 

impact on PPy electrical conductivity9. The impact of several conditions on PPy polymerization has been the subject of 

numerous reports in recent years. For example, Yusuf et al.13  investigated the effects of APS and FeCl3 as oxidants on the 

electrical characteristics of PPy particles. At ambient temperature, they discovered that FeCl3 performs better electrically than 

APS.  

A improved method for producing polypyrrole nanoparticles with adjustable sizes based on reaction circumstances is 

presented in the paper. The oxidant was added in a single step to an stirred solution. Thus, the effects of various doping 

(Cu2O and ZnO) and their concentrations on the thermal stability, conductivity, and morphology are examined in this work. 

2-EXPERIMENTS: 

2-1Materials.  

Pyrrole monomer (m PPy) 98% was suppliedby Sigma Aldrich. Anhydrous iron (III) chloride, also called ferric chloride 

(FeCl3) 98%, and ammonium persulphate (N2H8S2O8) 98% were used as the oxidizing agent and Polyvinylpyrrolidone   as 

stabilizer ,  (Cu2O ,ZnO) as used as the dopant/surfactant. All of them were supplied by Sigma Aldrich as well. All materials 

were used as received. 

2-1 Synthesizing and Sample Preparation. Polypyrrole (PPy): 

2-1-1 Method of preparing polypyrrole nanoparticles using ferric chloride as an oxidant 

1- Preparation of pure polypyrrole nanoparticles (Pure PPy) 

Pyrrole monomer (0.403 g) was added to 10 ml of deionized water. The beaker was then placed in an ice-filled container and 

subjected to magnetic stirrer for 4 hours.  Afterward, the oxidant, ferric chloride, and the Polyvinylpyrrolidone as stabilizer 

:(FeCl3 (2.27) g + PVP (0.338 g) were prepared.  These were dissolved in 36 ml of water and 4 ml of ethanol. The mixture 

(oxidant and  stabilizer) was then added via a glass burette to the beaker containing the pyrrole monomer by distillation for 

one hour. The mixture was left on the separator for 24 hours to allow polymerization.  The mixture was then filtered and 

washed several times with water and ethanol to remove any remaining residue. 

2- Preparation of doped  polypyrrole nanoparticles by dopant Cu2O and ZnO by percentages  (0.5, 0.8, 1wt%): 

A- We dissolve 2 grams of polyvinylpyrrolidone (PVP) as a stabilizer in 200 ml of deionized water in a beaker. The 

beaker is placed on a magnetic stirrer. During stirring, we add the doped material (Cu₂O or ZnO), copper(II) oxide, 

or zinc(II) oxide, and continue stirring. The beaker is then placed in a container filled with crushed ice and placed on 

the magnetic stirrer at 5°C for half an hour. Afterward, 2.5 ml of pyrrole monomer is added drop by drop over 20 

minutes, with slow stirring during the addition process, at a temperature of 5°C. 

B- We prepare the oxidizer by dissolving 3.5 grams of ammonium persulfate (APS) powder and 3.5 grams of iron 

chloride (FeCl₃) powder in deionized water in a beaker. The beaker is then placed on a stirrer in a container filled 

with crushed ice at 5°C for half an hour until dissolved. The oxidizer is then added to the mixture. (pyrrole + PVP) 

is distilled slowly through a glass burette at a low temperature of 5°C. The polymerization process is then carried out 

on a magnetic stirrer for 6-8 hours. After 24 hours, the mixture is filtered by washing it several times with 5 ml of 

ethanol and distilled water until the precipitate is removed in a vacuum filtration system.  

 The polymerization process is repeated with different doping ratios (0.5, 0.8, 1) for Cu₂O and with different doping ratios 

(0.5, 0.8, 1) for ZnO. 
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2-1-2-  Method of preparing polypyrrole nanoparticles using Nitric Acid (HNO3) as an oxidant: 

Place 375 mL of nitric acid (HNO3) in a glass beaker. Then add 0.845 g of pyrrole monomer to the acid by distillation using a 

pipette. Place the beaker (pyrrole + HNO3) in a container filled with crushed ice at 5°C or lower on a magnetic stirrer for half 

an hour. Prepare the oxidant by adding 2.85 g of ammonium persulfate (APS) powder to 125 mL of nitric acid (HNO3). 

Place the oxidant in a glass burette and add it to the beaker (pyrrole + acid) by slow distillation from the burette over two 

hours. Then allow the polymerization to continue for 6–8 hours in an ice-filled container at a low temperature of 5°C. After 

24 hours, filter the mixture using a vacuum filter. Repeat the filtration process several times to remove any sediment. 

