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Abstract: Dye-sensitized solar cells (DSCs) promise a short energy- payback time and offer a potential low-

cost alternative to conventional photovoltaic devices based on semiconductors. This work describes the effort 

which has mainly been developed on DSSC solar cells with suitable dye for light harvesting and interfacial 

electron transfer processes with nano crystalline wide band-gap semiconductors. The photo anode preparation 

has been done by means of TiO2 nano films by sol gel method using TTIP as precursor, and coated in ITO plate 

by doctor blading technique. The mesoporous TiO2 thin film was characterized by XRD, SEM, and TEM. A 

novel unique combination of electrolyte is used (0.6 M of EMII, BMII and PMII, 0.1 M LiI, 0.05 M I2 in 

acetonitrile). The best performance was demonstrated by the DSSC having a 16μm-thick TiO2 back electrode, 

which gave a solar energy conversion efficiency of 1.83% under the light of intensity of 100 mWcm
-2

. 
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I. Introduction 
As the most promising photo catalyst, TiO2 materials are expected to play an important role in solving 

many serious environmental and pollution challenges [1]. TiO2 also bears tremendous hope in helping ease the 

energy crisis through effective utilization of solar energy based photovoltaic devices. Titanium dioxide (TiO2) 

has been widely investigated as a key material for applications in photovoltaic cells, batteries, chemical sensing, 

optical emissions, photonic crystals, catalysis, photo catalysis and environmental purification. Anatase TiO2 

electrodes are used in solar cells, lithium batteries and electro chromic devices owing to its good storage 

capacity, cycling-stability and safety against overcharging [2]. Non-toxicity, environmental compatibility and 

low price are other practical advantages of TiO2. 

In DSSC, the light absorption and the separation of the electrical charges happens in different process. 
The light absorption process is performed by dye molecules, and the separation of the electrical charge is done 

by the nanocrystal inorganic semiconductor TNP (titanium dioxide nanoparticles) that has a wide band gap [3]. 

This TiO2 working electrode film is an important part of DSSC. It can be prepared by various methods such as 

solgel, chemical vapor deposition (CVD) and sputtering. Sol-gel process is a favorable method for preparing 

TiO2 nano particles, since the composition, particle size, film thickness, and porosity of TiO2 can be easily 

controlled by adjusting parameters such as sol concentration, hydrothermal growth temperature, and sintering 

condition. We prepared TiO2 naoparticles by Sol-gel- process and its characterization has been studied. 

 Although the DSCs using noble metal complexes as dye sensitizers provided relatively high efficiency, 

there are many disadvantages for using noble metals in the DSCs, such as limited resource, high cost, and long-

term unavailability. In nature, flowers, leaves, and fruits show various color and contain various natural dyes 

which can be extracted by simple procedure. Therefore, researchers pay more and more attention to natural dyes 
owing to their low cost, non toxicity, and full biodegradation [4-11]. In our work, we synthesized natural indigo 

Dye and used as sensitizer. Using this dye, the incident monochromatic photon-to-current conversion efficiency 

(IPCE) is impressive (IPCE) value exceeds 80% in the wavelength range between 230-284 nm. 

The presence of a liquid electrolyte demands a perfect seal in order to avoid leakage and evaporation of 

the solvent. Nonetheless, such perfect seals are difficult to obtain, usually the use of a liquid component results 

in poor long-term stability. Many efforts have been investigated to overcome this drawback by replacing the 

liquid electrolyte by room temperature ionic liquids, organic and inorganic hole transport materials, polymer and 

gel electrolytes. DSSC using polymer gel electrolytes present a better performance when compared to the same 

device assembled with a classical polymer electrolyte. So a new combination of  redox electrolyte, consisting of 

[0.6 M of EMII (1- Ethyl-3- methyl – imadazolium iodide), BMII(1-butyl-3-methyl–imadazoliumiodide) and 

PMII (1-propyl-3-methyl-imidazoliumIodide), 0.1 M LiI, 0.05 M I2 in acetonitrile was introduced into the cell 

through one of two small holes drilled in the counter electrode.  
 Counter electrode with high electrochemical activity is an important requirement of efficient DSSCs. 

