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Abstract: - Perfluorooctanoic acid (PFA) doped poly  (o-toluidine) (POT) was synthesized via chemical oxidative 

polymerization of o-toluidine with potassium peroxydisulphate as an oxidant. The role of doping on the structure and 

morphological changes in poly (o-toluidine) were characterized by FTIR, UV-Visible spectroscopy, cyclic voltammetric 

(CV), SEM, TGA, XRD, TEM and electrochemical impedance spectroscopy measurements and the results were 

analyzed. The solubility of perfluorooctanoic acid doped poly (o-toluidine) was studied in various solvents. It showed 

good solubility in DMSO, DMF, acetone, acetic acid, THF and Dicholomethane. The bands at 1765, 3326 and 1400 cm-1 

belonging to PFO are observed in the spectra of surfactant doped polymers. SEM analysis shows the change in the surface 

morphology of doped poly (o-touidine) was predominantly dependent on the concentration of the surfactant. Elemental 

analysis was done by EDAX which shows the presence of C, N, O and F. XRD pattern showed that the formation of 

nanosized (39nm) polymer. Cyclic voltammetric studies of the surfactant doped polymer exhibited one oxidation peak at 

376.3 and one reduction peak at -73.8 mV. Electrical conductivity of PFO doped POT increased with increase of the 

surfactant concentration. The X-ray diffraction (XRD) pattern and transmission electron microscopy (TEM) image 

showed that the formation of nano sized polymer. 

 

Keywords 

Poly (o-toluidine), Perfluorooctanoicacid, XRD, Cyclic Voltammetry, morphology. 

 

 

1. INTRODUCTION

 

Conducting polymeric materials contain conjugated bonds 

have attracted much interest in scientific and technological 

areas in recent years. The unique optical, electrical and 

chemical properties offer these materials to be used in 

electronic displays, telecommunication, biosensors [1] 

anticorrosion coatings, rechargeable polymeric batteries, 

electromagnetic shielding, polymer photovoltaic’s, 

polymer actuators [2, 3]. Among all conducting polymers, 

polyaniline is one of the most promising conducting 

polymers; but this is inherently brittle and has poor 

processibility, due to the insolubility in common organic 

solvents [4-6]. This problem has been overcome to some 

extent by using substituted derivatives of anilines such as 

o-toluidines, anisidines, N-methyl or N-ethyl anilines etc. 

[7-9]. In order to obtain additional insight into polyaniline, 

a methyl substituent has been used to block the ortho 

position of aromatic ring of aniline. It may be remarked that 

methyl-substituted aniline called o-toluidines has been 

found to have additional advantage over polyaniline due to 

its fast switching time between the oxidized and reduced 

states. POT was chosen as the conducting polymer owing 

to its higher processibility as well as solubility as compared 

with PANI [10]. Polymeric stabilizers (surfactant) affect the 

polymerization condition, kinetics and also the final 

properties of the polymer [11, 12].The role of non-ionic 

surfactants, e.g. those based on poly (ethylene oxide) and 

Triton X-100 (Tx-100) are less frequent and those dealing 

with cationic types are rare in the literature [13-15]. 

Suspension polymerization of aniline in the presence of 

dodecylbenzenesulfonic acid (DBSA) with styrene-

butadiene-styrene (SBS) and without SBS was carried out 

and result indicates that DBSA acts simultaneously as a 

surfactant (emulsifier) and as a dopant [16, 17]. Also 

surfactant affect on the morphology (degree of crystalline 

order and orientation) [17]. Particle size and conductivity 

can be decreased by increasing the concentration of 

stabilizer [18, 19]. The surfactants influence the physical 

properties (morphology, solubility) of the resultant polymer 

[20]. The presence of surfactants improves the colloidal 

solubility of conducting polymers in organic solvents [21-

23] and consequently, the processability [24, 25].  In the 

present paper, report the synthesis of POT-PFO by 

chemical oxidation polymerization in aqueous medium 

using KPS as an oxidant in the presence of various 

surfactant ratios. The effect of surfactant on POT, at 

different surfactant ratios and potential windows is 

investigated. FTIR studies have been performed to study 
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the structural changes due to the incorporation of dopant 

into polymeric chain. The surfactant changes the surface 

morphology of POT. It is also found that electrical 

conductivity of POT-PFO was better than that of undoped 

POT. This work is mainly focused on the contribution of 

perfluorooctanoicacid (PFO) micelles to the formation of 

stable dispersions of POT and characterization. 