3-RESULTS AND DISCUSSION: 

3-1 Electrical Conductivity Measurement :  

Electrical Conductivity (DC) of polypyrrole (PPy) is an important parameter that reflects the efficiency of charge transport 

within the polymer structure. Pure PPy generally exhibits low electrical conductivity due to the disordered arrangement of 

polymer chains and the limited number of charge carriers available in the undoped state. This restricts electron movement 

along the conjugated backbone  14. The electrical conductivity of polypyrrole (PPy) increases significantly after the doping 

process. Doping generates charge carriers in the form of polarons and bipolarons within the polymer backbone. These charge 

carriers become delocalized along the conjugated polymer chains, facilitating charge transport and enhancing the electrical 

conductivity. In addition, the density and mobility of charge carriers can be controlled through the doping process, leading to 

a substantial improvement in the electrical performance of conducting polymers such as PPy15   

The electrical conductivity of polypyrrole depends strongly on dopant concentration, increasing with doping level and 

showing saturation-like behavior at high concentrations due to limitations in charge transport. 16  17     The electrical and 

structural properties of polypyrrole are strongly influenced by doping, where changes in charge carrier concentration and 

polymer structure affect conductivity 18 

3-1-1 Electrical  Conductivity of Pure PPy and Doped (ZnO, Cu2O ) Synthesis by FeCl3 as Oxidant :  

The investigates of additions of zinc oxide (ZnO) and cuprous oxide (Cu₂O) nanoparticles as pure dopants with different 

weight percent were carried out. It suggests that the various type of dopants and their concentrations have a large effect on 

the electrical conductivity of the material. The results indicate that the use of suitable dopants and control of their 

concentrations might improve the electronic functionality of conducting polymers like polypyrroles. 

The key to polypyrrole's conductivity is the linkage of molecules together along the polymer backbone, as well as charge 

carriers (polarons and bipolarons) incorporated in the structure during the doping process. Metal oxide nanoparticles, such as 

ZnO and Cu2O, can affect this conductivity through a number of conflicting mechanisms: 

1. It may be possible to use nanoparticles as between polymers to enable an electronic transfer of charge carrier between 

polymer chains and perhaps increase the conductivity of the polymer. 

2. Nanoparticles can cause morphological changes that lead to an increase in areas of order—a more conduction-friendly 

morphologythat is produced by a modification of the morphology and packing of the polymer chains. 

3. Nanoparticles can act as scattering centers and charge traps.Nanoparticles can scatter and trap the charge carriers and 

reduce the mobility. 

4- If the doping effect by the nanoparticles could interact with the PPy chain, it could alter the doping level of the PPy 

chains.The figure 1 shows that pure polypyrrole has relatively low electrical conductivity, as a fundamental state of mind for 

understanding its potential applications. The effect of doping has been demonstrated on achieving significantly better overall 

conductivity of these materials that are more appropriate for several electronic and biomedical applications. 
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Figure 1: Conductivity of pure polypyrrole. 

The doping of polypyrrole with ZnO (Figures 2, 3 and 4 corresponding to 0.5, 0.8 and 1.0 ZnO respectively) presents a rather 

distinct pattern. The conductivity appears to increase slightly as compared to PPy alone when a small amount of weight 

fraction of the ZnO nanoparticles, about 0.5 wt%, is added, as is seen in Figure 2. This is likely due to the small size of the 

ZnO particles facilitating closer contact between the polymer chains which allows electrons to pass more easily through it, 

creating a more interconnected network. 

 

Figure 2: Conductivity of polypyrrole doped by 0.5 % ZnO 

 

Figure 3: Conductivity of polypyrrole doped by 0.8% ZnO. 

The conductivity could change with increasing doping concentration up to 0.8 wt % of ZnO as shown in the first figure and 

up to 1.0 wt % as shown in the second figure. It may not even reach a minimum value, it may become stable, or even begin to 

decrease at highest ZnO concentrations. These are a common occurrence with polymer nano composites and typically are 
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caused by: 1.Have a lot of ZnO, the nanoparticles tend to clump together. These clusters can disrupt the straighforward flow 

of electricity in the polymer and can get stuck to blocking the charge. 

2. Excessive amounts of particles can scatter charge carriers so much that they are unable to travel as far as necessary before 

hitting another particle. This, in turn, reduces the conductivity of the material in general. there's an optimum amount 

(subsequently found to range from 0.5 wt% to 0.8 wt%, something in the middle) of puttying with ZnO to achieve its best 

connectivity properties without having the issues it presents if too much is added because it clumps together. 

 
Figure 4: Conductivity of polypyrrole doped by 1.0% ZnO. 