Cobalt sulphide is used as Counter electrode. 
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II. Experimental 
2.1. Materials 

Titanium (IV) isopropoxide is used as (TTIP, 97%, Aldrich), precursors for preparing titanium dioxide 

by sol-gel method. The adjustment of pH was done by adding reagent grade NaOH (Aldrich). Triton X-100 

(Aldrich) and Polyethylene glycol (PEG M.W=20,000, Aldrich) were used as binders, and natural dye Indigo 

dye was used as the sensitizer. The electrolyte 0.3 M LiI, 15 mM I2, 0.5 M PMII, BMII, PMII polymer gel 

electrolyte was purchased from Aldrich. Acetic acid and ethanol were purchased from Aldrich, 0.5mM Cobalt 

Sulphide (Aldrich). All other solvents and reagents were analytical grade quality, purchased commercially, and 

used without any further purification. ITO conducting glass (20~30 Ω/cm2, Aldrich, Co., LTd) was selected as 

the substrate for TiO2 film.  

 

2.2. Synthesis of nano crystalline anatase TiO2 powder 
TiO2 mesoporous nanoparticles were prepared by titanium tetraisopoxide (TTIP) 27 ml in 100 ml of n-

heptane as a solvent and stirring for 2 h. Then 7.98 ml of double distilled water was added drop wise and the 

molar ratio of TTIP: H2O was maintained as 1:5, and then this sample was aged for 72 h at room temperature, 

and then dried at 70 ⁰C for 12 h and calcinated at 400 ⁰C, 600 ⁰C and 700 ⁰C in the ambient air [12]. The 

obtained TiO2 were studied through XRD, SEM and TEM. The sample heated at 400⁰C was used in the 

preparation of photo anode because it has anatase nano crystalline structure of particle size 10 nm.  

 

2.3 Preparation of TiO2 Photo anode 

For the preparation of mesoporous TiO2 nanocrystalline film, first the titania slurry was prepared by the 

incremental addition of 2 ml aqueous Triton X solution to 0.5 g mesoporous TiO2 powder in a mortar under 
vigorous grinding by the pestle and the prepared uniform slurry was coated on ITO glass by a doctor blade 

technique. Triton X acts as a binder to prevent cracking of film and control the porosity during preparation of 

film. After natural drying at room temperature, the thin film was calcined in static air at 400 ⁰C for 30 min. 

 

2.4 Fabrication of DSSC 

The mesoporous titania electrode was immersed in the ethanolic solution of indigo dye at room 

temperature for 24 h in the dark. The electrode was then rinsed with ethanol. The counter electrode was 

prepared by spin coating 5mM solution of Cobalt sulphide in Indium Tin oxide plate and sintering for 30 min at 

900°C.  The resulting dye adsorbed film was clipped with the counter electrode and then redox electrolyte 

containing  0.3M LiI, 15mM I2, 0.5 M (PMII+EMII +BMII) and 0.2 M Poly ethylene glycol in acetonitrile, was 

introduced into the cell through one of two small holes drilled in the counter electrode through capillary action 
[13]. 

 

III. Characterization 
The crystallinity and crystal phase of the titania film was evaluated by Bruker D8 Discover XRD with 

diffracted beam graphite monochromator at 50 kV and 40 mA (Cu K α  with  λ  = 1.54187 Å).  

The film thickness was measured by a profilometer (Veeco, dektack3). The microstructure of films was 

studied by transmission electron microscopy (TEM) Jeol JEM 2100 Resolution: 1.4A˚ (Lattice) to 1.9A˚ and 

Scanning Electron Microscope (SEM) HITACHI Model S-3000H [14].  The photo-electrochemical properties of 

the solar cell were studied by recording the current–voltage characteristics of the cell under an illumination of 1 
Sun (100 mW/cm2) using a 150W Xenon lamp (Polaronoix).  

 

3.1 Results and discussion 

3.1.1 XRD Analysis 

The XRD patterns of the synthesized TiO2 nano powders calcined at 400⁰C, 600⁰C and 800⁰C for 3 h 

are shown in Fig. 1, which revealed the presence of anatase and/or rutile phases of TiO2 depending on the 

calcination temperatures. At 400⁰C and 600 ⁰C, it is clear that a peak was recorded at 2θ value of 24.882◦, 

which corresponds to crystalline anatase phase of TiO2. The crystallite size of TiO2 was calculated from a half-

value width of the XRD peak at 2θ = 25.3 using Scherrer’s equation.  

 Equation (1) 
where K (0.94) is the shape factor, λ is the x-ray wavelength, β is the line broadening at half the 

maximum intensity (FWHM) in radians, and θ is the Bragg angle, D is the mean size of the ordered (crystalline) 

domains, which may be smaller or equal to the grain size [14-16].  

