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Poly(o-Toluidine) (POT) and POT-doped multiwalled carbon nanotubes (MWCNTs) were successfully prepared by in situ 
chemical oxidative polymerization in an acidic medium with ammonium persulfate (NH4)2S2O8 as oxidant. MWCNTs were 
used at different weight ratios as reinforcement to improve the mechanical and electrical properties of POT. Scanning 
electron microscopy, X-ray diffraction, and Fourier transform infrared spectroscopy analyses were conducted to 
characterize the morphology, structure properties and functional groups of the prepared samples. The electrical conductivity 
of POT and POT–MWCNTs was measured by two-probe method at room temperature. The electrical conductivity increased 
with increasing weight ratio of MWCNTs, that is, from 3.93×10

-6 
S/cm in the nanocomposite with 0 wt% MWCNTs to 

2.36×10
-5

 S/cm in the nanocomposite with 0.3 wt% MWCNTs. The tensile strength and hardness of the POT and POT–
MWCNTs nanocomposite samples were also measured.  
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1. Introduction 
 

Conductive polymers are characterized by unique 

properties, mix between metals and conventional polymers 

properties [1]. Poly(o-Toluidine) (POT) is one of the most 

famous conductive polymers and has been widely 

investigated. However, POT has few applications due to 

their poor processability and mechanical properties [2,3]. 

In this regard, POT is mixed with one or more other 

materials to create a POT composite with different 

physical properties and improved mechanical properties 

[4][5].  

Many researchers have successfully prepared POT 

composites with improved mechanical properties [6]. 

However, mixing POT with conventional polymers 

negatively affects the electrical properties of conductive 

polymers. To improve the mechanical and electrical 

properties of POT composites, scholars have used 

multiwalled carbon nanotubes (MWCNTs) as 

reinforcement in POT [7][8][9]. 

A POT–MWCNTs nanocomposite comprises POT 

matrix and MWCNTs that possess unique properties, as 

instance, electrical percolation behavior [10], electrical 

conductivities [11] [12], Field Emission and mechanical  

properties [13][14], which cannot be obtained when using 

each material alone. Polymerization in the presence of 

MWCNTs leads to a planar conformation of POT along 

the tubes. As such, POT–MWCNTs with unique electrical, 

thermal, and mechanical properties have become a 

potential candidate for a wide range of organic electronic 

applications [10][11]. 

In this study, we prepared POT and POT–MWCNTs 

nanocomposites by site polymerization methods with 

different weight ratios. Electrical conductivity, structure, 

and mechanical properties of the samples were evaluated 

to determine the effect of MWCNTs on the fabricating of 

POT–MWCNTs nanocomposites. 

 

 

2. Experimental 
 

The MWCNTs (diameter 10-30 nm, crystallite size 

4.82 A
o
 and electrical conductivity 10

6
 S/cm) was used, 

the as received MWCNTs were functionalized following 

the route reported by Kulkarni et al. [16].   

POT was prepared through the following methods. In 

brief, 2.5 g of o-toluidine was added to 100 ml of 1 M 

HCl, placed in a three necked flask, and subjected to in 

situ oxidative polymerization at 273 K by use ice. 

Subsequently, 15 g of ammonium persulfate was dissolved 

in 50 ml of 1 M HCl in a separatory funnel and carefully 

added dropwise to the o-toluidine/HCl solution under 

constant stirring at 273 K for 30–40 min. The temperature 

of the solution during the interaction was maintained at 

273 K. The combined solution in a three-necked flask 

constantly stirred at room temperature for 24 h. A dark 

green solution was obtained as precipitate and washed 

with distilled water and methanol three times. The 

precipitate was then dried in oven at 353 K to obtain dark 

green POT.  

POT–MWCNTs nanocomposite was prepared using 

the same steps but the o-toluidine/HCl solution was added 

with MWCNTs at different weight ratios (0.1, 0.2, and 0.3 

http://www.google.iq/search?q=three+necked+flask&biw=1034&bih=619&site=webhp&tbm=isch&tbo=u&source=univ&sa=X&ei=EeDTUbq8HO-N4gSHlYC4CA&ved=0CCUQsAQ
http://www.google.iq/search?q=three+necked+flask&biw=1034&bih=619&site=webhp&tbm=isch&tbo=u&source=univ&sa=X&ei=EeDTUbq8HO-N4gSHlYC4CA&ved=0CCUQsAQ
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wt%). The interaction between POT and MWCNT during 

in situ polymerisation process is presented in Scheme 1. 

