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ABSTRACT 
In the presented study effect of sintering temperature on photoanodes for dye-sensitized solar cells has been 

discussed. TiO2 semiconducting layer coated on ITO has been used a photoanode in the synthesized cells. To 

construct TiO2 layer on ITO, spin coating technique has been used. Structural analyses have been done with the help 

of x-ray diffraction and scanning electron microscopy. It has been found that all performance parameters of DSSC 

decrease with increase in temperature. 

I. INTRODUCTION 
 

Dye-sensitized solar cells are the cheap and best way to ward out energy crisis on commercial basis with a great deal 

of viability [1-5]. Our lives totally rely on energy processes but fossil fuels are moving ahead towards their end. So 

there is a high demand to look out for other renewable energy sources and sun can provide a huge amount of usable 

energy[6-10]. Other solar cell technologies are too costly to commercialize on a massive scale but dye-sensitized 

solar cells have potential applications because of their optimum cost to performance ratio [11-17]. 

 

Four major components of DDSCs are: A photoanode, dye adsorbed on to photoanodic layer, an electrolyte and a 

conducting counter electrode [18-22].In this paper, our focussed attention is on effect of temperature on electrode 

material performance.  

 

II. EXPERIMENTAL 
 

Electricity TiO2 thin films have been synthesized via sol-gel spin coating technique. TBOT (tertiary butyl ortho 

titanate) was mixed with diethanolamine along with ethanol along the course of a continuous stirring with hot plate 

and magnetic stirrer. A vigorous stirring was done at room temperature for one hour and at 40OC for one hour. 

Ethanol was added drop wise using burette during stirring process. Then the solution was kept for 4 hours for the 

formation of sol. Although a lot of methods have been quoted in literature, this is an easy and reliable technique to 

fabricate TiO2 films on ITO [23-25]. 

 

Prepared sol was deposited onto ITO coated glass plates by spin coating. After the formation of layer different 
sintering temperatures were used for different cells and calculated the values of performance parameters 

 

III. RESULTS AND DISCUSSIONS 
 

Structural analysis was done with the help of XRD and SEM coated elsewhere[26]. Following plot shows the effect 

of temperature on Voc value of formed dye-sensitized solar cells. 
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Figure 1. Effect of temperature on open-circuit voltage 

 

Figure 1 clearly shows that with increase in temperature open-circuit voltage decreases. It might be due to the fact 

that increase in temperature may cause allotropic form of TiO2 and that form might be less conducting.  

 

Figure 2 represents the variation of short-circuit current with temperature. This diagram also depicts that short 

circuit current decays down with increase in temperature. This decrease may also be due to transition of allotropic 

form. 

 
Figure 2. Change in ISC value with change in temperature 

 

Following picture shows the change in effective voltage with change in temperature during the process of sintering. 
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Figure 3. Variation of Eeff with change in temperature 

 

Eeff is the maximum voltage responsible for efficiency of a dye-sensitized solar cell. The decrease in value of 

effective voltage with increase in temperature may be attributed due to loss of conducting channels at higher 

temperatures. 
 

IV. CONCLUSIONS 
 

Crackfree TiO2 films have been synthesized via sol-gel spin coating method. The behavior of these films as 

photoanode have been studied by varying temperature during sintering process and it has been found that all the 

performance parameters decrease with increase in temperature. It has been concluded that during sol-gel spin 

coating technique, anatase TiO2 is formed and with increase in temperature anatase form is converted into rutile 

form which is more brittle and less conducting. Therefore it can be said that rutile films are not suitable for usage in 

dye-sensitized solar cells. 

 
REFERENCE 
1. A. Tricoli, A. S. Wallerand, M. Righettoni, Highly porous TiO2 films for dye sensitizedsolar cells,  J. Mater. 

Chem.22 (2012) 14254-14261. 
2. IEA, Key world Energy Statistics 2007, 25 (2007) 1-17. 

3. http:\www.mnre.gov.in/ mission-and-vision-2/achievements 

4. J. Preat, D. Jacquemin, E. A. Perpète, Towards new efficient dye-sensitized solar cells, Energy  Environ. Sci.3 

(2010) 891-904. 

5. B. O. Regan, M. Gratzel, Photoelectrochemical Solar cells, Nature. 353 (1991) 737-742. 

6. M. Grätzel, Solar Energy Conversion by Dye-Sensitized Photovoltaic Cells, Inorg. Chem.44  (2005) 6841–

6851. 