 

II. EXPERIMENTAL SECTION 

 

2.1. Materials 

Perfluorooctanoic acid (PFO, surfactant) and potassium 

peroxydisulfate (KPS, oxidant) were purchased from merck 

AR grade and used as such without further purification. (o-

toluidine) was purified by distillation in vacuum before use. 

2.2. Synthesis of polymer 

PFO doped polymers were synthesized by keeping the 

concentration of the monomer (0.1 M) and the oxidant (0.1 

M) constant and varying the molar ratio of PFO (below 

cmc). Table 1 describes the synthetic conditions of the 

respective samples. Bulk polymerization was carried out by 

mixing various molar ratio of surfactant into 2.3 ml of 0.1 

M (o- toluidine) and made up to 250 ml using conductivity 

water. Polymerization was performed by toluidine) the 

addition of potassium peroxodisulphate (0.1 M) in the 

micellar solution and stirred for 5 hrs. As the 

polymerization proceeded, the color of the solution changed 

to white through yellow, brown and finally to green, which 

indicates the formation of emeraldine salt (ES). The 

precipitated particles were collected after filtering and 

washing with distilled water then dried at room 

temperature.  

2.3. Characterization 

FT-IR spectra (model: SHIMADZU) of the polyaniline 

samples were recorded in the frequency range from 400 to 

4000 cm−1. UV-Vis spectra of the samples in DMSO were 

taken using JASCO-V530 dual beam spectrophotometer in 

the wavelength region 200 to 1100 nm with a scanning 

speed of 400 nm/min. X-ray diffraction patterns of the 

polymers were obtained by employing XPERT-PRO 

diffractometer using CuK_ (k_ = 1.54060) radiation. The 

diffractometer was operated at 40 Kv and 30 mA. Powder 

X-ray diffraction pattern was recorded. The morphological 

study of the polymers were carried out using scanning 

electron microscope (SEM Model: JEOL JSM 6360) 

operating at 25 kV. The electrochemical workstation 

(model 650C), CH-Instrument Inc., TX, USA was 

employed for performing Cyclic voltammetry and 

impedance studies. The particles size were studied using 

TEM instrument (Model: PHILIPS–CM200) operating at 

20–200 kv with a resolution of 2.4 Å. The percentage 

solubility of the polymers were determined by weight loss 

method (W/V  

%). 

 

III. RESULTS AND DISCUSSION 

 

3.1. Solubility 

The solubility of perfluorooctanoic acid (PFO) doped poly 

(o-toluidine) was studied in various solvents. The solubility 

percentage of PFO doped polymers are presented in the 

table 2. The percentage of solubility increases with 

increasing the concentration of the surfactants. This 

behavior was more advantageous for further processing of 

doped POT.  

3.2. IR spectra 

The FT-IR spectra of the synthesized polymer in the 

presence and absence of surfactants are given in Fig.1. The   

FT-IR spectra of pure POT are shown in fig.1 (f). The 

skeletal vibrations of the aromatic rings show two bands at 

1598 and 1498 cm-1, which are  attributed to C=C 

stretching vibrations of quinoid and benzoid ring 

respectively [26, 27]. The intensity of quinoid ring 

stretching vibrations relative to the intensity of benzoid ring 

stretching vibrations is considered to be a measure of the 

degree of oxidation of the polymer [28]. The intensity of the 

band at 1598 cm-1 is higher than that of the band at 1498 

cm-1 indicating the presence of predominantly quinoid 

rings in POT ( the polymer exit in its completely oxidized 

state) [28-30]. The shoulder at 1330 cm-1 and a weak peak 

at 1265cm-1 are assigned to C-N stretching vibrations of 

quinoid and benzoid rings, respectively, as reported [31, 

32]. The peak at 1265cm-1 originates from the C-N 

stretching vibrations associated with the oxidation or 

protonation (doped) states in POT. The signal due to C-H 

in plane bending vibrations is observed at 1114cm-1. The 

peak at 879cm-1 has been assigned to 1, 2, 4-trisubstituted 

aromatic rings indicating polymer formation [33]. The 

signal at605cm-1 is due to C-H out of plane bending 

vibrations. The new band appears at 1197cm-1 which could 

be attributed to the –CH3 rocking mode. The surfactant 

doped polymers have similar peaks of undoped POT but the 

stretching frequency values are shifted. The bands at 1765, 

3326 and 1400 cm-1 belonging to PFO [34] are observed in 

the spectra of surfactant doped polymers. The relative 

intensity of these bands increases with increasing the 

surfactant content in the polymer. Hence FTIR shows 

surfactant well doped with the polymer. 

