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The presented research work is a vigorous attempt to conjure up the 

role of tendril morphology of TiO2 for its use in dye-sensitized solar 

cell photoanodes. TiO2 nanoresin semiconducting layer deposited on 

ITO has been synthesized and deployed as photoanode in the 

assembled dye-sensitized solar cells. To contrive TiO2 layer on ITO, 

spin coating technique has been used. Architectural analyses have been 

made with the help of x-ray diffraction and scanning electron 

microscopy. Performances of the synthesized cells have been probed by 

absorption and adsorption studies and absorbed photon to current 

conversion efficiency traces and current density versus voltage 

characteristics curves. A comparative study has been executed for 

nanocrystal TiO2 and resinous TiO2 as photoanode in dye-sensitized 

solar cells. 
Copy Right, IJAR, 2020,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Extensive research has been ongoing in the field of nanomaterials [1-4]. It is basic human nature that we want to get 

the things in our control; smaller the size more is control over the things. Nanomaterials were investigated on the 

same strategy [5-7]. Nanostructured materials have distinctive physical and chemical properties [8]. Ultra small size 

and large specific area account for their eccentric chemical properties [9]. Overriding technical developments in this 

field have been successfully accomplished in areas photoluminescence, catalysis, photochemistry and last but not 

least in solar cells technology [10]. 

 

Nanoscale semiconducting materials have been extensively used as photoactive systems in Dye-sensitized solar cells 

since their breakthrough by Gratzel [11-14]. Dye-sensitized solar cells (DSSCs) have a sandwiched structure 

composed of semiconducting layer chemisorbed with a light harvesting dye sandwiched in between two transparent 

electrodes and a suitable electrolyte is diffused in the architecture of cell after assembling it [15].    

 

When sunlight is illuminated on the cell, Sensitizing dye molecules are excited and inject electron in the conduction 

band of TiO2 which lies energetically close to LUMO level of chemisorbed dye. These injected electrons are hauled 

to counter electrode via electrolyte. Electrolyte also helps in the regeneration of dye molecules. This two step light 

harvesting process can be triggered on a swift mode by manipulating the morphologies of photoanodes towards 

nanostructures [16-17]. 

 

A lot of researches have been already devoted to the study of nanomaterials in dye-sensitized solar cells [18-26]. 

Carmen Cavallo et al studied nanostructured semiconducting materials for dye-sensitized solar cells. They discussed 
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the development of materials during 25 years of chnonological excel of such devices. They also presented their 

energy conversion implementations [27]. 

 

Won Yeop Rho at al reported an increase efficiency of dye-sensitized solar cells by light scattering in TiO2 nanotube 

array. They proved that large surface area of TiO2 nanotube array show maximum light harvesting capabilities. They 

also justified that carbon materials can revamp the transportation of electrons by π-π conjugation [28]. 

 

Hao Chun Ting et al focussed on evolution of nano morphologies for miscellaneous parts of dye-sensitized solar 

cells and novel organic chromophores for increment in the efficiency of the devices [29]. 

 

Arini Nuran Binti Zulkifili and his co-workers reviewed the basics of DSSCs with the role of binder in TiO2 addivity 

onto indium tin oxide (ITO) layer, effects of natural dyes and influence of multilayer semiconducting coating [30]. 

 

In the present course of investigations, tendril texture in nano range has been synthesized and its performance 

parameters have been critically analysed in contrast to nanocrystals in dye-sensitized solar cells. 

 

Experimental: 

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 40
O
C for one hour. Ethanol was added 

dropwise 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 using a frequency 3000rpm for 75 seconds 

as spin time. 

 

Prepared films were exposed to x-rays in Rigaku table top x-ray diffractometer.  

 

Results and Discussions:- 
The Structural analysis was done with the help of XRD as shown in Figure 1. 

 
Figure 1:- X-ray analysis of obtained nanoresin films. 

 

It is evident in the presented XRD pattern that 101, 004, 200, 211, 002…. planes are observed at desired angles 

confirming the presence of nanoresinous TiO2.  
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Other morphological confirmations were made by SEM analysis for nanoresins displayed in figure 2 but that of 

nanocrystals are coated somewhere else [26]. SEM images unveil that the prepared films contain a resinous rod 

shaped pattern distributed randomly over the entire structure. This randomness may help to increase dye adsorption 

and hence light harvesting capabilities. It is evident that more roughness may cause more dye anchoring. 

 

 
Figure 2:- SEM analysis of obtained nanoresin films. 