With the addition of the Cu₂O nanoparticles, the behavior is different for PPy/Cu₂O nanocomposites in Figures 5-7, 

compared to the ZnO. This is because Cu₂O is p-type semiconductor and the electronic interaction with the polypyrrole 

matrix could be different, which is also p-type semiconductor.For the case of the addition of smallest fraction of Cu₂O 

(0.5wt%, Figure 5), the conductivity has either increased slightly or slightly decreased as compared to the pure polypyrrole. 

When it decreases, it may indicate that in the first place the Cu₂O is a defect or traps the electrons from conducting electricity 

properly.                  

        

Figure 5: Conductivity of Conductivity of polypyrrole doped by 0.5% Cu2O. 

For Cu₂O concentration >0.8 wt% (Figure 6, bottom), however, significant increase in conductivity has been observed due to 

sufficient concentration of Cu₂O nanoparticles to establish enough pathways to allow conduction of electrical charge. 

However, the conductivity may become constant or even decrease as the concentration of Cu₂O (1.0 wt%, Figure 7) becomes 

the same in the ZnO composites. This may be due to the tendency of the nanoparticles to aggregate and lead to greater 

scattering of charge carriers. Also, it appears that the percolation threshold for Cu₂O is higher than that of ZnO suggesting 

that Cu₂O does not interact as well with the polypyrrole in lower concentrations. 
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Figure 6: : Conductivity of Conductivity of polypyrrole doped by 0.8% Cu2O. 

 

Figure 7:  Conductivity of Conductivity of polypyrrole doped by 1.0% Cu2O. 

A comparison between the two material ZnO and Cu₂O would reveal the importance of chemical doping of the material, 

ZnO being better in this regard at lower concentrations, and thus probably fitting better or having a stronger electronic 

connection with the polypyrrole chains. The conductivity is increasing with decreasing amount of ZnO content in the sample 

with respect to Cu₂O content. The results indicate that the main effect of the addition of ZnO was a decrease in the lattice 

resistance of conducting jump from the polypyrrole chains to the particles. Alternatively, Cu₂O may be more involved in the 

end and it may require a higher level of concentration to be useful at bridging sites initially but have some ability to trap 

charges more readily at the end when necessary. The maximum conductivity obtained by using ZnO specimen is probably 

more than Cu₂O specimen, and also at lower amount of fillers. This means that the electrical conductivity in the polypyrrole 

nanocomposites is more likely to be achieved using ZnO as it is under the conditions employed. 

3-1-2 Electrical  Conductivity of pure PPy Synthesis byHNO3 acid as Oxidant  
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Figure 8:  Conductivity of polypyrrole nanoparticles synthesis by nitric acid method polypyrrole   (HNO3) 
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The electric conductivity properties of polypyrrole (PPy) nanoparticles prepared by nitric acid (HNO₃) method reveals an 

outstanding semiconducting behavior with an increasing trend in conductivity with the rise of temperature, as seen in Figure 8   

 This behavior is typical for conducting polymers and indicates thermally activated charge transport. The conductivity 

increased from about 4.09×10−10  at 37°C to 1.58×10−7 S/cm at 225°C. This large increase of nearly three orders of 

magnitude confirms that the charge carriers gain sufficient thermal energy at higher temperatures, allowing them to hop more 

easily between localized states in the polymer chains19. The conductivity-temperature dependence can be explained using the 

thermally activated transport mechanism described by the Arrhenius relation20:  

                     )1......().........-exp(0
Tk

E

B

a =             

where:σ = electrical conductivity,  

 σ0 = pre-exponential factor,  

• Ea = activation energy,  

• kB = Boltzmann’s constant,  

• T= absolute temperature.  

The fact that conductivity increases with temperature indicates that the conduction in the PPy nanoparticles is dominated by 

hopping conduction of localized polarons/bipolarons along the polymer backbone. Charge transport in conducting polymers 

like polypyrrole is strongly affected by structural disorder, grain boundaries and chain defects21. At low temperatures, carrier 

hopping between conducting segments is suppressed as the carriers are trapped in localized states. With increasing 

temperature, thermal activation allows the charge carriers to hop over potential barriers and onto neighboring conducting 

segments. Thermal conductivity also tells us that nitric acid is successfully doping our polymer during synthesis22. Because 

