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Abstract: Dye Sensitized Solar Cell (DSSC) was fabricated using TiO2-ZrO2 thin film nanocomposite 

photoelectrode. We report herein the analysis of a nanocomposite TiO2-ZrO2 in thin film form, synthesized 

through facile sol-gel methods followed by spin coating respectively. The as-synthesized samples were 

characterized by Field Emission Scanning Electron Microscopy (FESEM), X-Ray Diffraction (XRD), Fourier 

Transform Infrared (FT-IR) spectroscopy, Ultra Violet -Visible Spectroscopy (UV-Vis) and Photoconductivity 

techniques. FESEM micrographs revealed lamellar and rough pattern of interconnected pores and nanoscale-

particle in the thin film nature.  XRD results indicated the presence of TiO2 peaks in anatase phase and ZrO2 in 

amorphous form. FTIR spectra asserted the presence of Zr-O-Ti vibrations. The UV–Vis absorption spectra of 

as-synthesized sample shows slight shift in the absorption peaks towards near visible region. The field 

dependent dark and photoconductivity studies revealed the linear increase of dark and photocurrent with 

increase in applied electric field.  Hence the DSSCs based on TiO2-ZrO2 nanocomposite photoelectrode shows 

enhancement in solar power conversion efficiency (ƞ). 
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1. Introduction 
Dye Sensitized Solar Cell [DSSC] is a cleanest, safest, and very economical solar cell belonging to the 

group of thin film solar cells [1-2]. A typical DSSC is composed of photoanode layer on a transparent 

conducting oxide substrate (TCO) acting as an electron carrier, an aluminum based counter electrode, an organic 

dye layer acting as the electron generator and a liquid iodine-based electrolyte filling the space between the 

photoanode and the counter electrode to serve as a redox mediator in a sandwich-like formation [3-5]. 

Performance of the DSSC depends on many factors especially on the nature of photoanode material. Among the 

nanosized metal oxides (TiO2, ZrO2, ZnO, SiO2, WO3, ect.,) TiO2 has fascinated extensive consideration due to 

its remarkable characteristics [6-7].  

A nanocomposite material can be defined as a combination of two or more materials that results in 

better properties than those of the individual components when used alone. Mixing of the oxides can produce 

new crystallographic phases with quite different properties than the original oxides [8-9]. Zirconium dioxide 

(ZrO2) is one of the best studied transition-metal oxides in optical research and it was envisaged from literature 

that [10] a mixture of ZrO2 and TiO2 shows better properties than that of bare TiO2 and ZrO2 [11].TiO2-ZrO2 

nanocomposites are potential materials which are useful in the field of heterogeneous catalysis and sensor 

technology due to their superior optical and electronic properties [12-13].  

In the present work, TiO2-ZrO2 nanocomposite in thin film form was prepared by the sol-gel technique 

followed by spin coating method using Titanium (IV) Isopropoxide [Ti(C12H28O4)] and Zirconium (IV) 

Propoxide [Zr(OCH2CH2CH3)4] as precursors and characterized for structural, optical, and morphological 

properties. DSSCs were fabricated using Eosin Yellowish (EY) - organic dye  and the cell performance was 

characterized under the AM 1.5 sun intensity (100 mW/cm
2
). 

 

2. Methodology 
2.1 Synthesis of TiO2-ZrO2 nanocomposite thin film  

The synthesis was carried out via the simple sol-gel route and subsequent spin coating on glass 

substrate. Titanium (IV) Isopropoxide [Ti (C12H28O4)] and Zirconium (IV) Propoxide [Zr (OCH2CH2CH3)4] 

were used as precursors for the fabrication of TiO2-ZrO2 nanocomposite thin film. A stock solution was initially 

prepared by dissolving 40/60 molar ratio Ti [C12H28O4] and Zr [OCH2CH2CH3]4 in 5ml isopropanol and stirred 

for 30 min to get the alkoxide solution. It was then spin coated onto a glass slide at 2000 rpm for 60s at an 

ambient temperature. Prior to coating, the slides were ultra-sonically cleaned with acetone (C3H6O) solution to 

remove any organic contaminants on the surface. The as-prepared samples were heated at 80 °C for 1h to 

evaporate the solvents and then calcined further for 1h at 450 °C in furnace. The schemes for preparation of the 
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nanocomposite TiO2-ZrO2 in thin film forms by the sol-gel followed by spin coating methods are shown in Fig. 

1. 

 

2.2 Fabrication of Dye-Sensitized Solar Cell The TiO2-ZrO2 photoanode was immersed into 0.5 mM EY dye 

solution in ethanol for 24 h in dark. Then, the photoanode was washed with ethanol. Finally, the dye-sensitized 

photoanode was sandwiched against an aluminum counter-electrodes with an intermediate laye of  I
-
/I3

-
 liquid 

electrolyte to assemble a prototype DSSC.  

 

2.3. Characterization The surface morphology of the as-synthesized samples were analyzed using the Field 

Emission Scanning Electron microscope [FE-SEM] FEI quanta 200 FEG and the surface composition of the 

sample was identified by Energy Dispersive analysis of its X-Ray [EDAX]. The crystalline microstructure of the 

products was elucidated using an X’Pert Pro X-Ray diffractometer with goniometer with CuKα radiation source 

of wavelength 0.154 nm. The scattering angles (2θ) were chosen between 20°-80° with a step size of 0.02. 

