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Abstract 

In the present research work, pristine and ZnO nanoparticles doped polypyrrole-based 

samples were synthesized using a simple chemistry-based polymerization process using 

three different doping concentrations of ZnO. The prepared samples were characterized 

using various techniques. X-ray diffraction spectra of prepared samples indicate that 

these samples are quasi-crystals in nature. Fourier transformation infrared spectroscopy 

of these samples contains the various required fundamental bands which confirms the 

synthesis of expected samples. Field emission scanning electron microscopy of 

synthesized samples reveals that these samples have particle-like morphology. The 

thermal properties of prepared samples were investigated using the thermal gravimetric 

analysis investigation. Moreover, the electrical properties of prepared samples were 

investigated in the temperature range 293 to 393 K. The conductivity of prepared samples 

increases with the increase in temperature which indicates the semi-conducting nature of 

prepared samples. 
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Introduction 

In literature, insulators make up the majority of the described polymers. Later 

research however demonstrated that polymers can also behave in a semiconducting 

material. Polymers have potential uses in many different disciplines because they have 

special optical, electrical, and thermal properties. In addition to other conducting 

polymers, polypyrrole (PPY) has received a great deal of attention because of its non-

redox doping, strong thermal and environmental stability, high conductivity, and 

practicality. The characteristics of PPY alter dramatically in composite form. Such 

composites have been demonstrated for use in applications such as polymeric batteries, 

shielding at the electromagnetic/radio frequency interface in electronic devices, such as 

the plastic housing of computers and cell phones, temperature and current sensor devices, 

and electrochromic displays. Metal oxides (MOs) can be mixed with PPY to further 

enhance its processability, mechanical attributes, and conductivity. Because it is difficult 

to achieve chemical interactions between PPY and MOs, making PPY-MO composites is 

tough. Because of their increased qualities and prospective uses in a variety of 

disciplines, researchers continue to concentrate on synthesizing PPY and MO composites 

using diverse approaches [1]. Until now, conducting polymers have been used as a shell 

to enclose inorganic nanoparticles like ZnO, creating a variety of nanocomposites [2]. 

PPY/ZnO nanocomposite was created by Xia and Wang [3] using ultrasonic irradiation. 

Using the sol-gel method, Schnitzler and Zarbin [4] produced hybrid materials including 

PPY and ZnO nanoparticles. The most popular cathode candidates in the advancement of 

lithium and lithium-ion battery technology are transition-metal oxides [5]. 
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Other crystalline oxides, such as V2O5, MnO2, MoO3, and WO3, have also been 

employed as cathodes in solar cells [6,7] and rechargeable lithium batteries [8,9]. 

Additionally, PPY filled with materials such as magnetic particles [10-12], dielectric 

particles [13-17], or carbonaceous fillers [18-20], exhibit a combination of 

dielectric/magnetic and electrical properties. Applications for these composites in the 

fields of microwave absorption [20], supercapacitors [21], and corrosion control [22], 

among others, have been proven. PPY/NiO nanoparticle, a nanobelt, and a nanotube were 

created by chemically synthesizing PPY and NiO composites by Song and colleagues in 

the presence of sodium dodecyl benzene sulfonate. The thermostability and conductivity 

of the composite materials improved [23–25]. 

Although several investigations on PPY/ZnO composites have been described, 

most researchers are still concentrating on their synthesis and characterization. To the 

author's knowledge, there isn't any publication on the analysis of dynamical parameters 

for PPY/ZnO composites using methods like TGA, though. Therefore, a thorough 

investigation employing various ZnO concentrations in PPY and methodologies is 

required. 

Experimental Details 

Sample Preparation 

The pristine PPY and PPY/ZnO composite samples were prepared using the chemical 

oxidative polymerization synthesis process. In order to do this, two different aqueous 

solutions of pyrrole and ferric chloride were prepared separately in the molar 

concentration 1 M and 1.25 M. The prepared solutions were then cooled in a refrigerator 

for 2 hrs. Thereafter, the monomer solution was kept in an ice bath maintaining the 
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temperature between 0 to 4 
o
C. Then, the oxidant solution is added dropwise in the 

monomer solution, then the polymerization reaction starts quickly, and allow to react for 

24 hrs. After the appropriate time, the obtained solution starts to filtrate using filter paper, 

and obtained yield was washed with 1 M HCl and then with acetone till the filtrate 

become colorless. Then, this yield was firstly air dried and then in vacuum. Using, the 

pestle mortars this dried sample was crushed in fine powder. The similarly synthesis 

route followed for 5, 10 and 15 wt% ZnO doped PPY composite samples. 

