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Abstract:  

Polypyrrole (pure) and polypyrrole doped with different 

protonic acids (HCl and H3PO4) have been synthesized using 

NaOH as reducing agent in aqueous HCl medium and 

ammonium persulphate (APS) as an oxidant, respectively. 

These pure and doped samples were named as S1, S2, and 

S3.For further investigation. These pure and doped samples 

were annealed at 2000C for 4 hr. The amorphous nature of 

these annealed and as prepared polypyrrole samples was 

confirmed by XRD, FTIR spectra and SEM images of all the 

samples were taken at room temperature, which indicates: 

significant change in annealed samples. Simultaneous 

measurements of effective thermal conductivity (λe) and 

effective thermal diffusivity (χe) of these samples of have been 

made using transient plane source (TPS) technique. Thermal 

transport properties were measured at normal pressure from 

room temperature to 170οC. The results have been explained 

on the basis of strength of the acids, structural changes 

occurring in the polymer chain due to increase in temperature 

and effect of annealing. 

Introduction 

The discovery of the fourth generation materials, 

viz., conducting polymers, has created a new area of research. 

Conducting polymers are important and interesting classes of 

new organic materials that have gained considerable attention 

in the recent years. These polymers have unique properties 

which have led to some commercial applications such as 

manufacturing of printed circuit boards, corrosion protection, 

electro chromic displays, electrolytic capacitors, rechargeable 

batteries and conductive coating for textile sensors, light 

emitting diodes electromagnetic shielding and so on [1-4].A 

polymer is a long – chain molecule that is composed of a large 

number of repeating units of identical structure.New 

conducting polymer structures have been developed over the 

past two decades with the hope of obtaining better properties 

than polyacetylene.In many researches it is found that 

polypyrrole is very sensitive to moisture because this leads to 

leaching of the counter ion and thus to a decrease in 

conductivity. Annealing makes the chain mobile to acquire a 

stable morphology and also to enhance the properties by 

elimination of moisture content. In this work, the variation of 

effective thermal conductivity (λe) and effective thermal 

diffusivity (χe) of the different acid doped polypyrrole samples 

with temperature has been studied using transient plane source 

technique (TPS), It is modified version of transient hot strip 

(THS), which is introduced by S.E.Gustaffson [5]. TPS theory 

has been described elsewhere [6]. 

 Also effect of annealing on thermal properties of doped 

polypyrole has been investigated. 

Experimental details: 

Pure and acid doped polypyrrole samples can be prepared via 

chemical polymerization. The doped polypyrrole sample was 

prepared by oxidative polymerization of double distilled 

pyrrole using ammonium persulphate, (NH4)2S2O8 as an 

oxidant. A calculated amount of ammonium persulphate was 

dissolved in HCl (1M) solution. The polymerization was 

performed at 0ο C temperature with oxidant / monomer molar 

ratio 0.2M.The black precipitate resulting from the reactions 

was washed with distilled water and methanol and then dried 

under vacuum for 6-8 hrs [7]. Similarly, polypyrrole doped 

with phosphoric acid was prepared. For pure polypyrrole 

sample the precipate of polypyrrole in its salt form is reduced 

by NaOH with distilled water and dried under vacuum for 6-8 

hrs. For thermal measurement, sample in the form of pellets 

(diameter 12 mm and thickness of approx. 2mm) was 

prepared by compressing the fine powder of polypyrrole 

under a load of 6 tons.  For pure polypyrrole sample the 

precipate of polypyrrole in its salt form is reduced by NaOH 

with distilled water and dried under vacuum. 

Samples S1 (pure ppy) S2 (HCl doped) & S3 (H3PO4 doped) 

were annealed at 200οC for four hrs( A1,A2&A3). For thermal 

measurement samples were prepared in the form of pellets 

(radius 6 mm and thickness of approx. 0.2mm), by 

compressing the fine powder of PPy under a load of 6 tons 

and then pellets were anneal then at a temperature 200οC for 

four hours.   
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Stru tural characterization 

 X-Ray Study:  

X-Ray diffraction pattern of pure and doped polypyrrole 

samples are shown in the Fig.1, show no sharp peak, which 

confirms the amorphous nature of the material. In annealed 

samples hump is slightly shifted towards low angle side. The 

annealing process removes the moisture content and 

impurities of the polymer chains & the probability of cross-

linking increases, which increases the particle size of these 

samples as compared to the as prepared samples.sharp peak, 

which confirms the amorphous nature of the material. In 

annealed samples hump is slightly shifted towards low angle 

side. The annealing process removes the moisture content and 

impurities of the polymer chains & the probability of cross-

linking increases, which increases the particle size of these 

samples as compared to the as prepared samples. 

 

 

 

Fig.1.XRD Spectra of acid doped polypyrrole (As 

prepared & annealed sample) 

 

Fourier transforms (FTIR) characterization:  

The FTIR spectra for these PPy - salt   are presented in   Fig2. 
The IR spectrum of annealed sample shows notable changes 

in the range of 3550-2950cm-1, 1400-1050cm-1 & 600-500cm-

1. These absorption bands are assignable to the OH bending 

vibration of H2O and these peaks are absent in the annealed 

samples, which indicates that  the  moisture content has been 

removed and indicate that there is changes in chemical 

structural after annealing.  

 

 

Fig.2 FTIR Spectra of acid doped polypyrrole (As 

prepared & annealed sample) 

 

SEM Analysis:   

SEM images are shown in the Fig3. it is shows that the 

particles are scattered irregularly through out the surface of 

polypyrrole pellet and are spherical in shape. This irregular 

distribution of particles makes these polymers highly porous. 

