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Abstract :Dye-sensitized solar cells (DSSCs) were fabricated using titanium dioxide (TiO2) nanoparticles and two photosensitizers:
lassamine green and phloxin B. Pure anatase phase TiO, nanoparticles were synthesized. Lassamine green demonstrated the highest
efficiency of 2.23% in dimethyl sulfoxide (DMSO), accompanied by an open-circuit voltage (Voc) of 1907mV, a short-circuit current
(isc) of 1.989mA, and a fill factor (FF) of 0.58. Phloxin B exhibited its peak efficiency of 1.57% in DMSO, with V¢ of 1647mV, isc
of 1.812mA, and FF of 0.53.DMSO emerged as the optimal solvent for both sensitizers, as both lassamine green and phloxin B
achieved their maximum efficiencies in this solvent, with values of 2.23% and 1.57%, respectively.

I. INTRODUCTION

Solar cells are excellent choices for clean energy sources as they produce electricity without releasing carbon dioxide, a major
contributor to global warming [1,2]. O'REGAN and GRATZEL pioneered the Dye-Sensitized Solar Cell (DSSC) technology in 1991
[3]. Dye-Sensitized Solar Cells (DSSCs), or Gratzel cells, are a cutting-edge solar cell technology that harnesses sunlight to generate
electricity. These cells employ photoelectric principles to convert solar energy into electrical energy [4-7]. DSSCs typically consist of
photoactive semiconductors, such as titanium dioxide, which serve as working electrodes, and counter electrodes. A dye molecule,
integrated into the photoanode, plays a crucial role in absorbing sunlight and facilitating efficient electron transfer, thereby enhancing
the overall efficiency of the solar cell [8-12].

Three key factors significantly impact the efficiency of a DSSC:i) The dye's light absorption profile [13]; ii) The semiconductor
materials employed to capture and transfer electrons from the dye; iii) the dyes or sensitizers implemented.

The dye's ability to absorb light within a specific wavelength range is paramount. For example, curcumin, derived from turmeric,
effectively absorbs visible light between 400 and 580 nanometers [14]. The semiconductor material, where the dye is anchored and
electrons are collected, plays a vital role. TiO, and ZnO are commonly used due to their suitable band gaps and ability to
accommodate dye molecules on their porous surfaces [15-24]. DSSCs utilize two primary dye categories: organic and inorganic.
Inorganic dyes, such as ruthenium-based complexes, osmium polypyridyl compounds, metal porphyrins, phthalocyanins, and
inorganic quantum dots, are widely employed.

The dye's light-absorbing properties are crucial. A dye with higher light absorption in the visible spectrum leads to increased
photon absorption, ultimately enhancing the cell's efficiency. In simpler terms, the higher the light absorption efficiency of a dye in
the visible spectrum, the greater the number of photons it can capture. DSSCs predominantly utilize two categories of dyes: organic
and inorganic. Inorganic dyes commonly comprise metal complexes, such as ruthenium-based compounds, osmium polypyridyl
compounds, metal porphyrins, phthalocyanines, and inorganic quantum dots [25].

Typically, DSSCs employ synthetic ruthenium complex dyes like N719, N3, and black dye as sensitizers. TiO, photoanodes
combined with ruthenium complex dyes have achieved energy efficiencies of 10-11%[26-29]. Sol-gel synthesis is a versatile
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technique for producing pure TiO, nanoparticles. Among photosensitive substances, ruthenium polypyridyl complexes are highly
effective inorganic dyes with excellent efficiency [30].

Natural and organic dyes offer a cost-effective and eco-friendly alternative to expensive inorganic dyes. Natural pigments are
particularly promising for DSSC sensitization due to their renewable and environmentally friendly nature, ease of production, low
cost, purity, and minimal environmental impact[31-34].

To enhance efficiency and pave the way for commercialization, significant research has been dedicated to DSSCs. Literature
reviews underscore the potential of natural dyes for various applications. However, despite notable advancements, DSSCs still face
challenges in terms of reproducibility, reliability, and the development of novel photosensitizers and other components essential for
commercialization. These factors impede their widespread adoption. Nevertheless, the prospect of affordable, high-efficiency DSSCs
remains encouraging, necessitating continued research and development to fully unlock their potential in the solar energy market.

Il. MATERIALS AND METHODS
Dyes

Two dyes are selected for the research Lassamine Green and Phloxin B. The molecular structure of these dyes are shown in fig. 1.
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Figure 1: Chemical Structure of (a)Lassamine Green (b)Phloxin B

Materials

Conductive glass plates, specifically fluorine-doped tin oxide (FTO) glass with a sheet resistance of 7 ohms per square centimeter,
served as substrates for the deposition of porous titanium dioxide (TiO,) films. These glass plates were cut into 1 cm? squares. All
chemicals and solvents used were of analytical grade and employed without further purification.