Experimental Techniques 

Rigaku Miniflex-II diffractometer was used to record XRD patterns with CuKα in 

the angle of 2θ (10-80
o
) at a slow scanning rate of 2

o
/min. Data from X-ray diffraction 

(XRD) was used to establish the samples' crystal structure. The powder sample was 

mixed with dry KBr in a ratio of 1:20 by weight for the FTIR analysis using a Shimadzu 

IR affinity-1 8000 FTIR spectrophotometer. Using the scanning electron microscope 

EVO 18, the surface's microstructure was examined. By using a TA instrument with the 

model number SDT Q600 and a heating rate of 10 
o
C/min in a nitrogen atmosphere, 

thermogravimetric analysis was carried out. The Keithley 6517B electrometer was used 

to test DC conductivity at 1V and temperatures ranging from 25 to 120 
o
C with a 

variation of 2 
o
C.   

Results and Discussion 

X-ray Diffraction (XRD) Analysis 

Figure 1 displays the XRD patterns of pure PPY and PPY/ZnO composites. The 

XRD pattern of PPY and PPY/ZnO composite samples contain the two identical peaks 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper                                     © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11,  Iss 11, 2022 

 

2891 
 

around ~21.44 and 26.12
o
 whereas a soldier around ~16.10

o
. The intensity of peaks 

significantly changes with introducing the ZnO nanoparticles in PPY symmetry which 

indicates the strong interaction between PPY and ZnO. These two beaks are present due 

to quinoid and benzenoid rings in the parallel and perpendicular directions. Moreover, the 

presence of these two peaks indicates that the prepared samples exhibit structure of quasi-

crystals. 

 

Figure 1: XRD patterns of PPY and PPY/ZnO composites. 

Fourier Transform Infrared (FTIR) Analysis 

 FTIR spectra of pristine and ZnO-doped PPY composite samples are shown in 

Figure 2. FTIR spectrum reveals distinctive vibrations between 400 and 2000 cm-1. At 

518, 813, 1159, 1321, 1493, and 1591 cm
-1

, it exhibits unique bands. The bands at 518 

and 813 cm
-1

 are caused by para-disubstituted aromatic rings and C-H out-of-plane 

bending vibration, respectively. The C-N stretching vibrations are represented by a band 

that may be seen near 1321 cm
-1

. At 1159 cm
-1

, vibration in C-H occurs when the plane is 

bent [26]. Non-symmetric C6 ring stretching modes are thought to be the cause of the 

bands that are present in the 1450-1600 cm
-1

 range [27]. The quinoid rings play a 
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significant role in the higher frequency vibration at 1591 cm
-1

, while the benzenoid ring 

units may be seen in the lower frequency mode at 1493 cm
-1

. While the band seen in the 

range 2950-3300 cm
-1

 is attributable to N-H stretching of aromatic amines, the peak 

detected at 2300 cm
-1

 is due to aromatic C-H stretching vibrations [28-30]. 

 

Figure 2: FTIR spectra of PPY and PPY/ZnO composites 

Field Emission Scanning Electron Microscopy (FESEM)  

Figure 3(a-d) displays typical FESEM images for pure PPY and PPY/ZnO 

composite samples. FESEM images of presently prepared samples indicates that these 

samples have particles like morphology for pristine and ZnO doped PPY samples. In the 

FESEM images of composite samples, no ZnO nanoparticles are observed which may be 

due to incorporation of ZnO nanoparticles in PPY matrix. Here, ZnO nanoparticles behave 

as core whereas PPY as shell [31]. 
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Figure 3: FESEM images of PPY and PPY/ZnO composites 

Thermogravimetric Analysis (TGA) 

Figure 4 displays TGA thermograms of PPY and PPY/ZnO composites in a 

nitrogen atmosphere. The four processes of weight reduction are revealed by the TGA 

analysis of PPY and PPY/ZnO composites.   

1. The initial dehydration stage is thought to begin at around 100 
o
C and is caused by the 

desorption of water that has been absorbed at the surface of the doped polymer [32]. 

