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Abstract: Electronically conducting polymers such as polyaniline (PANI), polythiophene (PTh), 

polypyrrole (PPy) have become the subject of increased research interest due to a great variety of 

applications in many fields such as electrochromism, electroluminescence, sensors and energy storage 

systems etc. Among these conducting polymers special interest has been focused on polypyrrole due to its 

excellent thermal and environmental stability combined with relatively high level of electrical conductivity.  

 In the present research work considerable effort have been made to modify the structure of 

polypyrrole by doping it with 3-pyridine sulfuric acid (PSA) and 4-sufobenzene acid potassium salt (SBA) 

to study its dynamic electrical and mechanical properties. For this the polymer, polypyrrole  was 

synthesized by chemical oxidation polymerization method. In this synthesis, 1M aqueous solution of pyrrole 

was mixed with aqueous solution of ammonium peroxydisulphate used as an oxidizing agent. Further 

modified polypyrrole was synthesized by doping it with 3-pyridine sulfuric acid (PSA) and 4-sufobenzene 

acid potassium salt (SBA). The reaction was stirred for 4 hours with a magnetic stirrer to get products as a 

precipitated. The resulting products were vacuum filtered and the precipitate was washed with copious 

amounts of AR grade distilled water to remove impurities. The polymers, polypyrrole doped with 3-pyridine 

sulfuric acid(PSA),4-sulfobenzene acid potassium salt (SBA) were dried in desiccators over night and again 

dried in oven at 40 – 450 C.  

  

Index Terms -  pyrrole, ammonium peroxydisulphate, polypyrrole A.R. grade distilled water etc 

 

1. INTRODUCTION 

Polymer are macromolecule developed by the connecting of enormous number of a lot littler atoms. 

The littler particles that join with one another to frame polymer atom are named monomers and responses 

by which they consolidate are named polymerization.[1] In nature, unadulterated PPy with benzoid structure 

is a protector and it should dope with oxidant so as to function as a semiconductor.. Various sorts of anionic 

dopants, for example, p-toluene sulfonate (PTS),dodecylbenzene sulfonate (DBS), chloride (Cl-), sulfate 

(SO4
- - ), tetrafluoroborate (BF4

–) and perchlorate (ClO4
–) are basic Molecular size and charge of dopant are 

the primary factors that impact the conductivity [2]. Among all the directing polymers polypyrrole is the 

most generally contemplated leading polymer in view of its effectively oxidizable nature, water solvency, 

business accessibility, high conductivity, best ecological dependability and redox properties.[3] Almost 

these properties rely on the strategy for planning of polypyrrole just as upon the idea of dopant used.[4] 

Polypyrrole was the primary polymer indicating high conductivity among all the leading polymers. It was 

first integrated in 1916 and has a tremendous assortment of utilizations as in biosensors[5], gas sensors[6], 

coatings[7], wires[8], electrolytic capacitors[11], microactuators[9] and battery electrodes[10] Chemical 

oxidative polymerization is simple, cheap and fast. It can easily be scaled up. Electrochemically synthesized 

PPy normally exhibits very poor solubility in all common organic solvents and in water. This limits its 

processability. To overcome these disadvantages, attempts are made by introducing counter-ions into the 

polymers backbone. Protonation with an organic acid increases solubility, electronic structure, and 

crystallinity of PPy [18]. To promote the solubility and processability of PPy, various substituted monomers 

were proposed to reduce the strong intermolecular interaction between conducting polymer chains in the 

doped state [19]. But long-chain substituents attached to the monomer ring due to steric interference alters 

the planarity of the polymer structure. This can be achieved by doping polymer with organic acids such 3- 

pyridine sulfonic acid and 4-sulfo benene sulfuric acid. The presence of organic sulfonic acid as counter-ion 

in the polymer strongly affects the conductivity, morphology and thermal stability of bulk PPy [20].Hence 

the presented study is aimed to synthesis of PPY containing various inorganic and organic dopants, 

http://www.jetir.org/


© 2020 JETIR February 2020 , Volume 7, Issue 2                                                     www.jetir.org (ISSN-2349-5162) 

JETIRDI06033 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 169 
 

investigation of yield of product while increasing percentage of dopent and analysis of FTIR spectra and 

NMR spetra of the prepared polymer. Analysis of yield percentage variation with dopant. 