But due to protonic acid doping, the particles are regularly 

distributed and dispersed identically and distinctively through 

out the matrix and leading to a smoother surface & due to 

annealing process the particles are regularly arranges and 

dispersed identically and distinctively through out the matrix, 

leading to a smoother surface. Thus the obtained surface of 

the samples is non-fibrillar, noncrystalline and structure is 

similar to amorphous morphology. 
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Fig 3. SEM image of (As prepared (S2) & annealed sample 

(A2)) 

 

Thermal Properties:   

The variations of these two thermal transport 

properties with tempeture are shown in Fig.4 & 5. 
Simultaneous measurement of effective thermal conductivity 

and effective thermal diffusivity of pellet of pure polypyrrole 

& doped samples prepared at a equivalent load of 6 ton, were 

carried out from room temperature to 170οC. The variations of 

these two thermal transport properties with temperature are 

shown in Fig.4.  

(1)Temperature region below maximum: 

 In the temperature range (30οC - 110οC), the temperature 

dependence of effective thermal conductivity and effective 

thermal diffusivity is controlled by variation of phonon mean 

free path. As confirmed by XRD analysis these polymers are 

amorphous, where the chain defect scattering plays an 

important role in the development of thermal resistance. At 

temperatures in the vicinity of room temperature thermal 

conductivity increases very slightly, because of the presence 

of moisture content and chain defects surviving in the sample 

at the time of their preparation through sol-gel method. At low 

temperature certain chain defects such as bends in the chain, 

gaps between two chain in line, chains of smaller length than 

the others etc, scattering dominates [8], and the values of 

thermal conductivity are small. However, with rise in 

temperature, the values of thermal conductivity & diffusivity 

show increasing behavior.  With increasing the temperature 

the polymeric chains straighten out more and more therefore 

mean free path increases and thus the contribution to the 

thermal resistance decreases linearly with the rise in 

temperature. Besides this the initial increasing behavior of λe 

and χe is also due to decrease in moisture content in the 

sample with the increase of temperature. It is observed that 

among all three samples (S1-S3) the effective thermal 

conductivity (λe) of HCl doped polypyrrole is maximum. This 

is due to highest strength of the dopant acid (HCl). 

 

Fig. 4.Effective thermal conductivity of acid doped ppy 

(As prepared samples) 

 

 

 

Fig. 5 Effective thermal conductivity of acid doped 

samples (Annealed Samples) 

 

The values of effective thermal conductivity and effective 

thermal     diffusivity of as prepared & annealed samples at 

room temperature given in the table. 

Sample 
Effective thermal 

conductivity 

(W/mK) 

Effective 

thermal 

diffusivity 

(mm2/s) 

As prepared HCl 0.29 0.15 

 As prepared 

H3PO4 

0.27 0.12 

Annealed HCl 0.30 0.17 

Annealed H3PO4 0.29 0.15 

 

(2)Temperature region above maximum: 

In the temperature range (110οC -170οC) the values of λe 

and χe show slightly decreasing behavior with the increases in 

temperature. As temperature increases the different atomic 
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groups and small chain segments of polymer undergo thermal 

motion and start playing a dominant role. Also at high 

temperature weak bonds start breaking which create some 

vacant sites or micro voids. An enhanced phonon scattering 

with these vacant sites and voids give rise to a thermal 

resistance, which in turn is responsible for decrease in λe. Also 

at higher temperature an increase in the phonon – phonon 

scattering in the decrease of the effective thermal 

conductivity. 

The maximum value of λe at room temperature for the HCl 

doped PPy is 0.30 W/mK. The reason for this is the HCl is 

very strong acid, smaller molecule in size consisting of more 

ionic nature.   Due to small molecule in size this can easily 

move in polymer matrix and can attach itself in the backbone 

with a greater ease. The H3PO4 acid doped polypyrrole also 

follows similar mechanism, but has low acidic strength and 

bigger size of molecules 

The annealed samples are pre – dehydrated and as the heat 

passes in the material it causes thermal expansion of the 

polymer chains. This results in better contact between 

particles. The thermal vibrations are more coherently passed 

in the polymer, which is devoid of the moisture content as 

compared to the as prepared samples. Annealing is therefore 

important in deciding the duration of the processing of the 

polymer for product application.     

In the doping process the proton (H+) makes a bond with 

the imine (-NH=) group but the anions (M-) are just attached 

to the polymer backbone as counter ion. When PPy base is 

protonated by HCl then (-N=) sites become {(-N-) } + {Cl} - 

sites with (+) ive and (-) ive center, which may produce dipole 

structure. In this type of structure there is good possibility to 

transfer thermal energy and hence an additional increase in the 

values of λe and χe is observed. At higher temperature removal 

of dopant (Cl-) in the form of chlorine gas is more probable 

maximum feasible because of smaller size of anion over the 

other anions and hence a sharp decrease in λeand χe is 

observed. The H3PO4 acid doped polypyrrole also follows 

similar mechanism, but has low acidic strength and bigger 

size of molecules. Due to bigger molecular size, the molecules 

of H3PO4 can not attach with ease in the polymer backbone. 

Therefore, the degree of doping in this case is lesser, thus 

result is low value of thermal conductivity as compared to 

HCl doped PPy.  

Conclusion:   

The lowering of thermal properties i.e. λe and χe    of the doped 

samples is indicative of the fact that there is phase change in 

the range (110οC-170οC). It can be concluded that HCl doped 

sample is best as compared to other sample. 

After annealing process there is no degradation & no loss of 

dopant occurs. So it can be said that the annealing process 

plays important role in the thermal properties. From 

theoretical modeling it is clear that the agreement, between 

the predicated values of λe and χe using empirical relation and 

the result of experiment is very good. 
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