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To take full advantage of the properties of dyes, nanostructured solar
cells should be available because in this case a better interaction
between the dye and the background can be created due to the high
surface-to-volume ratio. The aim of this research was the experimental
investigation of natural dyes influence on the function of solar cells
based on nanostructure of TiO2 nanoparticle/nanowires. For this
purpose, an innovative nanostructure was fabricated, and three natural
dyes of saffron, turmeric and rubia-tinctorum were used as a sensitizer
due to their abundance, availability, environmental compatibility, safety
and easy processing. The absorption spectra of the dyes were examined
by a spectrophotometer. The absorbance peak for saffron, turmeric and
rosin pigments were obtained at 510, 500 and 460 nm, respectively.
The photoanode’s morphology was investigated by a scanning
tunneling microscope. The characterization and performance of solar
cells were carried out by the solar simulator device. The microscopic
analysis showed that the composition of nanoparticles and nanowires
of TiO2 builds the porous structure with large surface-to-volume ratio,
playing a great role in the amount of dye absorption and efficiency of
solar cells. Generation of short electron transfer path, facilitating the
transfer of electrons to semiconductor conductive band, and reducing
recombination reactions were the main advantages of this structure.
The evaluations also showed that rubia-tinctorum dye performed
better in enhancing the efficiency of solar cells based on TiO2
nanoparticles/nanowires, improving efficiency by 4.04% compared to
other available dyes.
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EXTENDED ABSTRACT

Introduction

Undeniable influence of energy on the development of human societies and increasing
demands to use fossil fuels have led to the need to expand renewable energy sources such
as solar energy more so than in the past to reduce environmental pollution. Therefore,
solar cells have attracted the attention of researchers as renewable energy sources. Among
the different generations of existing solar cells, the dye-sensitized type is considered an
alternative to the previous generation due to such advantages as easy preparation,
adjustable optical properties, no complicated structure, high efficiency, lightweight, and
low cost. A nanostructured solar cell should be available to utilize the full benefit of dye
because a noticeable ratio of surface to volume is provided leading to better interaction
between the matrix and dye. This research attempted to fabricate a highly efficient solar
cell by creating a nanostructure based on the TiO2 nanoparticles and nanowires and dyes
such as saffron, turmeric, and rubia-tinctorum. It was expected that the offered solar cell to
provide advantages such as availability, compatibility, non-toxic and easy process. In this
regard, the characterization and evaluation of performance, and the effect of dye on
efficiency improvement were the main objectives of the current research.

Methodology

The used TiO2 nanowires in photo-anode were synthesized through the hydrothermal
route after preparing the substrates of FTO conductive glass. First, to synthesize the
nanowires of TiOz, their nanoparticles were dispersed within the Sodium hydroxide
solution, the obtained suspension was poured into the autoclave and stored in the oven at
a temperature of 170° C for 3 days. After this operation, the TiO2 nanowires were obtained
after filtration and purification. To prepare the photo-anode, a composite layer containing
TiOz nanoparticles and nanowires with a ratio of 1:9 was used. TiO2 deposition on the
photo-anode was performed by the doctor blade method. Then, the photo-anodes were
heated at the temperature of 150, 320, and 500° C for 15, 20, and 30 min, respectively.
After the heating operation steps, the obtained samples were kept within the TiCls for 30
min. In the next step, the dyes were provided by a solution of saffron, turmeric, and rubia-
tinctorum in ethanol. To sensitize the solar cell, the photo-anodes were immersed within
the obtained dye solutions for 24 hours. To fabricate the platinum counter electrode, FTO
glasses were used. In this research, to prepare the liquid iodide, triiodide redox electrolyte
was applied. To make an appropriate connection between the photo-anode and counter
electrode, the photo-anodes were removed from the solution containing the dyes. The
serlin polymer was cut accordingly to surround the active area of FTO glass and was
carefully inserted on the FTO in such a way that it did not penetrate the active area while
the counter electrode was heated on the hot plate for several seconds. Two operational
layers of the photo-anode and the counter electrode were placed on top of each other,
opposite to the unmarked part of the layer. Finally, the electrolyte was injected within the
structure through the holes on the FTO. These holes were blocked by serlin and small
pieces of heated glass.
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Results and discussion

The solar cells performances are shown in Figure 1 by the current-voltage curve. The
essential characteristics obtained from this curve are tabulated in Table. 1. The data of the
current-voltage curve indicates that the sensitized solar cell sample with rubia-tinctorum
dye obtained a much better result than the other dyes, offering the open circuit voltage
values of 0.73 V, short circuit current of 10.79 mA, and the efficiency of 4.04. This finding
can be attributed to the efficient absorption of rubia- tinctorum dye. According to this
curve, short circuit density was 2.23 mA/cm? for rubia- tinctorum dye, which was
significantly higher than the turmeric sample. The efficiency of a solar cell depends directly
on the density of the short circuit, open circuit voltage, and filling factor. As these factors’
values were considerable for the samples fabricated by rubia-tinctorum dye, its efficiency
was higher. The samples prepared by turmeric and saffron demonstrated open circuit
voltage of 0.67 and 0.61, and the short circuit current of 8.56 and 5.17, respectively.
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Figure 1. The current-voltage curve of sensitized solar cells with the different dyes: (a) Rubia-
tinctorum (b) Turmeric (c) Saffron.

Table 1. The comparison of obtained parameters from the current-voltage curve of sensitized solar

cells with different dyes.
Surface area Open-circuit Short circuit Fill Efficiency
SEI Dye (cm?) voltage (v) current factor (%)
g (mA/cm?) 4
1 Rubia- 0.25 0.73 10.79 0.51 404
tinctorum
2 Turmeric 0.25 0.67 8.56 0.58 3.32
3 Saffron 0.18 0.61 5.17 0.38 1.2
Conclusion

In this research, solar cells were fabricated based on the dyes and the nanostructure of
TiO2 nanoparticles/nanowires. The obtained results from the evaluation of the effect of the
used materials indicated that the combination of titanium dioxide nanoparticles and
nanowires had a significant effect on the amount of dye absorption and solar cell efficiency
due to the creation of porous microstructure and high surface-to-volume ratio. This
achievement was due to the enhancement of the connection of the dye with the titanium
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dioxide surface, which made the electron transfer path shorter and the electron transfer to
the conduction level of the semiconductor easier, and reduced the recombination
reactions. The use of rubia-tinctorum dye in the fabrication of solar cells could improve the
open circuit voltage, short circuit current, and efficiency by up to 0.73 V, 10.79 mA, and
4.04, respectively. The better and more practical capability to absorb light by rubia-
tinctorum dye with a maximum wavelength of 460 nm compared to other dyes was
distinguished as the reason for this improvement. Based on the findings, turmeric, with an
efficiency of 3.32 %, acted better than saffron after rubia-tinctorum dyes.
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