 

2. EXPERIMENTAL METHODOLOGY 

Chemicals:- Pyrrole ( 98% pure sigma Aldrich)  Ammonium per sulphate (APS) as oxidant, 4-

``sulfobenzene acid potassium salt, 3 pyridine sulfonic acid as a dopent, deionised water as neutral solvent 

are used for synthesis. 

2.1 Preparation of undoped polypyrole powder. [SPPY] 

For synthesis of polypyrrole by chemical bath method, primarily all apparatus were washed with 

deionised water , rinse in acetone. Pyrrole is used as monomer for preparation of polypyrrole powder. 

Monomer is prepared by using 1M pyrrole in deionised water. Oxidant solution was prepared 1M 

concentration of APS in deionied water. The ration of monomer to oxidant was kept 1:2. which means the 

polymerization proceeds in excess of oxidizing agent. Firstly, Monomer solution was added drop wise in an 

oxidant solution reaction being carry out at room temperature at 250c .  During precipitation heterogeneous 

reaction occur. Polypyrrole produced was kept unagitated for 24 hours, so that polypyrrole powder settle 

down at bottom. The polypyrrole powder filter out under vacuum and washed with distilled water several 

times to remove any impurities present. Polypyrrole dried for 2 days at room temperature.  

 

2.2 Preparaton of dopped polypyrrole using following dopant  

 

      2.2.1  By using dopant -3- pyridinesulfonic acid.(E2) 

 

  The composites powder were prepared by same procedure mention above only dopant-3-pyridine 

supfonic acid with 10%,20%,30%, 40%, 50%,60% w/v added in pyrrole solution before addition of oxidant 

solution. For example, synthesis A2,B2,C2,D2,E2,F2  in Table 4. Then dopped powder were obtained. After 

24hrs it was filtered and washed with distilled water several times to remove any impurities present in it. 

Doped polypyrrole powder dried for 2 days at room temprature. 

 

     2.2.2 By using dopant -4-sulfobenzene acid potassium salt.(E3)  

 

(a) pyrrole as amonomer; (b) ammonium persulfate (APS) as oxidizing agents and (c) 4-

sulfobenzene acid potassium salt as doping agents. All of these chemicals were reagent grade (Sigma–

Aldrich). 

The polymerization was carried out either in neutral solution such as deionised water . An overview 

of synthesized materials is summarized in Table 3. Typical molar ratio of pyrrole:oxidizing agent:doping 

agent (when present) was 1:2: dopant 4-sulfobenzene acid with 10%, 20%, 30%, 40%, 50%, 60% w/v, 

which means the polymerization proceeds in excess of oxidizing agent. For example, synthesis 

A3,B3,C3,D3,E3,F3  in Table 3 proceeds as follows: 

 Firstly 1M of pyrrole was added drop wise in dopant at different percent w/v stirred for 4Hrs with 

magnetic stirrer until pyrrole and dopent agent completely dissolved. and  then polymerization take place on 

drop wise addition above mixture in 1M of oxidant APS and   were added to 100 ml of distilled water at 25 

◦C. This mixture was stirred continuously with the help of magnetic stirred for 4Hr until pyrrole and oxidant 

dopent mixture completely dissolved. Doped Polypyrrole produced was kept unagitated for 24 hours, so that 

polypyrrole powder settle down at bottom. The polypyrrole powder filter out under vacuum and washed 

with distilled water several times to remove any impurities present. Polypyrrole dried for 2 days at room 

temperature.  
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Table1  

Overview of synthesized PPY materials. The SO42−  dopants are residuals of APS  . 

 
 

Synthesis no.                       Oxidizing agent                   Doping agent                                  Dopants awaited in product 

SPPY                                         APS                                      -----------                                                 SO4
-2 

E2                                                   APS                                         3-PSA                                                   Anion 3-PSA, SO4 2− 

 
 

E
3                                                          APS                                       K+ (4-SBA)                                          Anion4-SBA,  SO4

-2 

---------------------------------------------------------------------------------------------------------------------------------- 

3. RESULT AND DISSCUSSION 

 

Effect of  Yield of Product on concentration of oxidant and dopant 

 

3.1 Preparation of undoped polypyrrole using monomer and oxidant 
 

 The  yield is given as follows in table.2 

 
Sr.no. Monomer (1M) Oxidant (14ml) with different concentration Yeild in gram Yield in percentage 