Preparation of TiOz electrode

To prepare a uniform TiO; paste, a specific amount of TiO, powder was mixed with acetic acid and ethanol. This mixture was
continuously stirred for an hour, followed by the addition of ethanol to improve homogeneity and granularity. Afew drops of Triton-X
100 were added to enhance colloidal behavior, nanoparticle dispersion, and paste smoothness, ensuring a 10-12 micrometer thick TiO,
layer on the FTO glass plate. Subsequently, HCI/HNO; was added to adjust the pH to 3-4. The paste was then heated for 30 minutes.
To prepare the TiO; electrode, the FTO plate was immersed in a dye solution for 24 hours.

Preparation of counter electrode

The cathode was fabricated by depositing a chloroplatinic acid solution onto an FTO glass substrate. To prepare the counter
electrode solution, 2 milliliters of chloroplatinic acid was dissolved in a propanol solution.

DSSC fabrication

A small droplet of electrolyte solution was applied to the dye-sensitized TiO,-coated working electrode (anode). The counter
electrode, typically a platinum-coated conductive glass, was carefully placed on top of the working electrode, ensuring the conductive
side faced the dye-sensitized TiO; layer. To prevent electrolyte leakage and maintain long-term stability and efficiency, the cell's edges
were sealed.
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1. RESULTS AND DISCUSSION

Powder XRD analysis
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Figure 2: XRD pattern of grinded nano-particles of TiO, powder

TiO2 nanoparticles were subjected to powder X-ray diffraction (PXRD) analysis in order to ascertain their structure and size. The
PXRD pattern of pure TiO., as seen in Figure 2, has a single diffraction peak that is suggestive of a crystalline structure. The
production of nanocrystalline anatase TiO: is confirmed by the existence of distinctive diffraction peaks at (101), (004), and (200).

Scanning Electron Microscope (SEM) studies:

Figure 3: SEM images of TiO, at 100K X magnification

The scanning electron microscope (SEM) image of pure TiO, nanoparticles synthesized by sol gel method in Fig 3. The pure TiO,
nanoparticles have agglomerated together toform lots of nanoclusters. These nanoclusters will affect the photoelectric behavior of
TiO,. Surfactants or capping agents are frequently used to increase particle dispersion and lessen this problem.

Optical parameters of dye :

The optical properties of the photosensitizer were examined using a SYSTRONICS DOUBLE BEAM UV-Visible
Spectrophotometer 2202 within a wavelength range of 200 to 800 nanometers. Diverse spectra were recorded, exhibiting distinct
maximum absorption wavelengths (Amax) in various solvents.
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Figure 4: comparative UV- Visible absorbance curve of both sensitizersin various solvents: (a) LG in NMP (b) LG in ethanol (c) LG
in DMSO (d) PB in NMP (e) PB in ethanol (f) PB in DMSO

Electrochemical parameters of DSSC :

The fabricated DSSCs were assessed for their voltage and current output using a variable load resistor. Under standard AM 1.5G
illumination (100 mW/cm?), the open-circuit voltage (Voc) and short-circuit current (isc) were measured. These values were used to
construct an i-V curve, from which crucial parameters like maximum power point current (ipp), maximum power point voltage (Vee),
maximum power output (Pmax), fill factor (FF), and energy conversion efficiency (1) were determined. The experiment aimed to
optimize the dye's light-to-electricity conversion efficiency, leading to improvements in both isc and Voc.

Fill Factor(FF) = 222
ocC SC

. . isc X Voo X FF
Conversion Efficiency(n) = ———— x 100%
Pinput

Electrochemical parameters power conversion efficiency and fill factor of DSSCs can be calculated using above expression.
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Table 1

Electrochemical parameters of DSSC fabricated with dye extracts in using various solvents

Dye Solvents Voc(MV) isc(MA) FF n, (%)
Lassamine NMP 1654 1.682 0.66 1.852
Green Ethanol 1990 1.163 0.31 1.185
DMSO 1907 1.989 0.58 2.23
Phloxin B NMP 1381 1.611 0.54 1.206
Ethanol 1688 1.858 0.46 1.47
DMSO 1647 1.812 0.53 1.57
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Figure 5: Comparative (i-V) characteristics of both sensitizers in various solvents: (a) LG in NMP

(b) LG in ethanol (c) LG in DMSO (d) PB in NMP (e) PB in ethanol (f) PB in DMSO
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IV. CONCLUSIONS

X-ray diffraction (XRD) analysis confirmed the anatase phase of TiO, nanoparticles calcined at 250 degrees Celsius. The
fabricated DSSCs exhibited light-to-electron conversion efficiencies ranging from 1.1 to 2.2%. In N-methyl-2-pyrrolidone (NMP) and
dimethyl sulfoxide (DMSO) solvents, lassamine green demonstrated higher efficiency (1.852% and 2.23%) compared to phloxin B. In
contrast, phloxin B exhibited highest efficiency (1.47%) in ethanol. DMSO proved to be an effective solvent for both sensitizers, as
both lassamine green and phloxin B achieved their highest efficiencies of 2.23% and 1.57%, respectively, in DMSO.

