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Abstract 
This paper reports the synthesis of polypyrrole coated 
SnO2/ZnOelectrospunnanofibers via vapor phase polymerization 
method. In order to prepare one dimensional (SnO2-
ZnO)/polypyrrole with the core sheath structure, first SnO2-ZnO 
composite nanofibers were synthesized via electrospinning method 
followed by adsorption of Fe3+ on the surface of the SnO2-ZnO 
nanofibers and finally pyrrole was polymerized on the surface of 
the fibers. The results of simultaneous thermal analysis (STA), X-
ray diffraction (XRD), scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) of the nanofibers 
confirmed the success of synthesis of (SnO2-ZnO)/polypyrrole 
core sheath compound. 
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1. Introduction 
Synthesis of one dimensional nanomaterials 

such as nanorods, nanowires, nanotubes and 
nanofibers have received considerable attention 
because of their unique properties and novel 
application in solar cells, catalysts, transistors and 
sensors devices [1-8]. Among various one 
dimensional nanostructure materials nanofibers, 
having a nanoscale diameter and microscale length, 
have some noticeable properties that make them an 
excellent candidate for many applications [5, 9-
13]. One of the relatively new techniques for 
preparing the nanofibers is using a strong 
electrostatic field, namely the electrospinning 

method [14]. In brief, in electrospinning a viscous 
polymeric or metal/polymeric solution is ejected 
from the needle to the target, while an electrostatic 
filed is applied between them and a pump 
unlimbers a solution drop on the tip of the needle 
during the process. A narrow jet from the solution 
surface on the tip of the needle eject when the 
electrostatic forces overcome with the surface 
tension. Equilibrium condition between the 
electrostatic forces and surface tension on the 
solution drop and also the features of solution 
determine the morphology of the electrospinning 
products that it could be in the form of fiber, bead, 
ribbon or hollow structure [15]. Recently, 
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production of one dimensional organic/inorganic 
nanocomposite materials with combine of 
electrospinning and vapor phase polymerization 
methods has investigated extensively, mainly 
because of the combination of organic and 
inorganic materials properties and the high surface 
area to volume ratio of one dimensional 
nanomaterials [16-18]. Due to their wide direct 
band gap and significant electrical properties, 
many one dimensional metal oxides such as SnO2 
and ZnO demonstrate to be excellent candidates for 
variety of functional devices such as solar cells and 
gas sensors [19-22]. The coupled semiconductors 
have received great attention, because coupling the 
semiconductors causes some interesting 
developments in their properties. For example, 
varying the carrier mobility or decrease of the 
recombination rate of excitons and therefore 
increases the photocatalytic activity of the coupled 
semiconductors which make them a suitable 
candidate for photovoltaic applications [23]. 
Polypyrrole, as one of the most stable conducting 
polymers in ambient condition, due to its 
remarkable electrical, optical and photoelectric 
properties has been widely used in electronic 
devices, gas sensors and photovoltaic systems [24]. 

The present work reports the synthesis of (SnO2-
ZnO)/polypyrrole core sheath nanofibers from 
simple precursors via combination of 
electrospinning and vapor phase polymerization 
methods. The prepared nanofibers could be 
promising candidate for application in gas sensors 
and hybrid solar cells. 
 
2. Materials 

Polyvinyl alcohol (PVA) with molecular weight 
of ~ 72,000 g/mol (Art.No. 821038), Zinc acetate 
(Art. No. A769302639), Stannous chloride 
(Art.No. 3378443916), Iron (III) chloride (Art.No. 

803945), pyrrole (Art. No. 807492) were 
purchased from Merck Chemical company and 
used as the precursors. 

 
3. Experimental 

Synthesis of (SnO2-ZnO)/polypyrrolecore sheath 
nanofibers were done in tree steps. In the first step, 
the electrospinning solution was prepared by 
dissolving 2 g of PVA in 18 ml distilled water 
followed by adding 1 g zinc acetate and 1g 
stannous chloride to result a homogeneous, viscous 
and milky solution. The solution was then 
electrospun with the fixed distance, 6 cm, between 
the tip of syringe needle and Al plate collector and 
the feeding rate of the solution was adjusted at a 
constant rate of 0.2 ml/h while electric potential 
between the needle tip and the Al plate was 
maintained at 16 kV. The resulting 
electrospunnanofibers were then calcined at 650 °C 
and ambient atmosphere for 2 h, using a tube 
furnace, affording the SnO2-ZnO composite 
nanofibers. In the second step, the SnO2-ZnO 
composite nanofibers were immersed into 0.1 
molar ethanoloic FeCl3solution for 30 min 
followed by drying in air for 10 min to adsorb the 
Fe3+ ions on the surface of SnO2-ZnO nanofibers, 
as the oxidant for polymerization process. Finally, 
the SnO2-ZnO nanofibers containing the Fe3+ ions 
were exposed to saturated pyrrole vapor for 3 h to 
obtain (SnO2-ZnO)/polypyrrole core sheath 
nanofibers. Polymerization of pyrrole monomers 
on the template, the SnO2-ZnO nanofibers 
membrane containing the Fe3+ on the 1cm×1cm Al 
foil, was done as the following procedure. A vessel 
containing pyrrole which connected to an electric 
motor and placed on the stirrer was used while the 
templates were hanging up into vessel. The pyrrole 
stirred and heated for 3 h to polymerizing pyrrole 
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monomers on template while the electric motor 
was helping the vaporization process. 