Using the above X-ray diffraction [XRD] data, the crystallite sizes of the particles were estimated by Scherrer’s 

formula. Fourier Transform Infrared Spectroscopy [FTIR] of the samples was recorded with a Perkin Elmer R×1 

spectrometer ranging from 4000 to 400 cm
-1

. The optical absorption properties were measured in the range 190-

1100 nm using Perkin Elmer’s Lambda 35 Ultra Violet-Visible spectrophotometer. The field dependent dark 

and photo conductivity studies were recorded using a Keithley Pico-ammeter 6485. The J-V characteristics were 

investigated under illumination with a solar simulator with air mass [AM] 1.5 (100 mW/cm
2
). 

 

 
Fig. 1 The schemes of preparation of the TiO2-ZrO2 nanocomposite thin film 

 

3. Results and Discussion 
3.1 Microscopic Analysis  

The FESEM image of TiO2-ZrO2 nanocomposite thin film prepared by sol-gel method followed by spin 

coating is shown in Fig. 2. The film exhibited a lamellar and rough pattern with some pores being 

interconnected and the size of the pores were mostly in the range of 47-104 nm. It was reported that the lamellar 

and porous microstructure, agglomerated TiO2-ZrO2 nanocomposite layer would give a very high internal 

surface area and play important roles in the photoelectric conversion efficiency of DSSCs [12]. 

 
Fig. 2 FESEM image of TiO2-ZrO2 nanocomposite thin film 
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3.2 Scattering Analysis  

Fig. 3 shows the diffraction pattern of TiO2 -ZrO2 thin film. The broad peak around 25ƞ is due to the 

diffraction corresponding to the anatase phase of TiO2 [14]. The peaks corresponding to the ZrO2 was absent in 

the present case rather indicating an amorphous due to the exposure of glass substrate [15-16]. This observation 

was in conformity with earlier works wherein crystallinity loss as a function of Zirconium addition to the 

Titanium has been reported [11, 16].  

 
Fig.3 XRD images of TiO2-ZrO2 nanocomposite thin film 

 

3.3 Spectroscopic Analysis  

Fig. 4 shows the FTIR spectrum of TiO2-ZrO2 composite thin film. The absorption peaks that appear at 

3780 cm
-1

 and 3515 cm
-1

 are due to the stretching vibration of the O−H bond as a result of absorption of water. 

A similar peak related to the hydroxyl group is observed at 1600 cm-1[17]. The absorption peaks at 976 cm
-1

 

and 722 cm
-1

 could be attributed to Zr-O and Ti-O vibrations [18]. 

 
Fig. 4 FTIR image of TiO2-ZrO2 nanocomposite thin film 

 

Fig.5 shows the UV-Vis absorption spectrum of the TiO2-ZrO2 film. The absorption spectrum revealed 

the absorption peaks at around 360-380 nm. From the results, it was found that thin film samples could absorb 

energies in the near visible range. However, the ZrO2-TiO2 nanocomposite film exhibits lower absorption in the 

visible light region compared with pure TiO2 film, because ZrO2 has a lower ability of absorbing visible light 

compared with TiO2. [13]. 
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Fig. 5 UV-Vis absorption image of TiO2-ZrO2 nanocomposite thin film 

 

3.4 Electrical Conductivity Analysis  

The plot in Fig.6 indicates a linear increase of currents in the dark and visible light with increasing 

applied field thereby depicting the ohmic nature of the contacts. The study was carried out using the indigenous 

experimental setup devised in our laboratory as reported by Ponniah and Xavier [19]. For a fixed value of say 

500 V/cm the TiO2-ZrO2 nanocomposite thin film exhibited dark currents of 0.392 μA  and photocurrents of 

0.44 μA respectively. Thus, we could infer from the results that TiO2-ZrO2 nanocomposite revealed better photo 

response making them suitable for photovoltaic applications. 

 
Fig. 6 Field dependent dark and photoconductivity plots of TiO2-ZrO2 nanocomposite thin film 

 

3.5 The J-V characteristics of the DSSC 

The performances of the dye sensitized solar cells were further characterized by measuring the current-

voltage curves under 100mWcm
-2

 illumination. Fig. 7 shows photocurrent density-voltage characteristics of the 

DSSCs using TiO2-ZrO2 nanocomposite.  The overall conversion efficiency η of the photovoltaic cell is 

calculated from the integral photocurrent density (JSC), the open-circuit photo voltage (VOC), the fill factor of the 

cell (FF), and the intensity of the incident light (IPh), 

Ph

OCSC

I

FFVJ **
  

where,  
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SCOC

MAXMAX

JV

IV
FF

*

*
  

MAXV = voltage at the maximum power point, MAXI =current at the maximum power point [20].  

The assembled DSSC sample exhibited an open circuit photovoltage (Voc) of 0.578V, the short circuit 

photocurrent density of (Jsc) 0.135mA, a fill factor (FF) of 0.6923 and power conversion efficiency (ƞ) of about 

1.1%. 

 
Fig. 7 J–V curves of DSSCs prepared using TiO2-ZrO2 nanocomposite thin film photoanode 

 

4. Conclusions 
The Dye-Sensitized Solar Cell prepared using TiO2-ZrO2 nanocomposite film synthesized via the facile 

sol-gel method and spin coating method, have demonstrated good solar performance. A lamellar and porous 

microstructure layer in TiO2-ZrO2 nanocomposite was observed through FE-SEM.  XRD results indicated the 

presence of TiO2 peaks in anatase phase and ZrO2 in amorphous form. FTIR spectrum asserted the presence of 

Zr-O-Ti vibrations. The UV–Vis spectrum of the as-synthesized sample shows absorption around 360-380 nm in 

the near visible region. The field dependent dark and photoconductivity studies revealed the linear increase of 

dark and photocurrent with increase in applied electric field. DSSC performance was evaluated through J–V 

characteristic and the power conversion efficiency (ƞ) was estimated to be 1.1%. 
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