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Chemical oxidative polymerization of N-Methyl Pyrrole (NMPy) by cerium(IV) on 
Poly(Acrylonitrile-co-Vinyl Acetate) matrix in N,N-dimethylformamide (DMF) was 
performed. Electrospinning technique was used for the preparation of P(AN-co-VAc) 
solutions with uniformly distributed Poly(N-Methyl Pyrrole) (PNMPy) nanoparticles. In 
the presence of PNMPy, a new absorption band appeared at 1312 cm-1 which corresponds 
to CH in plane vibration peak. The dielectric properties of nanofiber composites were 
evaluated on the basis of the complex permittivity. The SEM and AFM images of 
composite nanofibers showed that the PNMPy nanoparticles with the dimensions of 20-40 
nm were distributed homogeneously. 
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1. Introduction 
 
Intrinsically conducting polymers (ICPs), also referred to as organic semiconductors, are 

π-conjugated polymers, such as polypyrrole (PPy) and polyaniline that can be easily produced by 
chemical oxidative polymerization in aqueous solutions of monomers. Conducting polymers have 
received a great attention in recent years due to their wide range of technological applications in 
several areas such as capacitors, sensors, light emitting diodes, conductive textiles, electrochromic 
devices, membranes, rechargeable batteries [1-14]. Among the conducting polymers, polypyrrole 
and its derivatives are especially suitable for commercial applications due to their high electrical 
conductivity, environmental stability, stability and ease of synthesis. However, applications of 
conducting polymers have been limited due to their lack of processibility, flexibility and strength. 
These limitations can be overcome by coating textile substrates with conducting polymers in order 
to obtain composites, which possess the mechanical properties of textiles whilst retaining the 
desirable electrical properties of conducting polymers [15-16]. In this regards, conducting polymer 
composites are a novel class of materials that combine the mechanical properties of the 
conventional polymers and electrical properties of the conducting polymers, which are very 
promising for electrical applications [17]. The emerging fields of smart/intelligent textiles have 
recently attracted new attention for electrically conductive composite textile structures because of 
exhibiting a wide variety of outstanding properties such as the ability to dissipate static charges, 
electrical conductivity, dissipation of microwave energy shielding of electromagnetic radiations, 
etc. The affinity to several kinds of textile structures (i.e., nanofibers, microfibers and fabrics) 
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doped with conjugated polymers, allows the formation of composite textile structures with 
improved electrical properties [18]. 

In this paper, the electrospinning technique was applied to fabricate P(AN-co-VAc)-
PNMPy nanofiber composites in a very homogeneously dispersed solution medium. The 
composite nanofibers were characterized via spectrophotometric, morphological, and 
dielectric/electrical analysis methods. 
 

 

 

 
 

Fig. 1. Schematic illustration of  NMPy polymerization on P(AN-co-VAc) matrix and 
homogeneously distributed PNMPy nanoparticles in composite nanofiber 

 
2. Experimental  
 
2.1 Materials 
 
A PAN copolymer containing 12 wt% vinyl acetate [P(AN-co-VAc)] (Mw=100.000) was 

supplied by Aksa Acrylic (Turkey). Cerium (IV) ammonium nitrate (NH4)2[Ce(NO3)6] and N,N-
dimethylformamide (DMF) were all Merck reagents. N-Methyl pyrrole (NMPy) was supplied by 
Sigma-Aldrich. All reagents were analytical grade and used without further purification. 

 
2.2. Polymerization of N-Methyl Pyrrole on P(AN-co-VAc) Matrix  
 

P(AN-co-VAc)/PNMPy 
 solution 

El t i i
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P(AN-co-VAc) was dissolved in N,N-dimethylformamide to make a solution with 
concentration of 10wt% and N-methyl pyrrole with initial mass ratio (10 wt%) was added to above 
solution. After stirring for one hour at room temperature, Ce(IV) (30 wt% amount of NMPy) was 
added in order to polymerize NMPy and stirred for about 5 hours 25 oC to obtain PNMPy/P(AN-
co-VAc) solution. 