[9]. The site-selective interaction between the quinoid 

rings of POT and the MWCNT leads to POT deposit onto 

the surface of MWCNT. 

 

 
 

Scheme 1. In situ polymerisation of POT–MWCNT 

nanocomposite [9] 

 

POT and POT–MWCNTs nanocomposite powders 

were pressed into disc-shaped pellets with 1.3 cm diameter 

and 0.3–0.35 cm thickness by using a hydraulic press type 

(Specac) under a pressure of 5 ton/cm
2
. The morphology 

of the samples was investigated by scanning electron 

microscopy (SEM, Hitachi S-4160 SEM). Infrared 

analysis was conducted using SIDCO England series FT-

IR spectrometer at 400–4000 cm
-1

. The structures of the 

prepared samples were characterized using Philips X-ray 

diffractometer. Hardness test was carried out using 

Hardness model TH200. Tensile strength was calculated 

using the following equation [16]: 

 

2T
R

F4.0


                                 (1) 

 

where F is the crushing force, and R is the pellet radius.  

 
 
 

3. Results and discussion 
 

The morphology images of the POT and POT–

MWCNTs samples are shown in Fig. 1. The SEM image 

of POT reveals conventional granular POT particles, and 

the morphological study indicates irregularly shaped POT 

aggregates. MWCNTs exert a strong effect on the 

morphology of the polymer in the nanocomposites. The 

SEM image of the nanocomposite with 0.1 wt% 

MWCNTs shows POT conglomeration and well-dispersed 

MWCNTs. The SEM images of the nanocomposites with 

0.2 and 0.3 wt% MWCNTs show homogeneous coating of 

conductive polymer onto the nanotubes. MWCNTs are 

well dispersed in the conducting polymer, leading to their 

increased diameters. The SEM image of POT–MWCNTs 

nanocomposites shows the formation of interwoven 

fibrous structure and that enhanced conductivity. We can 

assume that some monomers may have polymerized on the 

surface of MWCNTs and the remaining amount of aniline 

monomer may have polymerized into the granular 

structures. This hypothesis is confirmed by S. G. Bachhav 

et al. [10], S. B. Kondawar et al. [11] and S. Husain et. al. 

[13]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1.  SEM images of POT and POT-MWCNTs  

with different MWCNTs weight ratios 

 

 

Fig. 2 shows the X-ray diffraction (XRD) patterns of 

POT and POT–MWCNTs nanocomposites. Fig. 2.a shows 

the XRD pattern of POT. No characteristic peaks were 

detected, indicating that POT has an amorphous structure, 

similar to the report of K. Kumari et al. [3] Fig. 2.b, c, and 

d shows the XRD patterns of the nanocomposites. The 

characteristic peaks of polycrystalline POT–MWCNTs 

nanocomposite were found at 2=11.58°, and 26.84°.  

 

POT 

 

POT-MWCNT (0.2) 
wt%)  

 

POT-MWCNT (0.1)  
wt%)  

 

POT-MWCNT (0.3) 
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The 2= 26.84° corresponds to the (020) reflections of 

POT polycrystalline state. The XRD pattern of the POT–

MWCNTs nanocomposite shows a crystalline peak at 

11.58°, this peak assigned to the MWCNTS and has 

intensity increases with increasing MWCNTs weight ratio. 

This peak has high intensity and sharpness, indicating the 

presence of long-range conjugation. Moreover, this peak is 

sharper in the POT–MWCNTs nanocomposite because of 

enhanced conjugation in MWNCTs [17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. XRD spectra of  POT and POT-MWCNTs with different MWCNTs weight ratios 

 

 

The average crystallite size (CS) of the samples can 

be calculated from the X-ray spectrum by using full-width 

at half maximum (FWHM) method (Scherrer relation) 

[18]. 

 






cos

D
.S.C                                (2)       

                             

where   is the FWHM of the XRD peak at diffraction 

angle , D is the Scherrer’s constant (D = 1), and  is the 

X-ray wavelength. Table 1 shows the average CS of the 

samples. The CS of nanocomposite with 0.1 wt% 

MWCNTs is about 13.96 A
o
, which increases to 28.32 A

o
 

when the weight ratio of MWCNTs is increased to 0.3 

wt%. Hence, the crystallization state of POT–MWCNTs 

nanocomposites is enhanced with increasing weight ratio 

of MWCNTs.  

