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Abstract: In the present work, the effect of zinc oxide (ZnO) and its nanocomposite on the performance of dye 

sensitize solar cells (DSSCs) was studied. ZnO is a wide band gap semiconductor that is of interest for applications in a 

wide variety of optoelectronic devices, including dye-sensitized organic solar cells (DSSCs). Initially ZnO and CuO 

nanoparticles were synthesized using sol gel method then  ZnO-CuO nanocomposite were synthesized and the 

structural, optical, characterization were done using various techniques such as XRD, FT-IR,UV-Vis, SEM. The band 

gap of ZnO was calculated using Debye Scherer‟s equation. The prepared nanoparticles and nanocomposites were 
pasted on FTO glass using doctor blading technique and used as working electrodes in dye sensitized solar cells 

(DSSCs).These working electrodes were sensitized with N719 dye and coupled with platinum coated cathode. The  J-V 

characteristics of the DSSCs were studied under standard conditions and their photovoltaic performance was compared. 

Improved performance of ZnO-CuO nanocomposite DSSCs were observed as compared to ZnO DSSC due to reduced 

band gap, increased crystallite size and reduced charge recombination. 
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I. INTRODUCTION 

Dye sensitized solar cells (DSSCs) also known as 

Gratzel‟s cell was invented by Gratzel and O‟Regan they 
first reported the DSSC in 1991[1]. DSSCs are the devices 

which convert visible light into electricity based on 

sensitization of wide band gap semiconductor [2]. It 

consist of nanoporous wide band gap semiconducting 

oxide layer, dye sensitizer which plays important role in 

harvesting sunlight and transforming solar energy into 

electric energy, an electrolyte and a counter electrode 

which may be graphite coated or platinum coated [3]. 

DSSCs are attractive, inexpensive, non-polluted, easy 

production solar cells [4]. 
 

ZnO is a promising material for solar cell applications. 
ZnO is a wide band gap semiconductor with a band gap of 

3.30 eV at room temperature. Low dimensional ZnO 

nanostructures have been extensively investigated due to 

its unique structural, electrical, and optical properties [5] 

[6].ZnO is a  multifunctional semiconductor with various 

properties which are suitable in many applications like in 

nanoscale lasers piezo- electric devices, chemical sensors 

and solar cells [7,8]. 
 

ZnO has been considered as a promising candidate for 

DSSCs due to its carrier mobility and direct band gap, and 

position of conduction band but inspite of these 
advantages, the efficiencies of zinc oxide based DSSCs are 

usually low.  
 

To overcome this limitation, structural changes in ZnO 

were done and nanocomposites of zinc oxide were used to 

enhance the efficiency [9-13]. In this work, ZnO-CuO 

nanocomposite is used for increasing the photovoltaic 

performance of Dye sensitized solar cell. Initially these 

materials were synthesized and then characterized using 

XRD patterns, FTIR and UV-Vis spectroscopy, and SEM 

images.  

II. EXPERIMENTAL  

A. Materials 

The entire chemical used were of analytical grade and 

used     without further purification. Fluorine-doped tin 

oxide (FTO), conducting glass plates and used as 

substrates and cleaned by standard procedures prior to use 

and Iodide electrolyte were purchased from ICE USA. The 

Zinc acetate dehydrate (Zn(CH3COO)2.2H2O), 

Cu(CH3COO)2.2H2O, tri-ethanolamine (TEA) were 
purchased from sigma Aldrich , the other chemical used 

are ethyl cellulose, NH4OH, iso-prppanol (iPrOH)  and 

TritonX-100.  
 

B. Synthesis 

For synthesis of ZnO NPs, 2ml ethanol was added to a 

mixture of 20ml water and 30 ml tri-ethanolamine (TEA) 

and kept on magnetic stirrer until solution become 

homogeneous. 0.5M Zinc acetate dihydrate 

(Zn(CH3COO)2.2H2O) and 50 ml DI water was added in 

another beaker stirred until solution became homogeneous. 

Both solutions were mixed and 50 ml NH4OH was added 

on magnetic stirrer keeping the temperature at 120°C for 

30 minutes. After 30 minutes the mixture was washed with 

distilled water and then put in oven at 95°C for 8 hours 
and finally grinded in mortar. The synthesis of ZnO-CuO 

nanocomposite was done by adding 4.5g of Zn 

(CH3COO)2.2H2O and 2g of Cu(CH3COO)2.2H2O to  

60ml of isoprppanol (iPrOH) stirred at 75°C for 2 hours. 

Aging this solution for 1 day and evaporated at 82°C 

forms the gel and then gel were annealed by taking it up to 

550°C for 2 hrs.  
 