Thermogravimetric-differential thermal analysis 
(TG-DTA, PLSTA 1640) was used for obtaining 
suitable calcination temperature. X-ray diffraction 
(XRD, Philips X-ray Diffractometer PW3710) 
analysis was used for surveying the impurity and 
phase characteristics of the electrospunnanofibers. 
The surface morphology of the 
electrospunnanofibers and polypyrrole coated 
nanofibers were studied using a Philips XL30 
Scanning Electron Microscope (SEM). 
Transmission Electron Microscopy (TEM) was 
used for investigating polypyrrole coating. 

 
4. Results and discussion 

The thermal behavior of the 
electrospunnanofibers were studied by TGA and 
DTA analyses. Fig.1 depicts the TGA and DTA 
curves resulting from the measurements performed 
on the electrospunnanofibers. The TGA curve 
exhibits two apparent mass losses. The first one 
between 170 °C and 240 °C is likely due to the loss 
of residual solvent and water remaining in the 
nanofibers, as evidenced by the exothermic peak in 
the DTA curve at the same temperature range. The 
second mass loss, which occurred between 530 °C 
and 650 °C, is due to evaporation of the organic 
chains belonging to PVA, CH3COO group of zinc 
acetate and also the other volatile species such as 
stannous chloride. A strong exothermic peak at 
630°C in the DTA curve confirms the phase 
transformation from the amorphous phase to 
crystalline state. Therefore, based on the TG-DTA 
curves the temperature of 650 °C was selected as 
the calcination temperature in the procedure. 

 

 
Fig. 1. Thermal behavior profile of SnO2-ZnO 
electrospunnanofibers obtained from TG-DTA. 

 
Fig. 2 shows XRD pattern of nanofiberscalcined 

at 650 °C for 2 h. As it is shown, the existence of 
the sharp peaks in this figure indicates that the 
composite nanofibers have a polycrystalline nature 
with high degree of crystallinity. All diffraction 
peaks are attributed to various diffraction plans of 
SnO2 with tetragonal rutile structure and ZnO with 
hexagonal wurtzite structure. The pattern also 
confirmed that, there are no characteristics peaks 
indicating presence of impurities. 

 

Fig. 2. XRD pattern of SnO2-ZnO nanofibers. 
 



 

430       H. A. Khorami et al./ JNS 2 (2013) 427- 432 

 
Fig. 3. SEM images of SnO2-ZnO nanofibers (a) before 
calcination, the inset shows distribution of nanofiber’s 
diameter size and (b) after calcinations; the inset shows 
distribution of nanofiber’s diameter size. 

 
The SnO2-ZnOnanofibers were electrospun with 

different feeding rate, distance between the syringe 
needle and collector, voltage and PVA 
concentration, the last one also means different 
ratio between the zinc acetate/stannous chloride 
and PVA. All of these parameters affect the 
equilibrium condition between the electrostatic 
forces and the surface tension on the Taylor cone 
and at last, PVA concentration also affects the 
viscosity of the solution that these are observable 
from the stability of the Taylor cone and its shape 
during the electrospinning process. Equilibrium 
condition between the electrostatic forces and 
surface tension, and the solution behavior, e.g. 
solution viscosity, determine the morphology of 
the electrospinning products that it can be in the 

form of fiber, bead or ribbon. Nanofibers structure 
does not have beads and ribbons when the Taylor 
cone is stable and conoid during the 
electrospinning process. Therefore, the optimum 
quantities of the parameters should be obtained to 
reach the favorable structure of fibers having any 
beads and ribbons. The optimum PVA 
concentration and electrospinning voltage were 
obtained 10 wt% and 16kV, respectively while the 
best feeding rate and distance between the syringe 
needle and collector were obtained 0.2 ml/h and 6 
cm, respectively. Fig.3a and 3b show the SEM 
micrographs of electrospunnanofibers before and 
after calcination, respectively. As Fig.3 indicates, 
there are no beads and ribbons in the nanofibers 
membrane that it demonstrates the parameters of 
electrospinning process which were selected in this 
experiment are the optimum parameters. As it is 
shown in Fig.3, nanofibers have smooth edges and 
are randomly distributed. The diameter of the 
nanofibers can change to thinner fibers due to 
removal of the volatile species and decomposition 
of precursor to metal oxides during the calcination 
process but the texture of calcinednanofibers is 
kept unchanged (see Fig.3b). As shown in the inset 
of Fig.3b, the majority of the calcinednanofibers 
diameter sizes fall into the range of 60- 80 nm 
having average size of about 75 nm, while the inset 
of Fig.3a shows that, the average size of the 
nanofibers diameter before the calcination process 
was about 147 nm. Also, from Fig.2 and Fig3b it 
can be concluded that the time of calcination is 
long enough for the process, because in the longer 
time the nanofibers break up while in the shorter 
time the XRD peaks of the nanofibers are not sharp 
enough to confirm high crystallinity of the 
nanofibers (see Fig.2). The selected time of 
calcination was also confirmed by observing 
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diameter size, average diameter size of about 75 
nm and high surface area to volume ratio were 
synthesized by electrospinning method and then 
polypyrrole was polymerized on the nanofibers 
surface by vapor phase polymerization method. 
The thickness of polypyrrole layer was about 5-7 
nanometers so that the carriers could tunnel 
through it to the semiconductor core. The 
properties of synthesized nanofibers make them an 
excellent candidate for application in gas sensors 
and photovoltaic cells. 
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