3.3. UV-Vis spectra 

The UV-Vis spectra of surfactant free and PFO doped POTs 

were recorded in DMSO and are shown in Fig. 2. The first 

absorption band appears in the region of 302-310nm is 

assigned to the π-π* transition of the benzenoid ring. It is 

related to the extent of conjugation between the phenyl 

rings along the polymeric chain. The absorption band at 603 

nm correspond to n-π* transitions and insulating 

pernigraniline phase of the polymer [35].The absorbance 

band appears in the region of 805-817nm assigned to 

polaron form (surfactant doped POT).The peak in the 

visible range also confirms the presence of doped state of 

conducting polymer. The band at around 346nm is 

considerably blue shifted which indicates the interaction 
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between POT and the surfactant. The intensity of 

absorption band increases with the increasing PFO content. 

 

3.4. SEM analysis 

The SEM micrograph of PFO doped and undoped POT is 

shown in the fig.3. The SEM micrograph of undoped POT 

in Fig. 3(a) exhibits a granular structure [36]. Fig. 3(b) 

showed the tube like structure for POT 1. In the case of POT 

2 showed globular structure (fig. 3(c)) with more pores in 

the polymer matrix and segregated spherical morphology 

(fig. 3(d)) is observed for POT 3. Fig. 3(e) depicts the 

granular structure for POT 4 and POT 5 showed the flower 

like structure shown in the fig. 3(f). The size and 

homogeneity of the particles are dependent on the type and 

concentration of surfactant. The variation in morphology of 

the doped POT was predominantly dependent on the 

concentration of the surfactant. Fig.4 Shows the EDS 

spectroscopy for the undoped and PFO doped POT. It can 

be seen from line a for the undoped POT, only peaks 

corresponding to C and N elements were displayed. While 

for the PFO doped POT, besides above peaks, peaks 

corresponding to C, N and F were also clearly observed, 

suggesting that F element originated from PFO was doped 

into the polymer. 

3.5. XRD analysis 

The results of X-ray diffraction are shown in Fig. 5. XRD 

patterns of surfactant doped samples show the semi-

crystallinity (Figure 5). The concentration of the surfactant 

increases due to the increase in crystallinity of the sample. 

XRD patterns of undoped POT sample shows an 

amorphous hump around 24o and the particle size is 53nm. 

The particle size of POT 1 is 39 nm, while in the case of 

POT 5 it is 74nm. Particle size and conductivity can be 

decreased by increasing the concentration of stabilizer. The 

variation in diffraction intensity with dopant concentration 

exhibits with the interaction of PFO in POT network. 

3.6. Cyclic Voltammogram 

Cyclic voltammograms of POT and PFO doped POT were 

recorded in the potential range from -0.6 to +1.2 V (Fig. 6). 

The surfactant free POT exhibit three oxidation peaks. The 

peak appeared at 992.2 mV corresponds to the oxidation of 

the monomer.  The peak 279.4 mV was attributed to the 

transformation of POT from the reduced leucoemeraldine 

(LE) state to the partially oxidized emeraldine state (ES) of 

POT. The peak at 610.6 mV due to the presence of   

quinine/hydroquinone [37-39]. The surfactant doped POT 

also shows one redox peak around 376.3/-73.8 mV. The 

cathodic and anodic peak positions of PFO doped POT 

shifted and increases the peak current  with increasing the 

concentration of the surfactant were shown in the curve 

from (e-a). This increase in current was due to fast redox 

process at POT-PFO matrix surface. As the scan rate 

increases the peak current of polymer increased linearly, 

indicating an adherent film on the glassy carbon electrode, 

was further confirmed by a straight line graph obtained by 

plotting peak current Vs scan rate as shown in Fig. 7. 