HNO3 can protonate and oxidize the PPy backbone, it leaves behind counterions that act as positive charge carriers. These 

charges promote formation of polarons/bipolarons which are responsible for the charge transport. Increasing temperature 

therefore increases both the carrier mobility and the probability of hopping. The fact that the sample displays a gradual 

change in conductivity vs temperature with no sharp features indicates that the as-synthesized PPy nanoparticles are thermally 

stable over the measured temperature range. In other words, no phase transitions or degradations are occuring as you heat 

your sample. This behavior is typical of amorphous/conformationally disordered conducting polymers23. An activation energy 

can be extracted from the Arrhenius plot of your data. From yours, E a ≈0.45 eV. This value lies in the range for conducting 

polypyrrole systems as are often encountered. You are thus confirmed to have some semiconducting behavior as shown by 

your activation energy. In addition, the increased conductivity at higher temperature may be coupled with: 

1. Increased segmental motion of polymer chains.  

2. Improved overlap of π-electron orbitals.  

3. Reduction in carrier trapping effects.  

4. Enhanced inter-particle charge transfer between nanoparticles.  

3-2 Hall effect Measurement : 

Because of the information that may be collected, including Hall voltage, the kind of conductivity, carrier density, and 

mobility, Hall effect measurements are crucial for characterizing semiconductor materials. The nature, structure, and purity of 

the material all have a significant impact on mobility. Charge transport, crystallinity, and shape typically influence the charge 

carrier mobility in conducting polymers. Additionally, a high degree of disorder and a high density of chemical impurities are 

typically blamed for the low Hall mobility values in polymer materials32. 

 

 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

921 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

3-2-1 Hall Effect Analysis: Undoped Ppy (synthesis by FeCl3 method) and doped ppy by ZnO and Cu2O: 

The type, concentration, mobility, and conductivity of charge carriers in conducting polymers are all determined using Hall 

effect measurements. These characteristics are heavily impacted by the manufacturing process and the addition of inorganic 

dopants like ZnO and Cu2O in polypyrrole (PPy). Dopants  effects on electrical transport channels and the function of 

polarons and bipolarons in conduction may be evaluated using the data collected. The addition of inorganic nanoparticles can 

change the charge carrier density, mobility, and conduction type of conducting polymers like polypyrrole (PPy). The Hall 

effect characteristics of undoped PPy and PPy doped with different concentrations of ZnO and Cu2O nanoparticles were 

methodically examined in this work. The findings show notable patterns in carrier type, concentration, resistivity, and 

mobility that are dependent on both dopant and concentration. These may be explained by a mix of defect chemistry, 

percolation theory, and doping processes. Hall effect calculations shows in Table.  

Table : Hall effect calculations for undoped and doped nano particle polypyrrole. 

          Sample Carrier 

concentration  

n (cm)-3 

Hall 

coefficient 

RH (cm-3C-1) 

Conductivity  

σ(S/cm) 

Mobility (μ)  

(cm2V-1s-1) 
Type 

Undoped Ppy 

(synthesis by 

FeCl3 method) 

1.75x10+17 3.56x10+01 4.05x10-01 1.44x10+01 P 

Ppy  dopant 

0.5wt% ZnO 
-3.81x10+15 -1.64x10+03 3.38x10-01 5.53x10+02 N 

Ppy  dopant 

0.8wt% ZnO 
-6.71x10+15 -9.31x10+02 3.11x10-01 2.89x10+02 N 

Ppy  dopant 

1.0wt% ZnO 
9.14x10+14 6.83x10+03 5.17x10-01 3.53x10+03 P 

Ppy  dopant 

0.5wt% Cu2O 
-4.00x10+15 -1.56x10+03 3.05x10-01 4.75 x10+02 N 

Ppy  dopant 

0.8wt% Cu2O 
-3.63 x10+15 -1.72 x10+03 3.46 x10-01 5.95 x10+02 N 

Ppy  dopant 

1.0wt% Cu2O 
9.80 x10+14 6.37 x10+03 3.72 x10-01 2.37 x10+03 P 

Undoped PPy produced by the FeCl₃ technique showed p-type conductivity, which is in line with earlier findings that 

oxidative polymerization results in hole-dominated transport because polaronic/bipolaronic states are formed 24.  The 

samples doped with 0.5 and 0.8 wt% ZnO or Cu2O became n-type when doped with just 0.5 or 0.8 wt%, while they were p-

type at 1.0 wt%33,34.This non-monotonic trend implies a complicated interaction between the electrical structure of the 

polymer and dopant-induced defect levels. ZnO and Cu2O nanoparticles introduce shallow donor states close to the 

conduction band at low doping levels (≤0.8 wt%), hence donating electrons to the PPy matrix and raising Fermi levels, This 

agree with ZnO and Cu2O's recognized n-type character in bulk 25. At higher doping concentrations (1.0 wt%), the increased 

density of dopant particles case the interfacial charge transfer in the opposite direction. This could be because the polymer 

starts injecting holes into localized states on the nanoparticles or because p-n junctions form at the polymer–particle interface. 

