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Abstract-Present work demonstrates the preparation of ultrathin nano electrospun fibers of Polyaniline (PANI)/polyvinyl 
alcohol (PVA) with different concentration by electrospinning Method.  To investigate the structural changes in PVA/PANI 
electrospun fibers were studied by FTIR technique. The appearance of new peaks reveals the idea of proper blending for 
polymers. The morphology and Ac electrical conductivity of ultrathin micro and nano electrospun fibers were investigated by 
FESEM, HRTEM and Broadband Dielectric Impedance Spectroscopy techniques respectively. In the morphological studies 
we attended the formation of uniform and complex bead-free nanofibers. The enhancement of frequency and temperature 
dependent ac electrical conductivity was observed at higher concentration yielding 10-6

 S/cm by the virtue of hopping 
mechanism might be playing important role in the conduction process at higher frequency range due to high concentration of 
PANI. The enough conductivity of PVA/PANI electrospun nanofibers with their complementary properties opens new 
horizons towards electronics application. 
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I. INTRODUCTION 
 
In the area of research, the synthesis of nanofibers for 
wide variety of polymer is gathered by several fiber 
processing techniques in which electrospinnig is most 
adaptable technique. Compared to fibers produced by 
traditional spinning technique, electrospinning is 
used to make the fibers of conducting polymers and 
the diameter of fibers produced is two-three times 
aspect ratio[1, 2, 3]. Electrospinning provides the 
accessiblity and flexibility in making fiber. 
Electrospun nanofiber having diameter that shows 
range from few nanometer to micrometer and also 
have larger surface area and highly porous texture can 
be used for wide variety of applications [4-12]. By 
changing the processing parameters, the fabrication of 
nanofibers and the morphology can be alternated. 
Electrospinning depends on the parameters like 
solution poperties (viscosity, surface tension, 
conductivity etc), processing parameters (voltage, feed 
rate, internal diameter of the syringe needle, distance 
between tip and collector, etc) [1, 13, 14]. From past 
20 years, conducting polymers showing interesting 
properties such as physical and chemical properties 
like that of the organic polymers and electrical 
conductivity like semiconductors and metals. Further 
the electrospinning of conducting polymers are 
demonstrated in some nanoelectronic devices [15].  
Due to conjugation of alternating single-double bond 
in the special class of organic polymer (conducting 
polymers) can conduct electricity. In Conducting 
polymer, PANI enfluenced a lot due to its stability in 
both thermal and environment, redox reversibility and 
smooth synthesis. Also having high surface area and 
high conductivity, investigated for many industrial 
applications such as filtration application [13],  

 
 
antistatic [9], electromagnetic shielding [10], sensors 
[16], actuators [3] and polymer batteries (non porous 
electrode)[4] because of its smooth synthesis and 
long-term ambient stability [15,16]. The particular 
restriction factor is to prepare the solution of 
conducting polymer for electrospinning with higher 
concentration. The above problem can be denied by 
blending of conducting polymer with polymers that 
has been noted for high fiber forming capacity that 
helps to attain higher viscosity so as to form 
nanofibers of conducting polymer blends. Pani shows 
the good solubility in NMP solvent, which originates 
from the strong inter- and intra-chain interactions.  
[17,18]. In this study PVA was used as binder which is 
having high fiber forming capacity, high viscosity and 
high melt strength. Also the solvent used for preparing 
samples are NMP for PANI and De-ionized water for 
PVA having good compatibility. [19]  
In Relative with PVA, the higher concentration of 
PANI has problem with processibility [20]. The main 
aim is to form electrospinnable fibers of PVA/PANI by 
varying concentration of PANI to attend the 
enrichment in AC electrical conductivity.  
 
II. EXPERIMENTAL 
 
A. Materials 
Polyaniline (PANI) with molecular weight 15,000 
g/mol and Polyvinyl alcohol(PVA) with molecular 
weight 1,30,000g/mol was purchased from the 
Sigma-Aldrich company Pvt Ltd. 
1-Methyl-2-pyrrolidone (NMP) (purity 99.5%, Mw. 
99.13g/mol) were received from Sigma Aldrich, India 
used to synthesize the composite blend of PVA/ PANI 
solution. All the chemicals were used as received 
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without any further purification. De-ionized water is 
used throughout the experiment which was collected 
from Millipore Milli-Q System. 
 