 
2.3. Electrospinning P(AN-co-VAc)-PNMPy Composite Solution  
 
The electrospinning apparatus consisted of a syringe pump (NE-100 model, New Era 

Pump Systems, Inc., USA), a high-voltage direct current (DC) power supplier generating positive 
DC voltage up to 50 kV DC power supply (ES50 model, Gamma High Voltage Inc., USA), and a 
grounded collector that was covered with aluminium foil. The solution was loaded into a 5 mL 
syringe attached to the syringe pump and was fed into the metal needle. The composite solutions 
were electrospun at a positive voltage of 17 kV, a working distance of 10 cm (the distance between 
the needle tip and the collector), and a solution flow rate of 1 mL/h. 

 
2.4 Characterization of Composite Nanofibers 
 
FTIR-ATR spectrophotometric analysis of composite nanofibers was performed by FTIR 

reflectance spectrophotometer (Perkin Elmer, Spectrum One, with a Universal ATR attachment 
with a diamond and ZnSe crystal). Morphological studies were performed via scanning electron 
microscopy (SEM) observations of the composite nanofiber surfaces with a Leo Supra 35 VP 
scanning electron microscope; and atomic force microscopy (AFM) observations of the nanofiber 
surfaces with Nanosurf EasyScan2 atomic force microscope. In all AFM analysis, the non-contact 
mode was employed by using Al coated high resonance frequency silicon tips (190 kHz) with 7 
μm thickness, 38 μm mean width, 225 μm length and 48 N/m force constant. The 
dielectric/electrical measurements were carried out using a Novocontrol Broadband Dielectric 
Spectrometer (Alpha-A High Performance Frequency Analyzer, frequency domain 0.001 Hz to 3 
GHz) at 25 ◦C. The composite films were placed between two gold-plated electrodes of 20mm 
diameter. 

 
 
3. Results and Discussion 
 
3.1. FTIR-ATR Spectrophotometric Analysis 
 
Fig. 2 shows the FTIR spectra of the P(AN-co-VAc)-PNMPy nanofiber composite and 

pure P(AN-co-VAc) nanofiber.   
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Fig. 2. The FTIR spectra of (a) P(AN-co-VAc) nanofiber and (b) P(AN-co-VAc)-PNMPy 
composite nanofiber 

 
The absorption bands observed at 2243cm-1, 1453cm-1 and 1736cm-1 correspond to CN 

stretching, CH bending and C=O stretching of P(AN-co-VAc), respectively. The other peaks 
shown at 1229 cm-1 and 1022 cm-1 have been assigned for C-O-C stretching and C-O stretching, 
respectively [19-21]. The band at 1330 cm-1 corresponds to C–H deformation in chemically 
synthesized PNMPy [22]. The peak at 1318 cm−1 is attributed to the ring stretch of PNMPy units 
[23]. In the presence of PNMPy, a new absorption band appeared at 1312 cm-1 corresponds to CH 
in plane vibration peak [Figure 2]. Thus, the FTIR spectrum confirms the polymerization of N-
Methyl Pyrrole on P(AN-co-VAc) matrix and incorporation of PNMPy into the nanofiber 
composite. 

 
3.2. Morphology 
 
Surface morphologies of composite nanofibers were investigated by scanning electron 

microscope and atomic force microscope in the absence and in the presence of PNMPy. The 
morphologies of electrospun composite nanofibers are presented in Figures 3(a)–(f). 
 

  
                                          a                                                               b 

  
                                            c                                                               d                             
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                                     e                                                                    f    
                          

Fig. 3. SEM and AFM images of nanofibers prepared by electrospinning technique 
((a),(c)) SEM images of P(AN-co-VAc) nanofibers, ((b),(d)) SEM images of P(AN-co-
VAc)-PNMPy  composite  nanofibers,  (e)  AFM  image  of  P(AN-co-VAc)  nanofiber  and 
                                        (f) AFM image of P(AN-co-VAc)-PNMPy 

 
By comparing Figure 3(a,c,e) and (b,d,f) it is clearly observed that the the surface of 

P(AN-co-VAc)-PNMPy composite nanofiber is different from P(AN-co-VAc) nanofiber surface. 
Figures 3 (a,c,e) present that P(AN-co-VAc) nanofibers have more uniform and nonporous smooth 
morphology. The surfaces of P(AN-co-VAc)-PNMPy composite nanofibers shown in Figure 
3(b),(d),(e) exhibit a rough surface structure constructed by uniformly distributed nanosized 
particles than those of P(AN-co-VAc) nanofibers.  