In same way the carrier-type transitions have been seen in hybrid organic–inorganic systems, and they are frequently 

explained by conflicting trapping and doping processes26,27, 28  

The carrier concentration (n) is a parameter that directly influences the electrical conductivity of materials. In this work, Hall 

effect measurements reveal how doping polypyrrole (PPy) with ZnO and Cu₂O nanoparticles affect the free charge carrier 

density, providing insight into the doping efficiency and electronic interactions in these hybrid systems29  
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P-type conduction is confirmed by the undoped PPy's carrier concentration of 1.75 × 10^17 cm⁻³, positive Hall coefficient of 

35.6 cm³C⁻¹, and mobility of 14.4 cm²V⁻¹s⁻¹. FeCl₃ produces intrinsic p-doping through the generation of polarons and 

bipolarons, which is characteristic for polypyrrole produced by oxidative polymerization. The modest carrier density suggests 

that hole transport along the conjugated backbone with little delocalization controls conduction30  

The carrier concentration's sign and magnitude are significantly changed when PPy is doped with ZnO. The material becomes 

n-type at 0.5 weight percent ZnO, with mobility of 553 cm²V⁻¹s⁻¹ and n ( –3.81 × 1015 cm⁻³). Strong electron transport from 

ZnO to the PPy matrix is suggested by this p-type to n-type inversion. N stays negative (–6.71 × 1015 cm⁻³) when doping 

rises to 0.8 wt%, while mobility falls as a result of increased interface scattering and dopant aggregation. The carrier type 

reverses to p-type (n = 9.14 × 1014 cm⁻³) at 1.0 wt%, accompanied by an extremely high mobility (3530 cm²V⁻¹s⁻¹). At 

increasing dopant loadings, competition between charge transfer, carrier trapping, and microstructural rearrangement is 

reflected in this non-linear behavior31,32 Cu2O doping shows comparable patterns. With n ( –4.00 × 1015 cm⁻³ and mobility of 

475 cm²V⁻¹s⁻¹, the PPy becomes n-type at 0.5 wt%, suggesting significant electron-donor behavior of Cu2O. At 0.8 weight 

percent, mobility rises to 595 cm²V⁻¹s⁻¹, indicating better dispersion and less scattering, while n stays negative (–3.63 × 1015 

cm⁻³). The carrier type returns to p-type (n = 9.80 × 1014 cm⁻³) with strong mobility (2370 cm²V⁻¹s⁻¹) at 1.0 wt%, which is 

compatible with structural rearrangement and restored dominance of PPy's intrinsic hole conduction routes 33,  34,35ZnO and 

Cu2O both cause a p → n → p transition in PPy, indicating that metal-oxide doping could greatly change the polymer's 

electrical characteristics, charge-transfer interactions are responsible for the severe suppression of hole density at low dopant 

levels, whereas percolation effects and dopant-induced structural rearrangement are responsible for the return of p-type 

behavior at high loadings. Mobilities rise sharply with doping, suggesting that better microstructural organization, rather than 

carrier density, increasingly controls transport, these demonstrate that metal-oxide nanoparticles are useful modifiers for 

modifying polypyrrole's electrical transport characteristics for cutting-edge electronic, sensing, and energy applications 35   
36.Electrical conductivity shows relatively little variation (0.30–0.51 S/cm) among all specimens, even with considerable 

changes in n. This suggests that the electrical conductivity of PPy is not solely dependent on carrier concentration. On the 

other hand, it is greatly influenced by mobility and transport processes based on hopping, which are specific to conducting 

polymers46, reaching 3530 cm2/V·s with doping.This improvement suggests better microstructural arrangement, less 

scattering, and the development of pathways for efficient transport37 Elevated mobility can offset a low concentration of 

charge carriers, thereby maintaining conductivity.  PPy experiences full carrier inversion from p-type to n-type at 0.5 weight 

percent ZnO, with RH = –1.64 × 10³ cm³/C and n = –3.81 × 10¹¹ cm⁻³. Strong electron donation from ZnO to the PPy 

matrix is shown. A significant improvement in mobility to 553 cm²/V·s indicates better charge transport channels  38. The 

material is still n-type at 0.8 weight percent ZnO (n = –6.71 × 10¹¹ cm⁻³), but mobility drops to 289 cm²/V·s because of 

enhanced scattering brought on by dopant aggregation. ZnO-doped PPy exhibits extraordinarily high mobility (3530 

cm²/V·s) and recovers to p-type behavior (n = +9.14 × 10¹¹ cm⁻³) at 1.0 weight percent. This reversal is associated with 

microstructural reordering, in which hole dominance is restored by excessive dopant, which lowers electron transfer efficiency 
39 ,40 .Cu2O exhibits comparable patterns to ZnO, although it donates electrons more strongly. At 0.5 weight percent, n equal 

(–4.00 × 10¹¹ cm⁻³) and RH is (–1.56 × 10³ cm³/C), indicating n-type conduction. Mobility increases to 475 cm²/V·s. 

