








 

Figure 6. Optical absorbance spectra of TiO2 poeders doped with different Ag 
atomic percentages: (a) 0, (b) 0.05, (c) 0.1, and (d) 0.3. 

 

Table 4. UV–vis absorbance wavelength of synthesized doped and undoped 
powders 

 
3.4. Thermal Analysis 

    Simultaneous differential thermal analysis of 0.1 at.% Ag-
doped TiO2 powder is shown in Fig. 7. It is evident that the 
powder undergoes endothermic dehydration in the temperature 
range 20–107°C, which is supported by the corresponding 
weight loss in the TGA curve. The exothermic peaks 
corresponding to anatase crystallization and the anatase to 
rutile phase transformation are not observed due to the gradual 
formation of these phases. The TGA curve shows that the 
weight loss occurs at two stages, namely, below 107°C and 
between 107 and 550°C. In the first region (below 107°C), the 
weight loss of 9.9 % is due to the evaporation of physically 
adsorbed water from pores. In the second stage (in the range 
107–550°C), the weight loss of 7.3 % is due to 
dehydroxylation and removal of residual organics. There is no 
weight loss at temperatures above 550°C. 
 
 

 
Figure 7. TGA curve of Ag-doped TiO2 powder. The scan rate was 5°C min-1, 

performed in air. 
 
3.5. Photovoltaic performance of DSSCs 
 
     The photocurrent density–voltage (J-V) characteristics of 
fabricated monolayer TiO2 DSSCs, with the same thickness 
(i.e., 18.2 ! m) were illustrated in Fig. 8. In addition, the 
corresponding photovoltaic parameters such as short circuit 
current (JSC), open circuit voltage (VOC), fill factor (FF), 
adsorbed dye and power conversion efficiency (" ) were 
summarized in Table. 5 to 7. It is apparent that the short 
circuit current and power conversion efficiency of the solar 
cells changed with Ag atomic percentage, reaching a 
maximum at a specific value. Therefore, cell 9 showed the 
highest power conversion efficiency of 5.9 % amongst all 
fabricated solar cells. The improvement in the photovoltaic 
performance of cell 9 can be explained due to enhancement of 
JSC . 
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Figure 8. Graph1: Photocurrent density–voltage curves of fabricated TiO2 
DSSCs doped with different Ag atomic percentages, annealed at 500°C for 1 
h, TiCl4 0.004 M, Graph 2: annealed at 500°C for 4 h, TiCl4 0.004 M, Graph3: 
annealed at 500°C for 1 h, TiCl4 0.04 M 
 
 

Table 5. Photovoltaic parameters of fabricated TiO2 DSSCs doped with 
different Ag atomic percentages, annealed at 500°C for 1 h, TiCl4 0.004 M 

 

 
 

Table 6. Photovoltaic parameters of fabricated TiO2 DSSCs doped with 
different Ag atomic percentages, annealed at 500°C for 4 h, TiCl4 0.004 M 

 

 
 

Table 7. Photovoltaic parameters of prepared TiO2 DSSCs doped with 
different Ag atomic percentages, annealed at 500°C for 1 h, TiCl4 0.04 M 

 
4 Conclusions 
 
   Two effective methods were presented in order to make 
abalance among electron injection, light scattering effect and 
dye absorption of photoanode electrode of dye-sensitized solar 
cells. For this purpose, a systematic study of the DSSCs by 
fabrication of nanostructured Ag-doped TiO2 films with 
different atomic percentages (i.e., 0.5, 0.1, 0.3 at.%) by sol-gel 
process and different TiCl4 solution concentration on the 
photovoltaic performance of DSSCs. X-ray diffraction (XRD) 
analysis revealed that all samples with Ag:Ti molar ratios 
between 0.05-0.3 showed mixtures of anatase and rutile 
phases. Moreover, no silver and silver oxide phases were 
detected after heat treatment. Simultaneous differential 
thermal (SDT) analysis the minimum annealing temperature to 
obtain organic-free TiO2 paste was determined at 400°C, being 
one of the lowest crystallization temperatures of TiO2 
photoanode electrodes for solar cell application. UV–vis 
absorption showed that Ag introduction enhanced the visible 
light absorption of TiO2 nanoparticles by shifting the 
absorption onset to visible light region. Field emission 
scanning electron microscope (FE-SEM) analyses revealed 
that the synthesized samples had uniform grains IN nanometer 
range. It was found that, 0.1 at.% Ag-doped TiO2 DSSC had 
the highest power conversion efficiency of 5.9%, short current 
density of 13.12 mA/cm2 and open circuit voltage of 788 mV.  
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