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Abstract: A facile substrate grown method was employed to 

fabricate zinc oxide nanofibers (ZnO Nfs) modified photoanode 

on fluorine-doped tin oxide (FTO) substrate. The modified ZnO 

Nfs photoanode was used to fabricate dye sensitized solar cell 

(DSSC), sensitized with a cheap metal free organic dye, eosin 

yellow (eosin-Y). The efficiency of solar to electrical energy 

conversion was achieved as 1.51% with simulated AM 1.5 G solar 

irradiation of 100 mW cm−2. The better efficiency is ascribed to the 

effective diffusion of electrons within the one dimensional (1D) 

ZnO Nfs and the efficient interfacial contact between the 

electrolyte and the ZnO photoanode through pinholes and pores 

present in the twisted nanofibers. These facilitated the improved 

interfacial charge transfer. The result demonstrates the promising 

route of substrate grown ZnO nanofibers for the application of 

photoanode material in DSSCs. 
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I. INTRODUCTION 

Zinc oxide (ZnO) is a semiconductor exhibiting large 

band-gap energy (∼3.37 eV) and large exciton binding 

energy (60 meV) [1]. The excellent optical and electron 

mobility make ZnO is an ideal candidate for photoanode 

material in dye sensitized solar cells (DSSCs) [2]. 

Nanostructured is commonly used to modify the photoanode 

surface in DSSCs, owing to their tunable morphology, which 

shows better performance in the conversion of solar energy to 

electrical energy [3]. ZnO nanostructures have different 

morphologies like nanoparticles, nanorings, nanotubes, 

nanoflowers, nanowires, nanobelts, nanocages and 

nanofibers [4]. Hence, the practical task existing in 

decreasing the surface area of photoelectrode is to preserve 

light-harvesting efficiency and consequently to reach higher 

photocurrents. One such approach is to develop DSSCs 

because dyes present larger absorption cross-sections [5, 6].  

Organic dye sensitizers are much cheaper than the 

ruthenium-metal complexes and also have several merits, 

such as, higher absorption coefficient, larger conservation of 

limited precious metal resources and user friendly for cell 

reusage [7–10]. Among them, eosin-Y is actively explored as 

sensitizer in ZnO coupled organic dye in DSSCs due to its 

low-cost, water solubility and better performance. 
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Remarkably, the efficiency of converting the solar energy 

with ZnO/eosin-Y system is greater than that of TiO2/eosin-Y 

system [7–10]. In this study, we explore the facile fabrication 

of ZnO nanofibers (ZnO Nfs) modified photoanode by seed 

mediated growth on the substrate and its application DSSC 

using eosin-Y dye. 

 

II. MATERIALS AND METHODS 

 

A.  Chemicals 

High pure zinc acetate dihydrate (Zn(OAc)2.2H2O), zinc 

nitrate hexahydrate (ZnNO3.6H2O), sodium hydroxide 

(NaOH) and silver nitrate (Ag NO3) were procured from 

Merck. Hexamethylenetetramine (HMT) and eosin yellow 

(eosin–Y) was obtained from Alfa-aesar. Chemicals and 

reagents with analytical grade were used in this work. 

B.  Growth of ZnO nanofibers on FTO 
Prior to the growth of ZnO nanofibers (ZnO Nfs) on 

fluorine-doped tin oxide (FTO), ZnO seeds were prepared by 

follwing procedure. Breifly, 2.5 mM of NaOH was slowly 

introduced into methanol containing 1 mM of Zn(OAc)2.H2O 

at 80 °C and allowed to stir for 45 min. A cleaned FTO 

conducting glass was coated with 100 µL of ZnO seed 

solution by spin coating at ~3000 rpm. The coating process 

was repeated thrice to obtain uniform coating with desired 

thickness. The ZnO Nfs were grown by adopting the 

following procedure. A 2.5 mM of ZnNO3.6H2O and 2.5 mM 

of HMT were mixed together in aqueous medium, heated to 

90 °C and then stirred for 30 min. The ZnO coated substrate 

was horizontally placed inside the growth solution, which 

was allowed to grow the nanofibers for 30 min at 90 °C. The 

substrate was withdrawn from the growth solution and 

washed using double distilled water many times. It was then 

vacuum dried at 100 °C for 2 h to remove the water 

molecules. 

