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EXTENDED ABSTRACT 
ZnO-SnO2 and TiO2-SnO2 composite nanofibers (CNFs) are synthesized by electrospinning a 
polymeric solution containing an equimolar concentration of the metals precursors and subsequent 
annealing. The composite formation is demonstrated by X-ray diffraction and energy dispersive X-
ray measurements and morphology by scanning electron microscopy. Synergy in electronic and 
electrical properties are demonstrated by cyclic voltammetry, absorption spectroscopy, and 
electrochemical impedance spectroscopy. The TiO2-SnO2 and SnO2-ZnO CNFs offer valuable 
properties when utilized as a photoanode in dye-sensitized solar cells in terms of photoconversion 
efficiency (PCE ~8.00%) and (~5.60%), respectively, compared to their binary counterparts SnO2 
(~3.90%), TiO2 (~5.1%) and ZnO (~1.38%).   

Recently, one-dimensional nanofibers materials, have been widely growing interest because of their 
fundamental scientific interest as well as their potential applications in functional devices [1-3]. 
Among them, nanostructured metal oxide semiconductors (MOS), tin oxide (SnO2), zinc oxide (ZnO) 
and titanium dioxide (TiO2) have demonstrated excellent performance in various technological 
applications [4, 5] such as; in dye-sensitized solar cells (DSSCs). However, currently, the interests are 
shifting towards the synthesis of more complex structures employing two MOS for a range of 
applications including photoelectrode in DSSCs. These coupled MOS overcome the limitation of a 
single MOS, such as core-shell and composite nanostructures which possess qualities of both the 
component oxides and permit  
Two composite nanofibers materials and their counterparts were synthesized by electrospinning for 
the present study. The materials were synthesized using previously reported procedures [9]; the only 
difference in the synthesis of composite nanofibers is that 1:1 molar mixture of the metals oxide 
precursors was used. For fabrication of DSSCs, a paste of the nanofibers was prepared as reported 
before [9] and screen printed at an area of ~0.2 cm2 on fluorine-doped tin oxide (FTO) as a working 
electrode. The films were dried at 100 °C and subsequently sintered at 450 °C. The sintered films 
were immersed for 24 h in 0.3 mM ethanolic solution of cis-bis(isothiocyanato)bis (2,20-bipyridyl-
4,40-dicarboxylato)-ruthenium(II) dye (N719). A platinized FTO glass substrate was used as the 
counter electrode. DSSCs were obtained by assembling the working and counter electrodes separated 
by a  50 µm thick plastic spacer (Suryln); the electrolyte (iodide/triiodide redox couple) was then 
injected into the spacer region. Photocurrent measurements of the fabricated cells were carried out 
at AM 1.5G (100 mW cm-2) using a solar simulator (SOLAR LIGHT, Model 16-S 150) employing single 
port simulator with power supply (XPS 400). The current-voltage (I-V) curves of the devices were 
recorded using a potentiostat (Autolab PGSTAT30, Eco Chemie B.V., The Netherlands). 
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Figure 1(a) shows the current density (J) vs. voltage (V) plots for the DSSCs fabricated using  SnO2-
TiO2 CNFs and SnO2-ZnO CNFs photoanodes and its counterparts. The PCE of the CNFs based device 
was increased by ~100% than SnO2 based device and over ~50% than the TiO2 based device. The VOC 
of the SnO2-TiO2 CNFs based device shifted towards that of TiO2 and their short-circuit current density 
(JSC) towards that of SnO2, i.e., a synergy has been achieved in the SnO2-TiO2 CNFs-based device [8]. 
Similarly, the SnO2-ZnO CNFs photoanode has shown superior performance, VOC ~ 0.738 V, JSC ~ 13 
mA cm-2, FF ~ 0.6 yielding PCE of 5.6% Figure 1(b). The PCE of the composite based device has been 
increased by ~400% than ZnO based device and over ~30% than the SnO2 based device. Therefore, 
the present combination in the composite could prevent the ZnO degradation which can be observed 
on the improvement of JSC and FF composite based device. Therefore, CNFs is shown to have beneficial 
properties when used as a photoanode in DSSCs. Thus, this study shows a simple composite electrode 
design in enhancing the functional performances of the final device. 

Fig. 1: (J–V) curves of the solar cells fabricated devices using: (a) the TiO2 NFs, SnO2 NFs, and SnO2-
TiO2 CNFs under 1 sun condition and (b) ZnO NFs, SnO2 NFs, and SnO2-ZnO CNFs under 1 sun 
condition. All the photoanodes were sensitized for 24 h. 
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