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Preparation and Characterisation of Tailored TiO2 

nanoparticles Photoanode for Dye Sensitised Solar Cells 
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ABSTRACT: Pure and Al-doped anatase TiO2 nanoparticles are prepared by an acid tailored sol-gel 
method and successfully used as a photoanode for dye-sensitized solar cells (DSSCs). The samples 
were characterized by using powder XRD, FE-SEM with EDX, UV-DRS, and Current-Voltage curve. 
After Al doping, the conductivity of the TiO2 increases and it has a positive shift. The energy-
conversion efficiency of a cell based on 0.05  mol% Al-doped TiO2 is significantly better, by about 
4.6%, compared to that of a cell based on undoped TiO2. The synthesized Al-doped TiO2 material is 
proven in detail to be a better photoanode material than pure TiO2 nanoparticles with a simple and 
versatile way to prepare excellent photoanode materials. 
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INTRODUCTION 

Dye-sensitized solar cells (DSSCs) have attracted much   

attention because of their low cost, possible fabrications of 

flexible devices, and relatively efficient devices for the 

photovoltaic conversion of solar energy [1]. DSSCs           

containing titanium oxide (TiO2) thin film electrode often 

use ruthenium dyes, such as N719 dye [cis-bis

(isothiocyanato) bis(2,2′ -bipyridyl-4,4′ -dicarboxylato)-

ruthenium (II) bis-tetrabutylammonium], as photo-

sensitizer. Such N719 based DSSCs exhibit relatively high 

photovoltaic performance and good stability [2]. In order to 

develop DSSCs with excellent photovoltaic properties,          

researchers have tried to control the nanostructure and 

morphology of TiO2 photo-electrodes [3–6]. Moreover, en-

hanced dye-sensitized solar cell efficiency would provide 

enormous economic advantages [7-11]. Recently, nano-

sized TiO2 powders have been used as a working electrode 

for dye-sensitized solar cells (DSSC) due to higher efficiency 

than any other metal oxide semiconductor [12]. 

Kyung Hyun Ko et al. [13] reported Al and Al-W doped TiO2 

nanoparticles for the fabrication of DSSC. Jin Young Kim 

[14] reported the photovoltaic performance of various    

oxide materials shows the electrical chain charge transfer 

could be disrupted within the thick dye layers.  However in 

this study, doping elements were designed to substitute the 

lattice Ti element, not to form a passive layer. Rather,       

fabricating a cell using combined surface area and charge-

transfer enhancement by doping would be a more promis-

ing solution. We investigate nano-sized TiO2 doping to    

enhance photovoltaic efficiency. 

 

EXPERIMENTAL 

 Materials 
Chemical reagents including titanium isopropoxide, ethanol 

anhydrous (Sigma -Aldrich,), Aluminium nitrate (Loba     

Chemie) Triton X-100 (Sigma -Aldrich), acetyl acetone 

(Sigma -Aldrich) polyethylene glycol 600(Merck) and the 

organic solvent were used as such without further            

purification. FTO (Flurine doped SnO2, 10 Ω/sq,Spektron) 

coated glass substrates were cleaned in isopropyl alcohol, 

acetone and DI water sequentially by ultrasonic treatment 

for 20 min each before using. The sensitized dye N-719 

[RuL2(NCS)2, L = 4,4’-dicarboxylate-2,2’-bipyridine], Plasi-

tol and Idolyte TG 50 was from Solaronix SA (Aubonne, 

Switzerland). 
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Preparation of modified TiO2 powder 

The nano -TiO2 powder was prepared with titanium             

isopropoxide solution as the raw material.  In a typical        

experiment, (0.01, 0.03, 0.05 mol%) Aluminium nitrate were        

dissolved in 60 mL of deionized water at room temperature, 

followed by adding 5 mL of glacial acetic acid to obtain        

solution A. 14 mL titanium isopropoxide was dissolved in 40 

mL of anhydrous ethanol with constant stirring to form      

solution B. Then, the solution B was added drop-wise into the  

solution A within 60 min under vigorous stirring.                        

Subsequently, the obtained sol was stirred continuously for 2 

h and aged for 48 h at room temperature. As-prepared TiO2 

gels were dried for 10h at 80 °C. The obtained solids were 

ground and finally calcinated at 450 °C for 2 h (heating rate = 

3 °C/min). 
 

Preparation of DSSC 

Fluorine doped tin oxide, (FTO, Spektron) was washed with 2-

propanol, ethanol, and distilled water several times to          

remove impurities and then dried. A dye-sensitized solar cell 

(effective area is 1cm X 1cm) was fabricated according to the 

following process. TiO2 paste was prepared with certain     

proportions of nano- TiO2 powder with distilled water,              

acetylacetone (A.R), polyethylene glycol and triton(X-100) in 

agate mortar [15]. The photo anode was obtained using      

doctor blade method on the conductive glass and then sin-

tered at 450 °C for 30 min in air. After being cooled, the TiO2 

electrode was immersed into 0.5 mM N719 ethanol solutions 

for 24 hours at room temperature [16]. Sensitized TiO2 photo-

anode and the Pt coated counter electrode were assembled 

and the liquid electrolyte solution drop penetrates into the 

working space and counter electrode via capillary action. The 

two electrodes were held with a binder clip [17]. 
 