 

http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Intensity_(physics)
http://en.wikipedia.org/wiki/Full_width_at_half_maximum
http://en.wikipedia.org/wiki/Radian
http://en.wikipedia.org/wiki/Bragg_diffraction
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Fig.1: XRD diffraction of TiO2 calcining at 400⁰C (a),  600⁰C (b), 800⁰C (c) and P25 (d) 

Using the Scherrer’s formula mentioned above at λ = 1.5418A°, β = 0.774˚, 2θ = 24.92˚, the crystallite size of 

the synthesized TiO2 powder was found to be 10.5 nm. The anatase titania crystal with peaks at 2θ of 25.3, 38.0 

and 48.3 corresponding to (101), (004) and (200) phases respectively. With the decrease of grain size, XRD 

peak broadens. So, the broadness of the diffraction peaks at 400⁰C (a) shows the decrease of crystal size, at 

calcinations temperature of 600⁰C (b), 800⁰C (b), and commercial P25 (d) diffractions peaks becomes narrower 

clearly showing the bigger size of particle due to the sintering effect which is illustrated in Table 1, however no 

rutile phase were observed even at higher temperature showing clear maintenance of good crystal framework of 

the anatase titania. In XRD patterns there were no impurities or reaction product peaks observed indicating that 

the obtained materials are in pure titania form.  
 

 

 

 

 

 

 

3.1.2 TEM Analysis 

It is clear from TEM images in fig 2, the smaller particles with pores were observed in the 400⁰C 

calcined samples, however in the case of 600⁰C samples and 800°C, scattered large particles of sizes 40–100 nm 

with tetragonal structures were observed, which clearly shows the interconnection of the mesopores were 
vanishing with the shrinkage in diameters of the pores at all over the surfaces. This is also consistent with the 

XRD patterns [17-19]. 

 

 
Fig.2: TEM images of TiO2 calcined at400⁰C (a), 600 ⁰C (b) and 800⁰C (c) 

 

Temperature  Crystal size (nm) 

400°C 10.5nm 

600ºC 55m 

800ºC 100nm 

Table 1. Variation of nano size TiO2 with Temperature 
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3.1.3 SEM analysis 

Fig 3 shows the SEM analysis in which the particle size is around 10- 20 nm which is calcined at 

400°C. Since a crystallite can be defined by studying the orientation of the lattice fringes, one can see the 
average grain size in the synthesized TiO2 powder is about 10-20 nm in diameter, which is in good agreement 

with the calculated value from XRD analysis. 

 
Fig.3. SEM images if TiO2 calcined at 400 C̊ 

 

3.1.4 Photo catalytic activity  

These nano particles are coated in ITO plate and from this fabricated DSSC, the photocatalytic analysis 
is measured. Fig. 4 shows the photocurrent and photo voltage curves of the cells under the illumination (100 

mW/cm2). The cell gave a high short circuit current (ISC) of 4.3 mA/cm2, an open circuit voltage 650 mV and a 

fill factor of 66%, yielding over all conversion efficiency of 1.83% is determined using equation (3), 

                    Equation (2) 

Where FF is the fill factor,  Isc is short circuit current, Voc is the open circuit voltage, Im is the 
maximum current and Vm is the maximum voltage, 

           Equation (3) 
 

 
Fig. 4 Photovoltaic performance of TiO2 nanoparticles 

 

Table 2. Photovoltaic performance of TiO2 nanoparticles 

Voc(mV) Jsc(mA/cm2) FF η% 

650 4.3 0.66 1.83 

 

IV. Conclusion 
At the hydrolysis stage, the water quantity controls the generated grain sizes; with the slow addition 

and limited quantity of water we can control the morphologies of sol–gel derived materials. It is also well 

known that the high pore volume and large surface area of semiconducting materials are necessary to provide 

sufficient light and dye absorption, for better electrical connection with redox electrolytes, crystallinity and the 

photocurrent density. At the appropriate calcinations temperature, the n-heptane solvent can be removed and 

only mesoprous titania is observed. The calcined and optimized mesoporous substrate used in the fabrication of 

dye-sensitized solar cell which gave a fill factor of 66% with an energy conversion efficiency of 1.83% under 1 

sun irradiation. The mesopore TiO2 substrate provide better surface for the absorption of dye, which improves 
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light absorption efficiency and charge injection dye to conduction band of semiconductor leading to high 

efficiency anode material in dye-sensitized solar cells. 
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