V. ACKNOWLEDGEMENT

The authors are thankful to Head of the Department of Chemistry at Jai Narian Was University in Jodhpur, Rajasthan (342001) for
providing essential laboratory resources for carrying out this research.

REFERENCES

[1] Green, M. A. Emery, K. and King, D. L. 2006.Solar Cell Effciency Tables. progress in photovoltaics: research and
applications,14: 45-51.

[2] Oku, T. Takeda, A. and Nagata, A. 2010.Fabrication and Characterization of Fullerene-Based Bulk Heterojunction Solar
Cells with Porphyrin, CulnS,, Diamond and Exciton-Diffusion Blocking Layer. Energies,3: 671-685.

[3] O’Regan, B.and Gratzel, M. 1991.A low-cost, high-efficiency solar cell based on dye-sensitized colloidal TiO; films.
Nature,353:737-740.

[4] Dhamodharan, P. Manoharan, C. Bououdina, M. Venkadachalapathy R. and Ramalingan, S. 2017. Al-doped ZnO thin films
grown onto ITO substrates as photoanode in dye sensitized solar cell. Solar Energy, 141:127-44.

[5] Ahliha, A. H. Nurosyid F. and Supriyanto A. 2017.The chemical bonds effect of Amaranthus hybridus L. and Dracaena
Angustifolia on TiO; as photo-sensitizer for dyesensitized solar Cells (DSSC).AIP Conf. Proc, 1868:060001.

[6] Ahliha, A. H. Nurosyid, F. Supriyanto A. and Kusumaningsih T. 2018.Optical properties of anthocyanin dyes on TiO, as
photosensitizers for application of dye-sensitized solar cell (DSSC).IOP Conference Series: Materials Science and
Engineering,333012018.

[7]1 Sengupta, D. Mondal, B. and Mukherjee, K. 2015.Visible light absorption and photo-sensitizing properties of spinach leaves
and beetroot extracted natural dyes. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 148:85-92.

[8] Jasim, K. E. 2011. Dye sensitized solar cells-working principles, challenges and oppurtunities.Solar Cells — DyeSensitized
Devices, November 9.

[9] Gratzel, M. 2003. Dye-sensitized solar cells. Journal of Photochemistry and Photobiology C: Photochemistry Reviews, 4(2):
145-153.

[10] Saadoun, L. Ayllon, J. A. Jiménez-Becerril, J. Peral, J. Doménech, X. and Rodriguez-Clemente, R.2000. Synthesis and
photocatalytic activity of mesoporous anatase prepared from tetrabutylammonium-titania composites. Materials Research
Bulletin35(2): 193-202.

[11] Sokolsky, M. and Cirak, J. 2010. Dye-Sensitized Solar Cells: Materials and Processes. Acta Electrotechnica et Informatica,
10: 78-81.

[12] Zhang, Q. F. and Cao, G. Z. 2011. Nanostructured photoelectrodes for dye-sensitized solar cells. Nano Today,6(1): 91-109.

[13] Wongcharee, K. Meeyoo, V. and Chavadej, S. 2006. Dye-sensitized Solar Cell Using Natural Dyes Extracted from Rosella
and Blue Pea Flowers. Solar Energy Material and Solar Cells, 91: 566-571.

[14] Kabir, F. Bhuiyan, M. M. H. Hossain, M. R. Bashar, H. Rahaman, M. S. Manir, M. S. Ullah, S. M. Uddin, S. S. Mollah, M.
Z. l. Khan, R. A. Huque, S. and Khan, M. A. 2019. Improvement of efficiency of Dye Sensitized Solar Cells by optimizing
the combination ratio of Natural Red and Yellow dyes. Optik, 179: 252-258.

[15] Koumura, N. Wang, Z. Mori, S. Miyashita, M. Suzuki, E. and Hara, K. 2006. Alkyl-Functionalized Organic Dyes for
Efficient Molecular Photovoltaics.Journal of the American ChemicalSociety,128(44): 14256-14257.

[16]El-Agez, T. M. Tayyan, A. A. and Abdel-Latif, M. S. 2009. New Efficient Organic Compounds in Dye-Sensitized Solar
Cells. The Islamic University Journal, 17: 61-70.