Photocurrent –voltage behaviours of the DSSCs 

The photocurrent–voltage behaviour of the DSSC with         

different aluminium doping are characterized by the open-

circuit voltage (Voc) and the short-circuit current (Isc) of each 

sample measured at I=0 mA and V=0 V. The maximum voltage 

(Vmax) and the maximum current (Imax) were calculated at the 

maximum power value based on the following equation      [18

-20]. 

                                                                                                                                

                      (1) 

Furthermore, the fill factor (FF) and efficiency (η) are given by 

the following: 

                                                                                           

               (2) 

 

 

 

 (3) 

 

 

RESULTS AND DISCUSSION 

Crystal structure and morphology analysis 

Fig. 1 shows the XRD patterns of the sample annealed in air at 

450 °C. TiO2 can be assigned to anatase crystal phase           

according to the standard XRD patterns (JCPDS Patterns No. 

21-1272). A clear peak broadening in Al -doped TiO2, versus 

that for pure TiO2, suggested that the Al -doped TiO2 has a 

smaller average size than the pure TiO2. The average grain 

size was calculated from the (1 0 1) peak of anatase using 

Scherrer’s equation,    d = kλ/β cos θ, where k is the constant 

(shape factor about 0.9), λ the X-ray wavelength, β the full 

width at half maximum (FWHM) of the diffraction line, and θ 

is the diffraction angle. In this case, the average crystallite size 

of pure,0.01-Al ,0.03-Al and 0.05 Al mol% were 8.62 nm, 8.35 

nm, 8.22 nm and 7.75 nm, respectively. 

Figure 1. X-ray diffraction patterns of the sample: pure TiO2 and  

different Al (0.01, 0.03 and 0.05 mol%) –doped TiO2. 

 

Figure 2 shows the FE-SEM micrographs of the pure and Al 

doped TiO2 nanoparticles. It has been observed that the     

samples were almost spherical particles for pure TiO2 

nanoparticles whereas for aluminium doped TiO2, spherical 

particles with high porous nature were observed which      

enhancing the photovoltaic performance. Table 1 shows    

doping ratio results measured by EDX. Aluminium could be 

doped into TiO2 lattice successfully by chemical reaction    

during    synthesis.  It was found that the doping element did 

not affect crystalline transformation but it was expected that 

doping elements would have an affect only on the dye         

sensitized   solar cell photovoltaic properties.     
 

Table 1: The content of synthesized TiO2 nano-powders  
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UV-vis spectra analysis 

The UV-visible spectra of the Al-TiO2 nanopowders were   

obtained to determine the relationship between the solar 

energy conversion efficiency and spectroscopic property, as 

shown in Fig.3.  It was evident that the absorption of the 

doped TiO2 nanoparticle exhibited the largest red shift. The 

edge of the absorption was extended towards 477 nm.       

According to the formula λ = 1240/Eg, the band gap energies 

of pure TiO2 and Al - TiO2 was 3.2 and 2.59 eV respectively. 

This phenomenon can be ascribed to the quantum size effect, 

because the addition of Al has significantly decreased the 

crystal size of TiO2.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. UV-visible spectra of (a) Pure (b) Al-TiO2(0.01 mol%) 

 (c) Al-TiO2 (0.03 mol%) (d) Al -TiO2 (0.05 mol%) 

 

 

(a) (b) 

(c) (d) 

Figure 2. FE-SEM micrographs of TiO2 - (a) Pure (b) Al-TiO2(0.01 mol%) 

(c) Al-TiO2 (0.03 mol%) (d) Al -TiO2 (0.05 mol    (          3µm) 
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Photovoltaic properties of dye-sensitized solar 

cells 
 Fig.4 shows the photovoltaic properties of DSSCs based on 

different Al-TiO2 nanopowders as a working electrode. Table 

2 summarizes the photovoltaic parameters of N719 dye with 

pure has 2.33 % and for Al (0.05 mol%) has 5.00% and this is 

mainly due to the lower energy gap after Al doping.  From the 

I-V characteristics it is noticed that the photoelectric         

properties were improved using porous TiO2 nanopowders, 

which could increase the short circuit current and the open 

circuit voltage. This is because of the molecular structure and 

the diffusion rate of redox electrolyte.  

 

Figure 4. Photovoltaic properties of DSSCs for pure and different  Al- 

TiO2 nano-powders 

 

Furthermore, the structure is favourable for the separation of 

electron/hole pairs and the transport of electrons. In addition 

doping with Al has a good influence on the energy band  

structure of nano- TiO2 powders and it is beneficial to the 

separation and transition of electrons which increases the 

photoeletrical conversion. 
 

Table 2. The Voc, Jsc, FF and η of Dye solar cells 

 

 

CONCLUSION 

Al doped TiO2 nanopowders were prepared by using an acid 

tailored sol-gel method to enhance the solar energy            

conversion efficiency. The XRD analysis shows that the     

crystalline size of prepared sample is purely in anatase form 

and from UV analysis the Al doping can narrow the band gap 

of TiO2.  The 0.05 mol% Al- TiO2 showed excellent solar     

energy conversion efficiency compared to that of pure TiO2.  

In 100 mW/cm2 simulated sunlight, the performance of the 

0.05 mol% Al- TiO2 was as follows: Voc = 0.74 V, Jsc = 8.60 mA/

cm2, fill factor = 0.786 and energy conversion efficiency (η) is 

5.00%.  This is probably due to the availability of higher     

absorption sites, red shift, decreased crystalline size and        

prevention of electron-hole recombination.  
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