B. Preparation of PANI/PVA Blend Solutions 
PVA was dissolved into 5ml of de-ionized water and 
kept it for sonication for 5min. after that PVA was 
kept on stirring at 30°C, 100rpm until a complete 
dissolution was made. In other hand 1, 3, 5 & 7wt% 
concentration of PANI was dissolved into 5ml NMP 
was sonicated for 5min and kept on stirring until 
thoroughly dissolved. Then the various weight 
concentration of PANI solution added into PVA 
solution drop-wise and stirred it for 30min on a 
magnetic stirred to homogenize assure complete 
dissolution and subsequently kept still till a highly 
viscous bubble free solution was obtained. The 
resulting viscose solution was then transferred to a 
syringe and the electrospinning was performed. 
 
C. Electrospinning of PVA/PANI Blend solutions 
The prepared viscous solution was transferred to a 
glass syringe connected to a capillary needle with an 
internal diameter of 0.42 mm which was attached to a 
high DC voltage supply. In this study, the applied 
voltage (12–18 kV), the syringe pump speed 
(10–15µL/min), and the distance between capillary 
tube and grounded counter electrode (10-13 cm) were 
tested to optimize the electrospinning parameters. The 
grounded counter electrode was a flat aluminum foil 
placed at collector plate at a distance of 10–13 cm 
from the capillary tube. When the solution was pump 
trough the tip of the stainless steel, the surface tension 
of solution droplet overcome force of high electric 
field due to this droplet starts forming the taylor cone 
and nanofibers are collected onto the collector plate. 
 
III. CHARACTERIZATION 
 
The surface morphology studies of PVA/PANI 
Electrospun fibers were observed by FESEM (Carl 
Zeiss AG, JSM-6700F, Germany) accelerating voltage 
5kv and the images obtained at 25 kx magnification. 
High Resolution Transmission electron microscopy 
(HRTEM) images were acquired on a FEI TECNAI 
TF20 operated at 300 kV. The FTIR spectrum was 
obtained and compared for PVA & PVA/PANI 
Electrospun Fibers at room temperature on Perkin 
Elmer Spectrum BX FTIR system (PerkinElmer Inc., 
55 USA). Ac Conductivity study of electrospun Fibers 
was observed by Impedance spectrometer using gold 
plated electrodes (dia 20mm) to place the samples 
between them. 
 
IV. RESULT & DISCUSSION 
 

A. AC Conductivity 
Electrical properties of nano Electrospun fibers 
generally depend upon the quantity and alignment of 
the fiber.  Accordingly, the measured resistivity is 
associated with individual fiber resistivity (shape and 
size) and the density of fibers. [21, 22]. Their Work 
function and the conductivity change depend on 
materials electron transferring capacity. The 
capability of transfer of electron is depends on the 
percentage of conducting polymers. By controlling the 
concentration of PANI in PVA, electrical conductivity 
of fibers can be varied. The fig.1 shows the increase of 
conductivity of electrospun PVA/PANI fibers with 
increasing concentration of PANI in PVA from lowest 
to highest (1 to 7 wt%) and it ranges from 10^-8 to 
10^-6 and shows sudden increment in conductivity at 
5wt % of PANI. From fig.2 the graph of resistivity 
shows the inverse phenomena of conductivity i.e. 
decreases with increased concentration of PANI. 
Noticeably, the higher the concentration of PANI 
contents higher the conductivity of PVA/PANI 
nanofibers. As the PANI weight % increases, network 
density interconnected with each other increases. [23] 
The domains of the PANI will become more 
continuous at its higher concentration. This 
Continuous conduction paths of conducting PANI will 
come closer in the connection and shorter the distance 
between the inter-chain will raise the inter-chain 
hopping of charges, emphasize the electrical 
conductivity [24,25] Also the PANI molecules may 
align along the longitudinal direction of the fiber, thus 
giving rise to the mobility of the charge carriers. The 
initial lower conductivity explains the insulating PVA 
molecules in between conducting PANI domains [26, 
27]. 
AC conductivity depends on overall mobility to flow 
the charge carriers over the complex texture of 
electrospun fiber.  The conductivity data of 
PVA/PANI fibers provides information about the 
hopping mechanism between domains of conducting 
aniline [28]. Conductivity with respect to frequency is 
shown by the fig 3. The observed AC conductivity 
follows universal power law [29] of the following 
form  