C.  Fabrication of DSSCs 

The dye was adsorbed on ZnO Nfs modified photoanode 

by soaking the hot film (80 °C) in ethanolic 0.5 mM eosin-Y 

and it was reserved at room temperature for overnight. Under 

N2 atmosphere, the dye-adsorbed photoanode was taken out 

from the solution. A counter electrode was prepared by 

depositing Pt on FTO using 7 mM H2PtCl6.6H2O in 

2-propanol. The Pt
4+

 ions were thermally reduced to Pt
0
 at 

425 °C. Finally, the electrode was kept in a sealed device 

using a hot-melted double layer parafilm having the thickness 

of ~50 μm. The redox electrolyte containing 0.3 M KI and 

0.03 M I2 in ethylene glycol (Solaronix) was introduced into 

the space available between the photoanode and 

counterelectrode. 
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D.  Characterization techniques 

Diffuse reflectance spectra of ZnO Nfs and eosin-Y 

adsorbed ZnO Nfs thin films were collected through 

Shimadzu UV-2550 UV–vis spectrophotometer assembled 

with ISR-2200 DRS accessory. PL spectra of the samples 

were obtained with a JASCO-FP-6500 spectrofluorimeter. 

SEM micrographs and EDX spectrum were collected using 

FEI Quanta FEG 200 scanning electron microscopic 

instrument fixed with EDX accessory. Crystalline property of 

ZnO Nfs was analyzed by obtaining X–ray diffraction (XRD) 

pattern using Bruker AXS D8 Advance instrument with Cu 

Kα radiation (λ = 1.54178 A°). Light source was Oriel 

class-A solar simulator (91195A, Newport) with ozone free 

450 W xenon lamp for DSSC application. Current-voltage 

(J-V) curves were obtained using a Autolab PGSTAT302N 

electrochemical workstation. 

 

III. RESULTS AND DISCUSSION 

 

A.  Optical characteristics of photoanode 

Fig. 1 displays the UV-vis diffuse reflectance spectra of 

ZnO Nfs and eosin-Y adsorbed ZnO Nfs thin films. A 

characteristic absorption feature of ZnO was observed below 

390 nm for ZnO Nfs [11]. It is obvious that the eosin-Y 

adsorbed ZnO Nfs thin film absorbed more than 50% incident 

light in the region covering from 494 to 530 nm. This 

suggests that the ZnO Nfs based photoanode can be applied 

in DSSCs because of its light harvesting efficiency in the 

visible region. The photoluminescence (PL) spectrum of ZnO 

Nfs show two major peaks; an near-UV peak around 410 nm, 

a green emission peak in between 520 and 540 nm (Fig. 2a) 

[12, 13]. The ionized oxygen vacancies created by the exciton 

combination of ZnO caused a sharp intense UV emission 

[14], which illustrates the formation of good quality and high 

stoichiometry of the ZnO Nfs. The near-UV peak and the 

broad visible bands are ascribed to the band-edge emission 

and the deep-level defects in ZnO crystal, such as vacancies 

and interstitials of zinc and oxygen, respectively. The broad 

visible emission of ZnO Nfs at 550 nm (2.25 eV) was 

attributed to the transition between the electron present near 

the conduction band and the hole at vacancy associated with 

the surface defects [15]. PL spectrum of eosin–Y sensitized 

ZnO Nfs is shown in Fig. 2b. The dye-adsorbed ZnO Nfs 

exhibit an emission peak at 530 nm (2.30 eV) indicating a 

great fraction of sensitization by eosin-Y. A large 

surface-to-volume ratio provided by the thinner nanofibers 

favours the formation high degree surface and subsurface 

oxygen vacancies. 

B.  X-ray diffraction and morphology analysis 

 Fig. 3 shows the XRD pattern of the ZnO Nfs. In the XRD 

pattern, nine typical diffraction peaks such as (100), (002), 

(101), (102), (110), (103), (200), (112) and (201) at the 2θ 

value in the range of 30-70° can be matched to the fiber 

like-ZnO. All the diffraction peaks are perfectly matched to 

the ZnO with hexagonal wurtzite structure (JCPDS, 

80-0075). The XRD pattern specifies that the ZnO Nfs 

contain well-faceted crystals ends along the (c-axis) [16]. The 

(101) plane is having greater intensity than (002) and (100) 

planes of ZnO Nfs. Fig. 4 (a and b) displays the SEM images 

of the ZnO Nfs thin film. From the SEM images, it is seen 

that the core diameter of the ZnO Nfs is in the range of 20-50 

nm. The ZnO Nfs surface exhibits random, porous and rough 

nature. This rough and porous surface is much beneficial for 

dye loading [17]. This distinctive structural feature may be 

beneficial, as this porous morphology offers large numbers of 

pinholes for promoting the permeability of electrolytes into 

the inner structure of ZnO Nfs [18]. The presence of O and 

Zn elements present in the nanofibers was confirmed through 

EDX analysis (Fig. 4c). The emission peaks matching to the 

elements O, and Zn were identified at 0.52 (O), and 1.12, 

8.60, 9.63 (Zn), respectively. It clearly revels that the ZnO 

Nfs contains only O, and Zn elements. 

