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ABSTRACT 

Dye-sensitized solar cells (DSSCs) are reckoned as emerging next-generation solar cells of a 

high potency. Co-sensitization of dyes facilitates widening of the light absorption range of a 

sensitizer and is one of possible options to improve overall DSSC performance. In this work, 

an effect of combination of the natural crocetin dye and synthetic metal free indoline D205 

dye was studied. Molecular design of a complex formed from the individual dyes was 

attempted. The structures, vibrational and electronic spectra of the species were computed by 

DFT and TD-DFT B3LYP5 methods with mid-sized basis sets. The UV-vis absorption 

spectra were measured for individual dyes and their mixtures in chloroform solutions. 

Electron density distribution of the frontier molecular orbitals and energy levels alignment 

were used for analysis of the electronic spectra and mechanism of transitions. The results 

indicated that the designed complex can be considered as a potential candidate for DSSCs 

application with improved properties compared to the individual dyes. 
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1.3 Research problem 

It is reported that different types of natural dyes show different solar energy conversion 

efficiencies depending on the source, chemical structure of dye, and interaction between dye 

molecules and photo-electrode (Hao et al., 2006). Due to the fact that single dye especially 

natural dyes absorb very small portion of the visible spectrum (Karki et al., 2013) its 

efficiency is low. For the natural dye to be used in solar cell its efficiency should be enhanced 

by increasing its absorption range. In order to increase the efficiency of natural dyes the 

combination of two or more dyes, which have complementary absorption properties in the 

visible region, may be used for broad responses to the solar spectrum (Kimura et al., 2012). 

This study is intended for the combination between natural (crocetin) and synthetic (indoline, 

D205) dyes so as to enhance the performance of the DSSCs. 

1.4 Problem justification 

Due to the fact that power consumption in the world is constantly increasing, there is a need 

for a searching for alternative to fossil fuels. These alternative ways should be environment 

friendly and cost effective (Mphande and Pogrebnoi, 2014). Natural dyes have become a 

viable alternative to expensive and rare organic sensitizers because of its low cost, easy 

attainability, abundance in supply of raw materials and no environment threat. Hence there is 

a high need of utilizing the natural dyes so as to minimize the great use of fossil fuels 

(Narayan, 2012). 

1.5 Significance of the research 

Due to depletion of fossil fuels, environment impacts together with high cost of the 

conventional solar cells, nowadays the potential of DSSCs is increasing. The increase of 

efficiency of the natural dyes in DSSCs applications due to combination/co-sensitization is a 

promising result for the future use of these dyes as alternative energy sources. This study 

gives foundation for the designing of a new sensitizer through a combination of natural and 

synthetic dyes since that, the new complex may have a high performance compared to the 

individual dyes. Also this study lays a basis for future studies. 
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1.6 Objectives 

1.6.1 General objective 

The general objective of this study is to investigate the effect of combination between 

natural dye (crocetin) and synthetic dye (indoline, D205) for DSSCs applications. 

1.6.2 Specific objectives 

(i) Molecular design of  complex molecule through combination of the crocetin and 

indoline D205 dyes; 

(ii) To determine the geometrical parameters and vibrational spectra of the dyes (crocetin, 

tocopherol, retinol and indoline D205) by using quantum chemical methods; 

(iii) To compute the electronic spectra of crocetin, tocopherol, retinol and indoline D205 

dyes and the complex molecule; 

(iv) To measure experimentally UV-vis spectra of solutions of crocetin, tocopherol, retinol 

and indoline D205 dyes and mixture of crocetin and indoline D205 dyes. 

1.7 Research questions 

(i) What is the equilibrium geometrical structure of the individual dyes molecules and the 

complex?  

(ii) What are the theoretical vibrational and electronic spectra of crocetin, indoline D205, 

tocopherol, retinol and the combination of the selected dyes? 

(iii) What are the main absorbance bands in UV-vis experimental spectra of the natural, 

synthetic dye and mixture of selected dyes? 

(iv) Is there an agreement between the theoretical and experimental spectra? 

(v) What is the energy level alignment of the species considered and semiconductors? 
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species are not nearly adsorbed on TiO2 film and sensitizing effect on TiO2 film tends to be 

low (Yamazaki et al., 2007). 

 

Figure 2: Groups of natural dyes according to their chemical structures. 

2.3 Efficiency of DSSCs with natural dyes 

Since that time when Grätzel (2003) developed DSSCs, a new type of solar cells have 

attracted considerable attention due to their advantage of being environmentally friendly and 

low cost of production. In nature, fruits, flowers and leaves of plants show various colors 

from red to purple and contain various natural dyes which can be extracted by simple 

procedures. These dyes can be used as photosensitizers for DSSCs. Many studies have been 

done on natural dyes as sensitizers of DSSCs (Tennakone et al., 1997) but the efficiency of 

the natural dye sensitizers was reported to be very low (Dai and Rabani, 2002). 

It is reported that a conversion efficiency of 0.66% has been attained using red sicilian orange 

juice dye as sensitizer (Calogero and Di Marco, 2008). Other researchers utilized rose bengal 

dye as sensitizer and achieved 2.09% conversion efficiency (Roy et al., 2008). Coumarin 

derivation dye obtained from structural modification of coumarin as a sensitizer in DSSCs, 

provided an efficiency of 7.6% (Wang et al., 2005). Thus, optimization of the structure of 

natural dyes to improve efficiency is promising. 

Compared to the well-known silicon devices, DSSCs are belonging to the emerging third-

generation photovoltaic concept and use synthetic or natural dyes as light harvesting 

pigments (Kalyanasundaram, 2010). The currently most efficient Grätzel cells are still much 

less efficient in comparison to standard silicon-based solar cells. But as a result of the light 

absorption mechanism of the pigments, DSSCs work even in low-light conditions. Therefore, 

DSSCs are able to work under cloudy skies and indirect sunlight, whereas inorganic 

semiconductor-based photovoltaic cells would suffer a cut-off at some lower limit of 
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temperature of rosella dye, it was found that the efficiency improved from 0.37% to 0.70% 

for the DSSC utilizing rosella extract (Wongcharee et al., 2007). 

Furthermore the conversion efficiency of the DSSCs prepared by anthocyanin dyes from 

mulberry extract was 0.548%, while there was a conversion efficiency of 0.722% for 

chlorophyll and anthocyanin as the dye cocktails (Chang and Lo, 2010). 

2.5 Energy level alignment 

In order to predict the energy level alignment of dyes calculation of the excited state 

oxidation potential in relation to the semiconductors conduction band edge is important. Also 

this calculation is useful for the interpretation of photovoltaic data but represents also a 

predictive tool for new sensitizers. If the calculated energy difference between the dyes 

excited state and the semiconductors conduction band edge is too low or negative (i.e. the dye 

excited state lies below the semiconductors conduction band edge) an unfavorable electron 

injection can be predicted, hence the dye cannot be considered as a sensitizer (De Angelis et 

al., 2008). 

In the TD-DFT study of the electronic properties of dyes the solvent effects should be 

included on the framework calculations. This is because the effect of solvent in the 

calculation of the excited states of the dyes is required (Dong et al., 2012) so as to reveal the 

actual environment of the system, which can give a much better agreement with the 

experimental values. Many theoretical studies confirm that inclusion of the solvent effects is 

a crucial factor in describing the absorption spectra of the sensitizers (Guillemoles et al., 

2002; Fantacci et al., 2004). 










































































