1 7ml 0.5M 0.16 2.54 

2 7ml 1M 0.22 2.79 

3 7ml 1.5M 0.36 3.80 

4 7ml 2M 0.51 3.9 

5 7ml 2.5M O.60 4.0 
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Fig:1: Effect of conc. Of oxidant on yield of Sppy 

 

3.2 Preparation of doped polypyrole using monomer and oxident 

 The  yield is given as follows in fig.2 Table no. 3 
Sr. No. Monomer (1M) Oxidant (1M) Dopent in (w/v) Yield in gram % of Yield  

A3 7 ml 14 ml 10 % 0.69 gm 5.86 

B3 7 ml 14 ml 20% 0.80 gm 6.41 

C3 7 ml 14 ml 30% 1.29 gm 9.70 

D3 7 ml 14 ml 40% 2.21 gm 15.90 

E3 7 ml 14 ml 50% 3.68 gm 25.5 

F3 7 ml 14 ml 60% 4.52 gm 29.60 

 

 
 

Fig.2: Effect of percentage of dopant (w/v) on yield of doped polypyrrole ( using dopent 4-sulfobenzene acid potassium salt).  

 

3.2 Preparation of doped polypyrrole using Monomer and oxident  

 

 The  yield is given as follows in fig.3. Table no.4 

 
Sr No. Monomer Oxidant Dopent Yield Yield % 

A2 7 ml 14 ml 10 % 0.47 gm 3.90 

B2 7 ml 14 ml 20% 0.57 gm 4.57 

C2 7 ml 14 ml 30% 0.62 gm 4.70 

D2 7 ml 14 ml 40% 0. 67 gm 4.83 

E2 7 ml 14 ml 50% 0.76 gm 5.21 

F2 5 ml 10 ml 60% 0.87 gm 5.89 
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Fig.3: Effect of percentage of dopant (w/v) on yield of doped polypyrrole ( using dopent 3- pyridine sulfuric acid ).  

 

3.4 Fouries transform infrared (FTIR) investigation 

  The IR studied of undopped polypyrrole 50% w/v in doped PPY/4-SBA potassium salt  and 50% 

w/v doped PPY/3-PSA  composites synthesized in present research work are given in FTIR spectra 1,2,3. 

 

 

 
 

 

 

0

1

2

3

4

5

6

7

1 2 3 4 5 6

Yield %

Dopent

RC SAIF PU, Chandigarh

  Preeti GR-1.sp - 9/24/2018 - E2 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

64.0

65

66

67

68

69

70

71

72

73

74

75

76

77

78.0

cm-1

%T 

3442.0

2398.2

1629.7

1554.8

1480.5
1399.7

1319.0

1220.3
1178.0

1049.4

919.0

792.1 631.6

611.7

521.5

434.9

411.6

RC SAIF PU, Chandigarh

  Preeti GR-2.sp - 9/24/2018 - E3 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

55.0

56

57

58

59

60

61

62

63

64

65

65.5

cm-1

%T 

3445.3

2808.3
2644.1

1718.0

1401.1

1217.4

1136.5

1041.0

1011.6

862.5

769.2

718.6

693.4
643.1

604.8

566.1

RC SAIF PU, Chandigarh

  Preeti GR-3.sp - 9/24/2018 - SSPY 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

64.0

66

68

70

72

74

76

78

80

82

83.0

cm-1

%T 

3423.8

2804.4

1629.2

1563.7

1481.6

1399.0

1296.8

1217.5
1178.0

1052.3

928.1

798.1 630.0
609.4

520.6

418.0

http://www.jetir.org/


© 2020 JETIR February 2020 , Volume 7, Issue 2                                                     www.jetir.org (ISSN-2349-5162) 

JETIRDI06033 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 173 
 

Table 5. :- Vibrational frequenes of FTIR spectra  

 

Polymer composite 
 

Position of absorption maxima (cm-1) 