Mobility improves to 595 cm²/V·s at 0.8 weight percent, but n stays negative. The sample exhibits excellent mobility (2370 

cm²/V·s) and recovers to p-type (n = +9.80 × 10¹¹ cm⁻³) at 1.0 weight percent Cu₂O, showing structural rearrangement that 

restores hole transport41,19  

3-2-2 Hall Effect Analysis :Nano Particle Polypyrrole  Ppy (synthesis by Acid HNO3 method) : 

Acid-mediated pathway-produced polypyrrole (PPy) often exhibits distinct structural and electrical characteristics42. The Hall 

effect data for PPy nanoparticles produced by the acid method, with particular focus on carrier concentration, mobility, 

resistivity, and conduction type. The results clarify the charge transport mechanisms operating in this kind of PPy and provide 

a baseline for comparison with doped or differently produced variants.43 

1.41×1018cm−3 is the carrier concentration. This value is comparatively high for undoped PPy, indicating that a larger density 

of charge carriers may be introduced via the acid production process, either as a result of inherent structural order or 

protonation.44The conductivity is 9.52×10−3 (Ω⋅cm)−1, the resistivity ρ = 1.05×102 ×⋅cm, and the sheet resistance Rs is 

5.25×105Ω. For PPy, this conductivity is modest, suggesting that mobility may be restricted despite a high carrier 
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concentration. When it comes to Carrier Mobility μ≈4.21×10−2cm2/V⋅s, this poor mobility is typical of disordered 

conducting polymers, where charge transfer takes place by hopping between localized states. 4.42×10−3cm3/C is the Hall 

Coefficient (RH). P-type conduction is confirmed by the positive sign of RH, which is in line with hole-dominated transport 

in PPy.45The calculated carrier concentration (1.41×1018 cm−3) is significantly greater than what is usually reported for 

oxidatively produced undoped PPy (normally 1016 to 1017 cm−3). This improvement might be explained by the PPy 

backbone being protonated during acid production, which raises the density of polaronic and bipolaronic charge carriers. 

Acid-mediated polymerization and improved chain alignment may encourage more regular chain packing, improving carrier 

delocalization and ππ-conjugation. Decreased defect density: The development of carbonyl or other trap states that lower 

effective carrier density may be suppressed via the acid pathway.46 With a conductivity value of (σ≈10−2 Ω−1cm−1), 

mobility is the limiting constraint. The poor mobility (μ≈4.2×10−2 cm2/V⋅s) .is characteristic of hopping conduction in 

disordered conducting polymers, where charge transport is limited by localized trap states, structural disorder, and inter-chain 

hopping barriers.39 

4-  CONCLUSIONS : 

Using techniques that involved HNO₃ and FeCl₃, polypyrrole (PPy) nanoparticles were successfully manufactured oxidative 

polymerization. Using DC electrical conductivity and Hall effect measurements, the influence of doping with Cu₂O and ZnO 

nanoparticles on PPy's electrical transport parameters was investigated in depth. All samples tested were semiconductors, 

according to conductivity tests. The results showed that, upon the use of nitric acid, charge transport is thermally activated 

and occurs via jumping pathways, including polarons and bipolarons, with electrical conductivity increasing with temperature. 

The addition of metal oxide nanoparticles greatly affected the electrical properties of PPy. In particular, the introduction of 

ZnO and Cu₂O dopants enhanced the charge transport by affecting charge concentration, charge mobility, and the charge 

transfer at interfaces in the polymer. It was found that an optimum concentration of the dopants was present above which 

the doping level would cause a scattering of the carriers and aggregation of the nanoparticle, both of which would impact 

conductivity. Undoped PPy prepared through the FeCl₃ process prepared using low-temperature was found to be p-type 

conductive based on the results of hall effect studies, where charge transfer was found in the form of holes. Interesting: 

although the ntype conductivity behavior can be recovered by increasing the dopant loading (1.0 wt%) the ntype conductivity 

can be obtained by reducing the loading (0.5 and 0.8 wt%) of the ZnO and Cu2O dopants respectively. This is a carriertype 

inversion indicating that the polymer chains and the metal oxide nanoparticles possess s trong electric connection; this 

significantly changes the charge transport pathways.  