 

In is inevitable from figure 3 clearly that at every thickness nanoresinous structure adsorbs more dye as compared to 

nanocrystals. This may be due to more increased surface area causing more dye molecules to tether with the 

synthesized films. More the number of dye molecules, more number of photons will be absorbed and hence more 

electrons will be transported in the TiO2 layer. But this increase in comparatively lesser in nanocrystals thereby 

leading to comparatively lesser output. 

 

 
Figure 3:- Dye adsorption curves for both morphologies. 

 

Figure 4 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. It may be possible that higher temperature induces a phase transition in the TiO2 film which may be less 

efficient as photoanode in dye-sensitized solar cells. It has already been established that rutile phase is achieved at 

higher temperature which tries to ramain more passive as compared to anatase phase. It might be possible that in 
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nano regime too there may be some phase transition that can cause a decrement in photocurrent output from the 

synthesized cell. It may also be because of  reduced conductivity at higher temperatures. 

 

 
Figure 4:- 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. 

These results are in well agreement with previous results in Figure 4. Again a decrease in effective output voltage is 

observed with a hike in temperature. The cause may be considered the same that is phase transition at higher 

temperature.  

 

 
Figure 5:- 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 also be attributed due to loss of conducting channels at higher 

temperatures. 
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Figure 6 presents a comparative analysis of performance of both types of configurations. Absorbed photon to current 

conversion efficiency (APCE) traces show that at lower wavelengths nano crystals dominate but as we progress to 

higher wavelengths nanothreads prove their better candidature as photoanodes in dye-sensitized solar cells. It is 

clear that in visible region of electromagnetic spectrum newly formed tendril morphology has much higher value of 

APCE proving its grandiosity. 

 

 
Figure 6:- APCE curves for NC TiO2 and Nanothread TiO2 in dye-sensitized solar cells. 

 

Following figure 7 clearly shows that performance of nanothread configuration is better than nanocrystals as well as 

other simple morphologies. Nanocrystals incorporated DSSC quoted 3.73% efficiency whereas tendril morphology 

explored a comparatively much higher value 6.21% of efficiency. Jsc values for NC and Nanothreads are 7.74 

mA/cm
2
 and 11.55 mA/cm

2
. VOC Values for these cells are 0.73 V and 0.67 V. Although high value of VOC value for 

NC structure shows its robust nature yet overall performance of tendril structure has been proven as a better 

candidate in dye-sensitized solar cells. 

 

 
Figure 7:- JV Characteristics curves for Nc and Nanothread morphologies. 
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Conclusion:- 
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 may be transformed into rutile 

form which is more brittle and less conducting. Also we have successfully accomplished the formation of a tendril 

structure that ensures a significant hike in all the performance parameters of fabricated dye-sensitized solar cells. It 

has been found that nanoresins provide a better platform for dye adsorption and hence remarkable increment in light 

harvesting has been quoted. Data for the presented research work can be obtained from corresponding author on 

special demand. 

 

References:- 
1. Gerardo Grasso, Daniela Zane a, Roberto Dragone, “Microbial Nanotechnology: Challenges and prospectus for 

green biocatalytic synthesis of nanoscale materials for sensoristic and biomedical applications”,  Nanomaterials, 

vol. 10(11), 2020. 

2. C Marquardt, D Kuhnel, V Richter, H F Krug, B. Mathes, C. Steinbach, K Nau, “Latest research results on the 

effects of nanomaterials on humans and the environment: DaNa- Knowledge base nanomaterials”, Journal of 

Physics: Conference Series, vol. 429, pp. 012060-67, 2013. 

3. Jaison Jeevanandam, Ahmed Barhoum, Yen S. Chen, Alain Dufresne a, Michael K. Danquah, “Review on 

nanoparticles and nanostructured materials: History, Sources, Toxicity and Regulations”,  Beilstein Journal of 

Nanotechnology, vol. 9, pp. 1050-1074, 2018. 

4. Kazuo Watanabe, Dietrich Menzel, Niklas Nilius, Hans-Jaochim Freund, “Photochemistry on metal 

nanoparticles”, Chem. Rev., vol. 106(10), pp. 4301-4320, 2006. 

5. Amra Bratovcic, “Different applications of nanomaterials and their impact on the environment”, International 

Journal of Material Science amd Engineering, vol. 5(1), pp. 1-7, 2019. 

6. Celik Ozyildirim, “Exploratory Investigation of Nanomaterials to Improve Strength and Permeability of 

Concrete” , Transportation Research, vol. 2142, pp. 1-8, 2010. 

7. Ragab, Adel M. Salem, “Mitigation of formation damage by designing a novel nanoparticles mud” , Oil Gas 

European Magazine, vol. 40(2), pp. 104-109, 2014. 