 N-H 

streching 
Ar-H C=C streching 

C=N 

streching 

C=C-H 

bending 

Pure PPY ( SPPY) 3423.8 2804.4 cm-1 1563.7 cm-1 1178 cm-1 928.1 cm-1 

PPY (E2) 50% doped   3- 

pyridine sulfuric acid 
3442.0 2398.2 cm-1 1554.8 cm-1 1178.0 cm-1 919.0 cm-1 

PPY/ E3 50% doped   4- 

sulfobenzene acid 
3445.3 

2808.3 cm-1 

2644.1 cm-1 
1401.1 cm-1 1041.0 cm-1 862.5 cm-1 

 

The polypyrrole powder prepared in different ways were analysed by FTIR. FTIR spectra showed 

the main characterestics peaks at  1563.7 cm-1, 1554.8 cm-1, 1401.1 cm-1, corresponding to the fundamental 

vibrations of polypyrrole ring. These six principle bands are characteristics to represent N-H, Ar-(C=C-H), 

C=C, C-N, C-C streching vibration and C=C-H bending vibration respectively. The band at 2804.4 cm-1 

correspond to C-H deformation. 

Other low intensity peak are observed at around 2398.2 cm-1, 2644.1 cm-1 which can be attributed to 

aromatic C-H streching vibration. The peak at 1629.2 cm-1 and 1052.3 cm-1 represents C=N and C-H bonds 

the bond of C-H in plane deformation vibration is situated at 928.1 cm-1 and of the C-C out of plane ring 

deformation vibration or C-H rocking is at 681 cm-1 which occue at 693.4 cm-1 in our spectrum. The FT IR 

spectrum (Fig 1) of the polypyrrole showed charge carries bipoloron bonds at 921.6 and 1207 cm-1 

indicating that the PPY formed is in the oxidized state [12,13]. The peaks between 1551 and 1463.8 cm-1 are 

assigned to fundamental variation of pyrrole rings [14,15]. The peak 3423.8, 3442.0 cm-1 is assigned to N-H 

streching vibration from pyrrole in fig 1,2,3. It is observed that the bands obtained a how vibrating 

frequiences are shift  to lower frequency region. This indicated that there is increased in conjugation due to 

doping which is responsible for vibration in conducting properties of the material. 

 

3.5 NMR spectra of SPPY/ doped PPY 

 

 The NMR spectroscopy is an important tool for structural determination of any chemical compound. 

It easily recognizes the aromaticity and conjugation in the substance. It also gives information of 

hetroatomic chemical environment. 

The NMR studies of  SPPY ,  PPY/3-PBA(E2) ,PPY/4-SBA(F3) synthesized in present work are 

determined by Bruker advanced II NMR spectrometer,SAIF,Panjab university, Chandigarh. The NMR 

spectra given in the fig.1,2,3 which revealed that NMR spectra of SPPY ,  PPY/3-PBA , PPY/4-SBA shows 

three distinct peaks. The first peak is obtained  forC=C-H proton at δ 2.5096, 2.5096, 2.5096 in SPPY 

,PPY/3-PBA , PPY/4-SBA respectively.The N-H stretching δ is 3.3940,3.5695 in SPPY ,  PPY/3-PBA 

respectively.The peak correspounding to aromatic proton is observed that δ 7.1002 in SPPY, (t) 7.1005, (dd) 

8.90,(dd) 8.70,(dd) 8.32 indicate that dopant 3-PBA present in the structure. When 4-SBA used as dopant it 

is observed that no peak atN-H but aromatic hydrogen peak obtained at (t) 7.13 (dd)  7.73,(dd) 7.79 indicate 

that aromatic compound such as 4-sulfobenoic acid potassium salt  used as dopent in it. The increase in δ 

value of aromatic proton may be due to presence of hight concentration of anionic dopant ions in the 

structure chain after doping . The change in position of aromatic proton may be a consequence which highly 

affects the conductivity of the sample. 
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3.6   X-Ray Diffraction Analysis  

               One of the most significant procedures utilized for partical characterization is XRD. This 

technique is regularly used to analysed the morphology, size and state of particles. Irregular examples of 

particles will offer ascent to certain X-ray diffraction [21]. The regular X-ray diffraction designs for PPy 

particles synthesized with Simple ppy, 50%(w/v), doped PPY/3-PSA, 50%(w/v) doped PPY/4-SBSA 

potassium salt are appeared in Fig. 1,2,3. The entirety of the XRD spectra of the PPy tests and the relating 

composites show wide peaks over the range 2θ = 15-30o and an amorphous structure. The outcomes are like 

those revealed in past examinations [22, 23]. The PPy sample synthesized without dopants exhibited a 

peak(at 100% intensity) showed at 2θ = 26.240 is appeared in fig.1. The PPy/3-PSA composites and PPY/4-