REFERENCE: 

[1] Hanif Z, Lee S, Arsalani N, Geckeler KE. The Comparative Study on Vapor-Polymerization and Pressure-dependent 

Conductance Behavior in Polypyrrole-hybridized Membranes. Published online 2016:179-183. doi:10.1002/bkcs.10650 

[2] Nezakati T, Seifalian A, Tan A, Seifalian AM. Conductive Polymers: Opportunities and Challenges in Biomedical 

Applications. Chem Rev. 2018;118(14):6766-6843. doi:10.1021/acs.chemrev.6b00275 

[3] Namsheer K, Rout CS. RSC Advances Conducting polymers: a comprehensive review on recent advances in synthesis, 

properties and. Published online 2021:5659-5697. doi:10.1039/d0ra07800j 

[4] Mahmood J, Arsalani N, Naghash-Hamed S, Hanif Z, Geckeler KE. Preparation and characterization of hybrid 

polypyrrole nanoparticles as a conducting polymer with controllable size. Sci Rep. 2024;14(1):1-12. doi:10.1038/s41598-

024-61587-1 

[5] Wang S, Zuo G, Kim J, Sirringhaus H. Progress in Polymer Science Progress of Conjugated Polymers as Emerging 

Thermoelectric Materials. Prog Polym Sci. 2023;129(2022):101548. doi:10.1016/j.progpolymsci.2022.101548 

[6] Pang AL, Arsad A, Ahmadipour M. Synthesis and factor affecting on the conductivity of polypyrrole: a short review. 

Polym Adv Technol. 2021;32(4):1428-1454. doi:10.1002/pat.5201 

[7] Kiebooms R, Menon R, Lee K. Synthesis, electrical, and optical properties of conjugated polymers. In: Handbook of 

Advanced Electronic and Photonic Materials and Devices. Elsevier; 2001:1-102. 

[8] Ehtesham M, Mohsin A, Elias M, et al. Electrical Conductivity, Thermal, Rheological and Morphological Characteristics 

of Grafted Blend of Polypyrole and Polypropylene. 2017;56:1375-1380. doi:10.3303/CET1756230 

[9] Gong J, Zhang J, Li Q. Design and Optimization of Flexible Polypyrrole / Bacterial Cellulose Conductive 

Nanocomposites Using Response Surface Methodology. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

924 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[10] Winkler K, Zo MW. Electrochimica Acta Electrochemical synthesis and properties of conical polypyrrole structures. 

Published online 2017. 

[11] Maruthapandi M, Nagvenkar AP, Perelshtein I, Gedanken A. Carbon-dot initiated synthesis of polypyrrole and 

polypyrrole@ CuO micro/nanoparticles with enhanced antibacterial activity. ACS Appl Polym Mater. 2019;1(5):1181-

1186. 

[12] Pang AL, Arsad A, Ahmadipour M. Synthesis and factor affecting on the conductivity of polypyrrole: a short review. 

Polym Adv Technol. 2021;32(4):1428-1454. 

[13] Yussuf A, Al-saleh M, Al-enezi S, Abraham G. Synthesis and Characterization of Conductive Polypyrrole: The Influence 

of the Oxidants and Monomer on the Electrical, Thermal, and Morphological Properties. 2018;2018. 

doi:10.1155/2018/4191747 

[14] Ansari R. Polypyrrole Conducting Electroactive Polymers: Synthesis and Stability Studies. 2006;3(13):186-201. 

[15] Polymers C. Electrical and Electrochemical Properties of Conducting Polymers. Published online 2017. 

doi:10.3390/polym9040150 

[16] Hulea IN, Brom HB, Mukherjee AK, Menon R. Doping, density of states and conductivity in polypyrrole and poly( p- 

phenylene vinylene). :3-7. 

[17] Talukdar D, Nandi UN, Bardhan KK, Bufon CCB, Heinzel T, Mukherjee CD. Nonlinearity exponents in lightly doped 

Conducting Polymers. Published online 2018:1-20. 

[18] Heeger AJ. Feature article. 2001;105(36). 

[19] Hao L, Dong C, Zhang L, Zhu K, Yu D. Polypyrrole nanomaterials: Structure, preparation and application. Polymers 

(Basel). 2022;14(23):5139. 

[20] Petrowsky M, Frech R. Temperature dependence of ion transport: the compensated Arrhenius equation. J Phys Chem B. 

2009;113(17):5996-6000. 

[21] Park S, Lee MH, Ahn KS, et al. Combinatorial Study of Temperature‑Dependent Nanostructure and Electrical 

Conduction of Polymer Semiconductors: Even Bimodal Orientation Can Enhance 3D Charge Transport. Adv Funct 

Mater. 2016;26(26):4627-4634. 