8. Ibrahim Khan, Khalid Saeed , Idrees Khan, “Nanoparticles: Properties, applications and toxicities”,  Arabian 

Journal of Chemistry, vol. 12(7), pp. 908-931, 2019. 

9. Sandra Vergara, Ulises Santiago, Chanaka Kumara, Diego Alducin, Robert L. Whetten, Miguel Jose Yacaman, 

Amala Dass a, Arturo Ponce, “Synthesis, Mass Spectrometry, and Atomic Structural Analysis of 

Au∼2000(SR)∼290 Nanoparticles”,  Journal of Physical Chemistry C, vol. 122(46), pp. 26733-26738, 2018. 

10. Khushboo Sharma, Vinay Sharma, S. S. Sharma, “Dye-sensitized solar cells: Fundamentals and current status”,  

Nanoscale Research Letters, vol. 13(1), pp. 1-46, 2018. 

11. IEA, Key world Energy Statistics 2007, 1-17, 25 (2007). 

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

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

vol. 3, pp. 891-904, 2010. 

14. B. O. Regan, M. Gratzel, “Photoelectrochemical Solar cells”, Nature, vol. 353, pp. 737-742, 1991. 

15. M. Grätzel, “Solar Energy Conversion by Dye-Sensitized Photovoltaic Cells”, Inorg. Chem., vol. 44, pp. 6841–

6851, 2005. 

16. http:\www.solarserver.com  

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

18. 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., vol. 19, pp. 6590-6596, 2009. 

19. R. Shirley, M. Kraft, “Electronic and optical properties of aluminium-doped anatase and rutile TiO2  from ab 

initio calculations”, Phys. Rev. B,  vol. 56, pp. 075111-9, 2010. 

20. Liang Zhang, Akinori Konno, “Development of flexible dye-sensitized solar cells based on pre- dyed Zinc 

Oxide nanoparticle”, Int. J. Electrochem Sci., vol. 13, pp. 344-352, 2018. 

21. 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, vol. 91, pp. 779-784, 2007. 

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

optoelectronic devices”, Coord. Chem. Rev., vol. 177, pp. 347-414, 1998. 

http://www.commodityonline.com/news/dsc-photovoltaics-market-to-reach-$12-bn-in-2020-%20nanomarkets.html


ISSN: 2320-5407                                                                             Int. J. Adv. Res. 8(07), 955-961 

961 

 

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

Chem.,  vol. 22, pp. 14254-14261, 2012. 

24. Divya Jyoti, Devendra Mohan, Rakesh Dhar, “Investigation of the opulent porosity for better performance of 

dye-sensitized solar cell, Journal of Renewable and Sustainable Energy, vol. 5, pp. 013112-4, 2013. 

25. Divya  Jyoti, Devendra  Mohan, Rakesh  Dhar, Purnima, “ Influence of electrode thickness on the performance 

of dye-sensitized solar cells”, Invertis Journal of Renewable Energy, vol. 1, pp. 108-114, 2011. 

26. Divya Jyoti, Devendra Mohan , Rakesh Dhar,  “Investigation of opulent porosity for better performance of dye-

sensitized solar cells”, Journal of renewable and sustainable energy, vol. 5, pp. 013112, 2013. 

27. Carmen Cavallo, Francesco Di Pascasio, Alessandro Latini, Matteo Bonomo, Danilo Dini, “Nanostructured 

semiconductor materials for Dye-sensitized solar cells”, Journal of nanomaterials, vol. 2017, pp. 1-36, 2017. 

28. Won-Yeop Rho, Da Hyun Song, Sang Hun Lee,  Bong-Hyun Jun, “Enhanced efficiency in Dye-Sensitized 

Solar Cells by electron transport and light scattering on freestanding TiO2 nanotube array”, Nanomaterials, vol. 

345(7), pp. 1-11, 2017. 

29. Hao-Chun Ting, Chin-Hung Tsai, Jia-Hong Chen, Li-Yen Lin, Shu-Hua Chou, Ken-Tsung Wong, Tsung-Wei 

Huang a, Chung-Chih Wu, “A novel amine-free dianchoring organic dye for efficient Dye-Sensitized Solar 

Cells”, Organic Letters, vol. 24(14), pp. 6338-6341, 2012. 

30. Arini Nuran Binti Zulkifili, Terauchi Kento, Matsutake Daiki and Akira Fuziki, “The basic research on Dye-

sensitized solar cells”,  Journal of clean energy technology, vol. 3(5), pp. 382-387, 2015. 