SBA potassium salt in fig.2 and fig.3 showed a few broad peak that are like those of PPy along, but with 
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different peaks positions(at 100% intensity)  at 2θ = 17.020 ,25.00 0 respectively . In addition to the peak 

shift from 26.240 to 17.020, Fig. 2  also demonstrates that the peak that formed was sharper than that shown 

in Fig.1. Furthermore, Fig. 3 shows the peak area at 25o. This finding indicates that the dopants was present 

in the structure of PPy. The presence of a dopant can generally cause changes in the position and shape of 

X-ray diffraction peaks. Such changes are caused by corresponding changes in the shape, size and density of 

the particles examined[24]. However the diffraction peak centered at around 26.24° for pure pyrrole shows 

some displacement when we go to the doped ones. In general the doping leads to shift the peaks toward the 

lower angle, being lowest for Ppy doped with 3-PSA (17.02°) and with 4-SBA (25.000). This indicates that 

the inter planer spacing increases with the addition of dopants. This would make the chains get apart from 

each other due to the large sizes of the dopant molecules. 

 

                        Table:6  X ray Peak Positions of Ppy and with dopants. 

 

Sample  X ray peak position at 100% intensity 

Simple Polypyrrole  26.24°  

Polypyrrole doped with 3-PSA 17.02°  

Polypyrrole Ddoped with 4-SBA 25.00°  

                               

                  

 

 
 

Fig:1: X-ray diffraction patterns of PPy undoped+APS 

 

 
Fig:2: X-ray diffraction patterns of PPy doped PPY/3-PSA             Fig:3: X-ray diffraction patterns of PPy doped  

                                                                                                               4-SBA potassium salt 

    

                                                                                                                                         

 3.7 SEM Morphology 

  

The molecule size of PPy was estimated with scanning electron micrographs (SEM).  

The SEM micrograph is introduced in Figure 1. Little minimal globular particles of PPy with conveyance 

measurements in the scope of 5-20 micron were observed. Doped ppy( 4-SBA) in the grains are 

exceptionally agglomerated profoundly sporadic shape a few grains are unpredictable in structure some of 

them are prolonged and some are round fit as a fiddle.Is presented in fig.2 
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Fig. 1 : SEM micrograph of                 Fig. 2 : SEM micrograph of Doped       Fig. 3: SEM micrograph of  

             polypyrrole                                           PPY(4-SBA)                                         DopedPPY(3-PSA)                   

                                                                                

 

               When dopants were utilized during the polymerization with APS, the measures of the granules 

were seen as various. SEM pictures of the PPy particles doped with various dapants of 3- PSA and 4-SBA 

potassium salt  are introduced in SEM picture. It tends to be seen that every convergence of 4-SBA offered 

ascend to granular PPy particles, in spite of the fact that the molecule size fluctuated with the dopant 

fixation. The PPy/4-SBA particles are plainly littler than the undoped PPy particles (16). The normal 

molecule size differed with the surfactant/dopant proportion since this proportion influences the consistency 

of the arrangement and in light of the fact that the surfactant and dopant likely adsorb onto developing 

polypyrrole particles [17]. Doped ppy( 3-PBA) in which there is development of totals of particles which 

might be expected to the expanded interchain connection. Is presented in fig.3 

 

4. CONCLUSION 

 

          PPY/3-PBA and PPY/4-SBA potassium salt were synthesized at various concentration of dopant. 

FTIR and NMR imaginging confirmed that the dopant used was present in the structure of the polypyrrole 

particles. It was found that the dopant concentration affected the resulting particles size and also affect 

conductivity as supported by SEM image . Morphology of thin film were analysed by SEM. It shows 

change in morphology after doping. XRD spectra demonstrate that amorphous composite polypyrrole 

particles were formed. 

            Various factor such as concentration of oxidant and dopant reaction temperature affect on the yield 

of products.At present work it is observed that increasing molar concentration of oxidant with respective 

monomer the yield of polypyrrole increases. And also with fix monomer:oxidant ratio 1:2, increasing 

concentration of dopants yield of polypyrrole increases gradually. 
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