[22] Saroja APVK, Nehru K, Sivakumar M, et al. Tuning the oxidation state of polyaniline in Mn3O4/polyaniline 

nanocomposite for supercapacitor application. Emergent Mater. 2025;8(1):279-288. 

[23] John J, Sivaraman S, Jayalekshmy S, Anantharaman MR. Journal of Physics and Chemistry of Solids Investigations on 

the mechanism of carrier transport in plasma polymerized pyrrole thin films. 2010;71:935-939. 

doi:10.1016/j.jpcs.2010.03.047 

[24] MacDiarmid AG. “Synthetic metals”: a novel role for organic polymers. Curr Appl Phys. 2001;1(4-5):269-279. 

[25] Baek SK, Lee KR, Cho HK. Oxide p‑n Heterojunction of Cu2O/ZnO Nanowires and Their Photovoltaic 

Performance. J Nanomater. 2013;2013(1):421371. 

[26] Skotheim TA. Handbook of Conducting Polymers. CRC press; 1997. 

[27] Bässler H. Charge transport in disordered organic photoconductors. A Monte Carlo simulation study. Phys Status Solidi B 

(Basic Res. 1993;175(1). 

[28] Kirkpatrick S. Percolation and conduction. Rev Mod Phys. 1973;45(4):574. 

[29] Chougule MA, Khuspe GD, Sen S, Patil VB. Polypyrrole–ZnO nanohybrids: effect of CSA doping on structure, 

morphology and optoelectronic properties. Appl Nanosci. 2013;3(5):423-429. 

[30] Kaiser AB. Electronic transport properties of conducting polymers and carbon nanotubes. Reports Prog Phys. 

2001;64(1):1-49. 

[31] Chiang CK, Fincher Jr CR, Park YW, et al. Electrical Conductivity in Doped Polyacetylene. Phys Rev Lett. 

1978;40(22):1472. 

[32] Pace G, Bargigia I, Noh Y young, Caironi M. intermolecular interactions. Nat Commun. Published online 2019. 

doi:10.1038/s41467-019-13155-9 

[33] Pozzoli GL, Merces L, Yassitepe E, De Morais VB, De Camargo DHS, Bufon CCB. Charge transport and gradient 

doping in nanostructured polypyrrole films for applications in photocurrent generation. ACS Appl Nano Mater. 

2020;3(3):3060-3070. 

[34] Wang LX, Li XG, Yang YL. Preparation, properties and applications of polypyrroles. React Funct Polym. 2001;47(2):125-

139. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

925 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[35] Aryadevi G, Joseph G, Mathew VR, et al. Optimizing the electrochemical properties of PPy/ZnO nanocomposites for 

supercapacitor electrode. J Mater Sci Mater Electron. 2024;35(21):1490. 

[36] Sevil B, Zuhal K. Synthesis and characterization of polypyrrole nanoparticles and their nanocomposites with poly 

(propylene). In: Macromolecular Symposia. Vol 295. Wiley Online Library; 2010:59-64. 

[37] Bubnova O, Crispin X. Towards polymer-based organic thermoelectric generators. Energy Environ Sci. 2012;5(11):9345-

9362. 

[38] Chai H, Li H, Zhong F, Xu Z, Bai S, Chen L. Influence of Solvent-Dependent Morphology on Molecular Doping and 

Charge Transport in Conductive Thiophene Polymer. Materials (Basel). 2022;15(9):3293. 

[39] Mott NF, Davis EA. Electronic Processes in Non-Crystalline Materials. OUP Oxford; 2012. 

[40] Baranovski S. Charge Transport in Disordered Solids with Applications in Electronics. John Wiley & Sons; 2006. 

[41] Kang SD, Snyder GJ. Charge-transport model for conducting polymers. Nat Mater. 2017;16(2):252-257. 

[42] Streetman BG, Banerjee S. Solid State Electronic Devices. Vol 4. Prentice hall New Jersey; 2000. 

[43] Sze SM, Ng KK. Chapter 3 Metal-Semiconductors Contacts. Phys Semicond Devices, 3rd ed; John Wiley Sons Hoboken NJ, 

USA. Published online 2007:134-196. 

[44] Pei Q, Qian R. Protonation and deprotonation of polypyrrole chain in aqueous solutions. Synth Met. 1991;45(1):35-48. 

[45] Reynolds JR, Thompson BC, Skotheim TA. Handbook of Conducting Polymers, -2 Volume Set. CRC Press; 2019. 

[46] Skotheim TA, Reynolds J. Conjugated Polymers: Theory, Synthesis, Properties, and Characterization. CRC press; 2006. 

 