3.7. Impedance spectra 

The Nyquist plots of PFO doped and undoped POT in 0.1M 

H2SO4are shown in fig.8. The diameter of the semi-circle 

gives an approximate value of the charge transfer resistance 

(Rct) of the POT/electrolyte interface. The charge transfer 

resistances (Rct) and Cdl values are presented in table 3. It 

can be observed that Rct value increased with a decrease in 

surfactant concentration. The polymer doped with 

maximum PFO (POT 1) gives maximum conductivity 

3.8. TGA/DTA 

The thermo gravimetric analysis of POT and surfactants 

doped POT are shown in fig.9. It is generally known that 

three weight loss steps are observed in the TGA 

measurements for poly (o-toluidine) and surfactants doped 

POT. The thermo gravimetric analysis exhibits a three step 

loss in the range of 360C-702 0C for POT. The first weight 

loss starts from room temperature to 315oC corresponds to 

the loss of water molecule/moisture and dopant (HCl) 

present in the polymer matrix. The TGA curve does not 

show appreciable change in weight of sample up to 315 oC. 

The weight loss after 461.17 oC corresponds to degradation 

of the polymer backbone [40].  Fig. 9 (b) shows 32.5% 

weight loss (37.02 -162.47oC) is assignable to the loss of 

water molecules. In the second step (162.47-298.21oC), 

elimination of loosely bounded dopant (surfactant) is 

expected. The weight losses after 478.06 oC corresponds to 

degradation of the polymer backbone [41]. 

 

 

3.9. TEM 

TEM images of surfactant doped POT is shown in the fig. 

10. The figure shows that it is rod like structure and the 

particles were found to be in nano range. In the image the 

dark portion which is rod in nature are the surfactant and 

the grey areas is showing the polymer chain. Hence it is 

clear from the micrograph that the surfactant molecules are 

incorporate into the polymer.  

  

IV. CONCLUSION 

 

The absorption band in the region 805-817 nm indicates the 

doped state of POT. The FT-IR shows the peak at 1598 cm-

1 was shifted to 1589 cm-1, which indicates the interaction 

between polymer and the surfactant. The SEM micrograph 

reveals distinct morphological features of PFO doped POT.  

EDAX confirmed the incorporation of PFO in POT. XRD 

results reveal that the high concentration of surfactant 

exhibit the particle size 39 nm and at low concentration of 

surfactant exhibit the particle size  74 nm. Electrochemical 

behavior was studied by CV and exhibit one oxidation peak 

at 376.3 mV and one reduction peak at -73.8 mV. The 

electrical conductivity was measured and POT 1 shows 

higher conductivity, which was confirmed by impedance 

spectra. The thermal stability of PFO doped POT is higher 

than that for the pure POT. TEM image confirmed the nano-

sized particle.  
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Table 1. Synthetic conditions of doped and undoped 

 

Table 2. The range of percentage solubility of PFO doped 

POT (POT 1 – POT 5) in various solvents 

Solvent % solubility 

DMSO 100 

DMF 100 

Acetone 82-85 

Aceticacid 76-79 

Dichloromethane 71-76 

THF 84-88 

Water 30-34 

Toluene 43-47 

Xylene 40-45 

Table 3. Impedance parameters of PFO doped and 

undoped POT 

Polymer Rct(Ωcm2) Cdl(µFcm-2) 

POT (pure) 2297.8 0.0606 

POT 1 390.4 2.3400 

POT 2 445.6 1.7057 

POT 3 980.8 0.3361 

POT 4 1442.0 0.1566 

POT 5 1666.8 0.1166 
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Fig.1. FT-IR spectra of a) POT 1 b) POT 2 c) POT 3 d) 

POT 4 e) POT 5 f) POT (undoped) 

 

  

 
Fig.2. UV-Vis spectra of a) POT 1 b) POT 2 c) POT 3 d) 

POT 4  e) POT 5 f) POT (undoped) 
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         Fig.3. SEM photographs of a) POT (undoped)  

b) POT 1 c) POT 2  

d) POT 3 e) POT 4 f) POT 5 

 

 
Fig.4. EDAX behaviour of 

a) POT (undoped)  b) POT 1 

 
Fig.5. XRD of a) POT 1 b) POT 2 c) POT 3 

d) POT 4 e) POT 5 f) POT (undoped) 

 
Fig.6. Cyclic voltammogram of a) POT 1 b) POT 2 

c) POT 3d) POT 4 e) POT 5 f) POT ( undoped) 

 
Fig.7. a) CV taken at various scan rates for POT 1 

b) Plot of anodic current Vs scan rate for POT 1 

 

 

 
Fig.8.Impedance spectra of a) POT 1 b) POT 2 

c) POT 3 d) POT 4 e) POT 5 f) POT (undoped) 
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Fig.9. TGA/DTA images of 

a) POT (undoped) b) POT 1 

 
Fig.10. TEM image of POT 1 

 

 

 

 

 