 
Fig. 1. Diffuse reflectance spectra of ZnO Nfs (a) and 

eosin-Y adsorbed ZnO Nfs thin films. 

 
Fig. 2. PL spectra of ZnO Nfs (a) and ZnO Nfs mixed with 

1 µM eosin-Y in ethanol (b) at λexc = 375 nm. 

 
Fig. 3. XRD pattern of ZnO Nfs. 
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Fig. 4. SEM micrograph of ZnO Nfs thin film (a & b) and 

EDX spectrum of ZnO Nfs (c). 

 

C.  Photovoltaic performance of DSSCs 

 The DSSC was assembled using the substrate grown ZnO 

Nfs photoanode and its photovoltaic performance was 

evaluvated under simulated AM 1.5G solar irradiation of 100 

mW cm
–2

. The efficiency of solar to electrical conversion of 

the DSSC was studied by evaluating the cell parameters such 

as open circuit voltage (Voc), short circuit current density 

(Jsc), photocurrent-photovoltage (J-V) characteristics, fill 

factor (FF) and efficiency (η) using the standard equations. 

 

    
          

       
 

 

      
          

   

 

where, Vmax and Jmax are the photovoltage and photocurrent 

density, respectively at the maximum power point and Pin is 

the power of the incident light (100 mW/cm
2
).  

The short circuit current density (JSC), open-circuit voltage 

(VOC), fill factor (FF), and overall conversion efficiency (η) 

of the DSSC with ZnO Nfs photoanode was obtained to be 

3.89 mA/cm2, 0.69 V, 0.56, and 1.51%, respectively (Fig. 

5a). The applicability of the ZnO Nfs in DSSC confirms the 

efficient electrolyte penetration into the ZnO photoelectrode 

through pinholes and nanopores present in the twisted 

nanofibers matrix. This can be explained by the fact that, 

pinholes and pores present in the ZnO nanofibers provide 

advantages like higher loading of eosin-Y dye, improved 

light absorption, higher photocurrent and increased exposed 

surface area to the electrolyte [17, 18]. This leads to rapid 

electron transport within the nanofibers in uni-directional and 

thereby minimizing the charge recombination process thus 

increase the cell performace [17,18].  

The stability and reproducibility of ZnO Nfs based DSSC 

were studied and the data are presented in Fig. 5b. The 

photocurrent-time (I-T) profile obtained for ZnO Nfs based 

DSSC is in good agreement with its J-V characteristics. In the 

ZnO Nfs modified photoanode based DSSCs, the 

photocurrent rises rapidly to a maximum value and attains a 

steady–state current immediately after the light is turned ‘on’. 

A sudden decrease in the photocurrent happens when the 

light is turned ‘off’ and there is no current response in the 

dark. The steady-state photocurrent-maximum remains same 

even after performing several ‘on-off’ cycles. This 

characteristic of ZnO Nfs/eosin-Y revealed good stability of 

the cell. 

 

 

 
Fig. 5. Photocurrent-photovoltage (J-V) curve (a) and 

photocurrent-time (I-T) profile (b) recorded for DSSC 

with ZnO Nfs modified photoanode sensitized with 

eosin-Y. Area of the cell was 1 cm2. 

 

IV. CONCLUSION 

 

 The ZnO nanofibers (ZnO Nfs) modified photoanode for 

DSSC was fabricated by a simple solution mediated substrate 

grown method. The optical properties of the ZnO Nfs gives 

an idea that it can be used as photoanode for DSSC. The 

sharp and intense red emission due to the ionized oxygen 

vacancies, which is increased further when quenching with 

eosin-Y. The SEM micrographs reveals that the presence of 

fiberous nature of ZnO with 25-50 nm diameter. The 

photovoltaic performance of the DSSC containing ZnO Nfs 

modified photoanode sensitized with eosin-Y was evaluated 

and the overall efficiency of solar to electrical energy 

conversion (η) of the ZnO Nfs modified DSSC was 1.51%. 

This higher effciency is due to the quick diffusion of 

electrons within the nanofibers in uni-directional to the 

photoanode, and also increased interfacial conatct between 

the photoanode and electrolyte. The simplicity and flexibility 

of this technique is believed to provide promising 

opportunity in the designing of various nanostructured 

materials with enhanced surface activity for high 

performance solar cells.  
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