 

 

Table 1. Some physical parameters of POT and POT–MWCNTs samples 

 

Tensile  

MPa 
Hardness    S.cm

-1
 

crystallite 

size A 
Samples 

2.45 481 3.93×10
-6

 Amorphous POT 

2.58 508 7.85×10
-6

 13.96 POT-MWCNT (0.1 wt%) 

2.82 555 1.57×10
-5

 17.44 POT-MWCNT (0.2 wt%) 

2.91 573 2.36×10
-5

 28.32 POT-MWCNT (0.3 wt%) 

 

 

The samples were also characterized by FTIR 

spectroscopy. FTIR spectra were recorded, and the 

characteristic bands for the functional groups are shown in 

Fig. 3. The FTIR spectra of POT show the presence of the 

expected functional groups; for example, the band at 1506 

cm
-1

 is related to benzenoid C–N bond, the band at 1380 

cm
-1

 is due to the symmetric deformation of the methyl 

group, the band at 1300 cm
-1

 refers to C–N bonds, and the 

bands at 1107 and 1172 cm
-1

 are assigned to the C–H bond 

[19]. 
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Fig. 3. FTIR spectra of POT and POT-MWCNTs with different MWCNTs weight ratios 

 

The FTIR spectra of the nanocomposites with 

different MWCNT weight ratios present similar features to 

those of the POT spectrum; meanwhile, the intensity of the 

bands in the nanocomposite spectra shows minimal 

changes. No additional vibrational bands were detected in 

comparison to the spectrum of the POT sample because 

carbon bonds are already present in the POT functional 

groups. This finding is in agreement with the report of S. 

B. Kondawar et al. [11]. 

In this section, the electrical properties of POT and 

POT–MWCNTs nanocomposites were evaluated. The 

effects of MWCNT weight ratio on the electrical 

conductivity of POT were investigated. The mechanism of 

electrical conductivity in the polymers was determined 

based on voltage–current characteristics [20].  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 4. The I-V curves for POT and POT-MWCNTs with 

 different MWCNTs weight ratios 

 

 

The current–voltage characteristics of prepared 

samples with different MWCNT weight ratios are shown 

in Fig. 4. The electrical conductivity values are presented 

in Table 1. The electrical conductivity increases with 

increasing MWCNT weight ratio, that is, from 3.93×10
-6

 

S.cm
-1

 in POT only to 2.36×10
-5

 S.cm
-1

 in the 

nanocomposites with 0.3 wt% MWCNT. Doping with 

MWCNTs improves the structures and properties of POT, 

leading to increased conductivity of the nanocomposite 

compared with pure POT. The increased conductivity 

could also be attributed to the good interaction between 

POT and MWCNTs [9][12][21]. May be noted that 

conductivity is generally low, this is due to used the POT 

as it prepared without oxidizing by acids after prepared. 

The mechanical properties of the samples were 

investigated to determine the effect of MWCNT weight 

ratio on the tensile strength and hardness of the fabricated 

nanocomposites. 

The hardness values of POT–MWCNTs 

nanocomposites are shown in Table 1. The POT–

MWCNTs sample with 0.3 wt% MWCNTs possesses 

higher hardness (about 573 MPa) than the two other 

samples. The high hardness value could be due to overlap 

and stacking, which reduce the movement of polymer 

molecules and increase the resistance of the material to 

scratching and cutting; hence, the nanocomposites are 

more resistant to plastic deformation than POT alone 

[22][223]. 

The interaction between conducting polymer POT 

molecules and MWCNTs changes the tensile properties of 

the nanocomposites. The tensile strength values of the 

nanocomposites with different weight ratios of MWCNTs 

are shown in Table 1. The highest tensile was found in 

POT–MWCNTs nanocomposites with 0.3 wt% MWCNTs. 

This finding could be due to the high degree of miscibility 

between POT and MWCNTs. Moreover, MWCNTs are 

well dispersed in POT, settle down at the voids and 

interface positions, and act as cross-linking centers among 

the POT molecules [24]. 
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4. Conclusion 
 

POT–MWCNTs nanocomposites were produced 

successfully through in situ chemical oxidative 

polymerization. The characterization results indicate the 

well dispersion of MWCNTs in POT. The XRD data 

indicate the polycrystalline structure of all samples. The 

FTIR spectra show many peaks in POT–MWCNTs 

nanocomposites, indicating the incorporation of MWCNTs 

into POT. Finally, the electrical and mechanical 

measurements show that the electrical conductivity, 

hardness, and tensile values increase with increasing 

MWCNTs weight ratio. The nanocomposite with 0.3 wt% 

MWCNTs exhibits the highest electrical conductivity, 

hardness, and tensile values among all the samples 

fabricated. 
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