7. http:\www.solarserver.com 

8. http://www.commodityonline.com/news/dsc-photovoltaics-market-to-reach-$12-bn-in-2020 nanomarkets.html 

9. G. Liu,  X. Yan,  Z. Chen,  X. Wang,  L. Wang,  G. Q. Lu, H. M. Cheng, Synthesis of rutile–anatase core–shell 

structured TiO2 for photocatalysis, J. Mater. Chem.19 (2009) 6590-6596. 

10. R. Shirley, M. Kraft, Electronic and optical properties of aluminium-doped anatase and rutile TiO2 from ab 
initiocalculations, Phys. Rev. B.56 (2010)075111-9. 

11. Liang Zhang, Akinori Konno, Development of flexible dye-sensitized solar cells based on predyed Zinc Oxide 

nanoparticle, Int. J. Electrochem. Sci. 13 (2018) 344-352.. 

http://www.commodityonline.com/news/dsc-photovoltaics-market-to-reach-$12-bn-in-2020


 
[Chauhan, 6(6): June 2019]                                                                                                   ISSN 2348 – 8034 
IDSTM-2019                                                                                                                          Impact Factor- 5.070 

    (C)Global Journal Of Engineering Science And Researches 

 

618 

12. Y. Jun, J. Kim, M. G. Kang, A study of stainless steel-based dye-sensitized solar cells and modules, Sol. Energy 

Mater. and Sol. Cells. 91 (2007) 779-784. 
13. K. Kalyanasundaram, M. Grätzel, Applications of functionalized transition metal complexes in photonic and 

optoelectronic devices, Coord. Chem. Rev. 177 (1998) 347-414. 

14. A. Tricoli,  A. S. Wallerand, M. Righettoni, Highly porous TiO2 films for dye-sensitized solar cells, J. Mater. 

Chem.22 (2012) 14254-14261. 

15. N. G. Park, Comparison of Dye-Sensitized Rutile- and Anatase-Based TiO2 Solar Cells,  J. Phys. Chem. B. 

104 (2000) 8989-94. 

16. G.Liu,  X. Yan,  Z. Chen,  X. Wang,  L. Wang,  G. Q. Lu, H. M. Cheng, Synthesis of rutileanatase core–shell 

structured TiO2 for photocatalysis, J. Mater. Chem. 19 (2009) 6590-6596. 

17. D. Jyoti, D. Mohan, R. Dhar, Investigation of the opulent porosity for better performance of dye- sensitized 

solar cell, Journal of Renewable and Sustainable Energy.5 (2013) 013112-4. 

18. D. Jyoti, D. Mohan, R. Dhar, Purnima, Influence of electrode thickness on the performance of dye-sensitized 
solar cells, Invertis Journal of Renewable Energy.1(2011) 108-114. 

19. M. Grätzel, Perspectives for Dye-Sensitized Nanocrystalline Solar Cells, Prog. Photovolt.Res. Appl. 8 (2000) 

171-185. 

20. M. Grätzel, Solar Energy Conversion by Dye-Sensitized Photovoltaic Cells, Inorg. Chem. 44 (2005)6841–

6851. 

21. A. Hagfeldt, M. Gratzel, Molecular Photovoltaics, Acc. Chem. Res. 33 (2000) 269-277. 

22. K. Kalyanasundaram, M. Grätzel,Applications of functionalized transition metal complexes in photonic and 

optoelectronic devices, Coord. Chem. Rev. 177 (1998) 347-414. 

23. A. Hagfeldt, Verification of high efficiencies for the Grätzel-cell. A 7% efficient solar cell based on dye-

sensitized colloidal TiO2 films, Sol. Ene. Mater.& Sol. Cells, 31 (1994) 481-488. 

24. Solaronix, Dye Solar Cell Assembly, instructions received from Solaronix SA,(2000). 

25. H. Zabri, F. Odobel, S. Altobello, S. Caramori, C. A. Bignozzi,Efficient osmium sensitizers  containing 2,2‘-
bipyridine-4,4‘-bisphosphonic acid ligand, J. Photochem. and Phtobio. A:Chem. 166 (2004) 99-106. 

26. Divya Jyoti, Devendra Mohan and Rakesh Dhar, Investigation of opulent porosity for better  

27. performance of dye-sensitized solar cells, Journal of renewable and sustainable energy, 5 (2013), 013112. 