C.  DSSC Fabrication: 

To fabricate the DSSC, the conducting side of fluorine 

doped tin oxide glass (FTO) was checked by multimeter 

by placing the glass FTO face up. The synthesized 0.5g 
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nanoparticles in 10 ml ethanol were mixed and grinded in 

mortar for about 30 min adding 1ml glycol and kept in 

sonicator for 20 minutes, again grinded in the mortar after 
adding TritonX-100 till the paste becomes smooth ,   the 

paste was applied on pre cleaned FTO glass using doctor 

blade technique for 1cm2 area. The electrodes are sintered 

at 450oC for half hour and cooled at room temperature. 

The electrodes are then immersed in N719 ruthenium dye 

solution for 24 hours. After sensitisation colour of wide 

band gap semiconductor coated electrode was changed. It 

absorbed dye. The DSSC cathode was made by using 

platisol solution and annealing at 450°C.Both the 

electrodes were tied together with the help of clips and a 

drop of iodide electrolyte was poured in between. The 
open circuit voltage, short circuit current finally I –V 

characteristics were drawn under standard conditions. 

III. RESULTS AND DISCUSSION 

 
Fig.1 XRD patterns of ZnONPs, and  ZnO-CuO 

nanocomposites. 
 

Fig.1 shows the XRD patterns of ZnONPs, and ZnO-CuO 

nanocomposite. XRD measurements were performed to 

confirm the crystalline phase and the phase composition of 
the ZnO and ZnO-CuO nanocomposite. In figure the 

diffraction peaks at 30.34, 33.07o, 34.8o, 46.20o, 55.25o, 

61.5o, 65.0o , 66.6o  and 67.7o are correspondingly 

assigned to ZnO (100), (002), (101), (102), (110), (103), 

(200), (112) and (201).  The XRD pattern of ZnO-CuO 

shows same pattern but peak broadening and reduction in 

FWHM shows increase in crystallite size.  
 

 
Fig.2: SEM images of (a) ZnO NPs, (b) ZnO-CuO 

 

Fig.2 shows the SEM images of ZnO NPs, and ZnO-CuO 

nanocomposites which show the CuO particles within the 
aggregates of the ZnONPs, and there is good contact 

between the CuO and ZnONPs. Further observation also 

confirms the porous structure of the ZnONPs, ZnO-CuO, 

nanocomposite films, which is favourable for the 

harvesting of photo energy and transporting of electrolyte 

molecules. 

 
 

Fig. 3 Absorbance and   energy band gap of ZnONPs and 

ZnO-CuO 
 

Fig.3 shows the absorbance of ZnO and ZnO-CuO and red 

shift was observed with the addition of CuO. The inset 

shows that the band gap of ZnO-CuO nanocomposite 

reduces to 1.69eV. 

 
Fig. 4: FT-IR of ZnONPs, and  ZnO-CuO, nanocomposites 
 

Fig.4. shows the FT-IR patterns, the peak at 445cm-1shows 

the Zn-O stretching band. The peaks near 1540 cm-1is due 

to OH bending of water. The peaks at 3430 correspond to 

fingerprint stretching vibration modes of surface O-H.  
 

 
 

Fig.5.  J-V Characteristics of ZnO and ZnO-CuO 
nanocomposite 
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Fig.5shows the comparison of J-V characteristics of ZnO 

nanomaterials film and ZnO-CuO nanocomposite film 

DSSCs compared in Table-I. It was observed that the 
efficiency of DSSCs using ZnO NPs, and ZnO-CuO, was 

3.4%, and 6.2% respectively but no change in fill factor. 

From these results, it was conclude that the nanocomposite 

such as ZnO-CuO has better photovoltaic performances. 
 

Table I 
 

Anode 

Material 

Voc 

(A) 

Jsc 

(mA/cm2) 

Vm 

(A) 

Jm 

(mA/cm2) 

Efficien-

cy (%) 

Fill 

factor 

ZnO 0.515 1.67 0.368 0.92 3.4 0.39 
 

ZnO-

CuO 

0.562 2.91 0.378 1.66 6.2 0.38 
 

IV. CONCLUSION 

 Nanocrystalline DSSC is considered to be of low cost, 

environment friendly and flexible solar cell. The only 

problem associated with it is its efficiency. However if 

suitable material and fabrication techniques are applied, its 

efficiency can be increased.  The nanostructured DSSC is 

going to provide economically credible alternative to 

present day p-n junction photovoltaic. In this work, ZnO 

NPs and its nanocomposites were used for thin film 

coating on DSSC anode with N719 dye and platisol 
(platinum) coated cathode. It was concluded that the 

efficiency of DSSC using ZnONPs only film is 3.4 % 

whereas for nanocomposite the efficiency increases to 

6.2% however there is no change in fill factor.  
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