 
Where,  
A  depends on temperature and s is exponent of 
frequency and it depends on temperature. [30-32]. By 
practical value and above formulation, we get the 
value of S<1for temperature range of 10°C-100°C , 
this gives idea of the correlated barrier hopping [33]. 
AC conductivity increases with respect to frequency 
indicates increased of mobility of excess charge 
carriers at higher frequency. Variation of AC 
conductivity is shown at different temperature in fig. 
2.3. Overall conductivity increases as we increase the 
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temperature. Different mechanism are used for 
thermally assisted electron hopping between 
localization of molecules that are distributed 
randomly in the fiber mat.[34]According to correlated 
barrier hopping model (CBH), value of s decreases 
with temperature [35]. Similar result is verified at 
different temperature by solving the equation: 

    

 
Fig.1. Ac conductivity of PVA/PANI electrospun fibers at 1, 3, 5, 

7wt% (25ºC). 
 

 
Fig. 2 . Resistivity of PVA/PANI electrospun fibers for 1, 3, 5 and 

7wt% at room temperature. 
 

 
Fig. 3. Temperature dependence ac conductivity for PVA/PANI 

Electrospun fibers at 1, 3, 5 and 7wt%. 
 

B. Fourier Transform IR Spectra 
Fourier Transform IR spectroscopy has been 
inspecting to understand the structural formation of 
polymeric composite of PVA and PANI were 
compared as shown in the fig. 4. In case of PVA the 
O-H, CH2, C=O and C-O stretching peak 
characteristics shows the stretching and  vibration can 
be observed at 3364 cm-1, 2943 cm-1, 1736 cm-1, 1262 
cm-1  [25, 34]. FT-IR spectra of PANI peaks at 3198 & 
1385 represents N-H & =C-H respectively [23, 36, 
37]. A shift in peak is observed at 1570 in PVA/PANI 
Blends Shown in fig. 4 gives information about proper 
blending and clearly indicates about strong cross 

linking between them. Peak at 1600 represent 
stretching N-C bond. This Stretching increases the 
charge carries in the blends near N-C bond, hence 
charge hopping will takes place through the chain due 
to this conduction occurred trough fiber.  
 

 
Fig. 4. FT-IR spectra of PVA and PVA/PANI (at 7wt%) 

elctrospun fibers. 
 
C. Morphology studies 
The obtained of electrospun fiber of PVA/PANI were 
characterized by FESEM and HRTEM in fig 5 & 6. 
The FESEM and HRTEM images represent the 
smooth, uniform, Bead free and ultrafine nanofibers 
mat having average diameter for 1, 3, 5 & 7wt% are 
212.7nm, 158.8nm, 142.7nm and 101.8nm 
respectively. The change in morphology of fibers is 
depending on the concentration of PANI, voltage, 
flow rate and viscosity [38]. Due to Increase of 
concentration, the distance of PANI contain in fibers 
is smaller due to this conducting PANI attend the 
interchange hopping mechanism emphasize the 
electrical conductivity [24]. The longitudinal align 
continuous fibers helps to increase the conductivity by 
decreasing hopping distance as well as barrier height. 
 

 
Fig. 5. SEM image of PVA/PANI Electrospun Fibers (the scale 

bar is 1 µm) For a) 1wt% b) 3wt% c) 5wt% d)7Wt% 
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Fig. 6 HRTEM images of 7wt% of PVA/PANI electrospun 
nanofibers(a) Ultrathin fibers (b) Weblike structure of Ulrta thin 

fibers. 
 
CONCLUSION 
 
The strategy was reported to synthesize of ultrafine 
Conductive fibers by electrospinning technique. SEM, 
HRTEM is studied to get the information of 
morphology and dispersion of polymers of micro to 
nano fibers. After increasing the concentration of 
material the fibers become smoother. FTIR shows 
good compatibility, successive blending of PVA/PANI 
solution prepared for electrospinning allows us to 
correlate with electrical conductivity with their 
morphology characteristics. In conclusion by varying 
the concentration of PANI in PVA solution for 
fabrication of ultrathin fiber from 1wt% to 7wt%, 
conductivity of blended sample increases from 10-8 to 
10-6S/cm. 
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