2. The elimination of the protonic acid component causes the second stage to occur at 

around 250 
o
C [32]. 

3. The third at roughly ~510 °C and the fourth at roughly ~640 °C indicate the break in 

the polymer chain, which may result in the formation of gases [33]. 

 

Figure 4: TGA thermograms of PPY and PPY/ZnO composites 

Current-Voltage (I-V) Characteristics (DC Conductivity) 

Conducting polymers' conduction mechanisms differ significantly from those of 

intrinsic semiconductors in that the current does not grow linearly with applied voltage 
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[34-36]. In conducting polymers, the initial addition of negative and positive charges 

does not immediately cause the stiff conduction or valence bands to start to fill. 

Permanent dipoles are absent in conductive polymers. In actuality, the sample contains 

random charge (polaron) trapping sites. Strong coupling between electrons and phonons 

results in lattice distortions around the doped charge when an external field is applied. As 

a result, charge trapping becomes strong, and their localized motion acts as an efficient 

electric dipole. As a result, quasiparticles like polarons and bipolarons are created. These 

polarons and bipolarons are used in this instance to carry a charge. The generation of 

polarons and bipolarons rises with the increasing applied field, which helps accelerate the 

current increase with respect to voltage and produce a nonlinear curve [37]. The electrical 

properties of prepared samples were investigated in the temperature range 293 to 393 K. 

Figures 5(a,b) indicates the variation in electrical conductivity with the increase in 

temperature. 

 

Figure 5: I-V characteristics of (a) PPY (b) t20 (c) t40 (d) t50 at different temperatures 

Equation (1), which is provided as, has been used to estimate the values of dc 

electrical conductivities (dc) at various temperatures at 1V based on the recorded I-V 

characteristics of these samples [38-40]. 
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          (1) 

      Where L and A stand for the sample's thickness and area, respectively, and V 

stands for voltage. Figure 5a also displays the fluctuation of dc conductivity with 

temperature for PPY and PPY/ZnO composites. All of the samples' DC conductivity (dc) 

measurements were found to follow the Arrhenius relation as described in equation 2, 

which is [41-44] 

              
  

  
         (2) 

Where σ0 is the pre-exponential parameter which depends on semiconductor 

nature, W denotes the thermal activation energy of electrical conduction, and k is 

Boltzmann's constant.  

The slope of the curve ln(dc) vs 1/T can be used to compute the values of the 

activation energy owing to electrical conduction using equation 2. For each sample, the 

slope is determined via linear fitting, and these samples having values of activation 

energy 6.26, 5.73, 5.33, 4.91 meV for pristine PPY and 5, 10 and 15 wt% ZnO doped 

PPY samples, respectively. According to these values of activation energy, it is observed 

that the activation energy values decrease with the increase in doping concentration 

which indicates the lower energy required for charge transport mechanism [45-47]. 

Figure 5b illustrates the plot of lnσdc vs. T
-1/4

, which similarly has a very strong 

linear fitting (with linearity 0.99), and shows that all of the samples exhibit three-

dimensional (3D) charge transport, which is previously explained by equation (3) [48-

50].  

       
  

  
 
 
 

         (3) 
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Where To is the Mott's characteristic temperature related to the degree of 

localization of the electronic wave function. The dimensionality of the conducting media 

is determined by the exponent = 1/(1+d). For the purpose of understanding the variable 

range hopping (VRH) of disordered materials in the low temperature region, the Mott's 

model was presented. However, this model works well for explaining dc conductivity 

data at high temperatures for the composites that are now available [51-53]. 

Conclusions 

PPY and ZnO-doped PPY composite samples were prepared using the chemical 

oxidative polymerization synthesis route. The presence of highly conducting state peaks 

of benzenoid and quinoid rings in the FTIR spectra of prepared samples indicates the 

prepared samples are in emeraldine salt form of PPY-based pristine and composite 

samples. XRD pattern of presently prepared samples indicates the quasi-crystal nature of 

prepared samples. TGA indicates that the pristine as well as doped samples exhibit their 

more than 70% weight even after 800 
o
C temperature. This indicates that the stability of 

prepared samples increases with the increase in ZnO nanoparticle doping concentration. 

The FESEM images of prepared samples indicate that the prepared samples have a 

particle size in the range of 2 to 10 um. The prepared samples follow Mott’s variable 

hopping model for the charge transport mechanism. 
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