In this regards, the SEM and AFM micrographs of the P(AN-co-VAc)-PNMPy composite 
nanofibers show the incorporation of homogeneously distributed PNMPy nanoparticles with the 
dimensions of 20-40 nm in nanofiber composite structure. 

 
3.3. Dielectric/Electrical Behavior 
 
The dielectric properties of nanofiber composites were evaluated on the basis of the 

complex permittivity, ε*(ω). Mathematically it can be represented as a combination of the real 
part, ε’(ω), and the imaginary part, ε”(ω). [24] 

 
ε*(ω) = ε’(ω) −iε”(ω) 

 
The real part is known as dielectric constant, a parameter which is describing the ability 

of the material to store energy, while the imaginary part is characterizing the capacity of the 
material of dissipating energy. The analysis of the dielectric parameters versus frequency and/or 
temperature is providing information in relation to polarization mechanisms when the material is 
submitted to an electric field.  

Below, for analyzing the dielectric properties evolution of P(AN-co-VAc) and P(AN-co-
VAc)-PNMPy, parameters as dielectric constant, the dependence of dielectric loss/loss factor and 
AC conductivity versus frequency is presented [Figure 4]. 
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Fig. 4. Dependence of dielectric constant (a), dielectric loss (b), AC conductivity (c) and 
tan delta (d) of P(AN-co-VAc) and P(AN-co-VAc)-PNMPy composite nanofibers 

As it can be observed in Fig. 4, the values of the dielectric parameters measured for the 
P(AN-co-VAc) matrix, are significantly lower than the ones observed for the P(AN-co-VAc)-
PNMPy. In regards to the dielectric constant, a consistent increase of its values can be noticed 
after oxidative polymerization of N-Methyl Pyrrole (NMPy) by cerium(IV) on Poly(Acrylonitrile-
co-Vinyl Acetate) matrix in N,N-dimethylformamide (DMF).  

On the other hand, a second relaxation phenomenon can be observed in case of the P(AN-
co-VAc)-PNMPy. The relaxation is spreading over a wider domain of frequency but is not very 
visible and may be due to the dipoles or polar which are rotating in the direction of the applied 
electric field. Considering the frequencies to which it is occuring, and the relative long time for its 
occurrence, and the values of dielectric constant over this domain of frequencies, we assume that is 
about the socalled orientation polarization which can be associated to formation of more polar 
groups during P(AN-co-VAc)-PNMPy processing. [25] 

The high values of loss factor at low frequencies in case of P(AN-co-VAc)-PNMPy are 
due to Maxwell/Wagner and/or electrode polarization which can be observed when the electric 
field is applied. Practically, at lower frequencies, the charges have enough time to move towards 
the interfaces between the P(AN-co-VAc) and P(AN-co-VAc)-PNMPy (Figure 4) or to electrode-
polymer interface. [26]. 

 
 
4. Conclusions 
 
A new absorption band observed at 1312cm−1 corresponds to CH in plane vibration peak  

indicating the incorporation of PNMPy in the nanofiber composite. The surfaces of P(AN-co-
VAc)-PNMPy composite nanofibers exhibit a rough surface structure constructed by uniformly 
distributed PNMPy nanoparticles with the dimensions of 20-40 nm in nanofiber composite than 
those of P(AN-co-VAc) nanofibers. In regards to the dielectric constant, a consistent increase of its 
values can be noticed after polymerization of NMPy by cerium(IV) on P(AN-co-VAc) matrix. The 
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high values of loss factor at low frequencies in case of P(AN-co-VAc)-PNMPy are due to 
Maxwell/Wagner and/or electrode polarization which can be observed when the electric field is 
applied. The P(AN-co-VAc)-PNMPy nanofiber composites could be preferred for electrically 
semiconductive material in various fields; such as, electromagnetic shielding, antistatic and 
capacitor applications. 
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