[17] Calogero, G. Sinopoli, A. Citro, I. Di Marco, G. Petrov, V. Diniz, A. M. Parola, A. J. and Pina, F. 2013. Synthetic analogues
of anthocyanins as sensitizers for dye-sensitized solar cells. Photochemical & Photobiological Sciences,12: 883-894.

[18] Karthikeyan, S. and Lee, J. Y. 2013. Zinc-Porphyrin Based Dyes for Dye-Sensitized Solar Cells. Journal of Physical
Chemistry A,117(42): 10973-10979.

[19] Huizhizhou, Wu, L. Gao, Y. and Ma, T.2011. Dye-sensitized solar cells using 20 natural dyes as sensitizers. Journal of
Photochemistry and Photobiology A: Chemistry219(2-3): 188-194.

[20] Yamazaki, E. Murayama, M. Nishikawa, N. Hashimoto, N. Shoyama, M. and Kurita, O. 2007. Utilization of natural
carotenoids as photosensitizers for dye-sensitized solar cells. Solar Energy, 81(4): 512-516.

JETIR2412707 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ h50


http://www.jetir.org/
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=B0h47WAAAAAJ&citation_for_view=B0h47WAAAAAJ:Qy-rCirNo-8C
https://www.sciencedirect.com/journal/spectrochimica-acta-part-a-molecular-and-biomolecular-spectroscopy
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-c-photochemistry-reviews
https://www.sciencedirect.com/journal/materials-research-bulletin
https://www.sciencedirect.com/journal/materials-research-bulletin
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-a-chemistry
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-a-chemistry

© 2024 JETIR December 2024, Volume 11, Issue 12 www.jetir.org (ISSN-2349-5162)

[21] EI-Agez, T. M. El Tayyan, A. A. Al-Kahlout, A. Taya, S.A. and Abdel-Latif, M. S. 2012. Dye-Sensitized Solar Cells Based
on ZnO Films and Natural Dyes. International Journal of Materials and Chemistry 2(3): 105-110.

[22] Taya, S.A. ElI-Agez, T. M. EI-Ghamri, H. S. and Abdel-Latif, M. S. 2013. Dye-sensitized solar cells using fresh and dried
natural dyes. International Journal of Materials Science and Applications,2(2): 37-42.

[23] Abdel-Latif, M. S. EI-Agez, T. M. Taya, S.A. Batniji, A.Y. and EI-Ghamri , H. S. 2013. Plant Seeds-Based Dye-Sensitized
Solar Cells. Materials Sciences and Applications,4(9): 516-520.

[24] Chen, X.B. and Mao, S.S. 2007.Titanium Dioxide Nanomaterials: Synthesis, Properties, Modifications, and Applications.
Chemical Reviews,107, 2891-2959.

[25] Adedokun, O. Titilope, K. and Awodugba, A. O. 2016. Review on Natural Dye-Sensitized Solar Cells (DSSCs).
International Journal of Engineering Technologies WET,2(2): 34.

[26] Gratzel, M. 2006. Photovoltaic performance and long-term stability of dye-sensitized meosocopic solar cells.
ComptesRendus. Chimie, 9(5-6): 578-583.

[27]Ramli, N.F. Fahsyar, P.N.A. Ludin, N.A. Teridi, M.A.M. Ibrahim, M.A. Zaidi, S.H. and Sepeai, S. 2019. Compatibility
between compact and mesoporous TiO; layers on the optimization of photocurrent density in photoelectrochemical cells.
Surfaces and Interfaces, 17: 100341.

[28] Sedghi, A. and Miankushki, H. N. 2015. The Effect of Drying and Thickness of TiO, Electrodes on the Photovoltaic
Performance of Dye-Sensitized Solar Cells. International Journal of Electrochemical Science,10: 3354-3362.

[29] Kumari, J. M. K. W. Sanjeevadharshini, N. and Dissanayake, M. A. K. L. 2016. The effect of TiO, photoanode film
thickness on photovoltaic properties of dye-sensitized solar cells. Ceylon Journal of Science, 45(1): 33-41.

[30] Hemalatha, K.V. Karthick, S.N. Raj, C. J. Hong, N. Y. Kim, S. K. and Kim, H. 2012. Performance of Kerria
japonica and Rosa chinensis flower dyes as sensitizers for dye-sensitized solar cells. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy,96: 305-309.

[31] Kishimoto, S. Maoka, T. Sumitomo, K. and Ohmiya, A. 2005. Analysis of Carotenoid Composition in Petals of Calendula
(Calendula officinalis L.). Bioscience, Biotechnology & Biochemistry, 69: 2122-2128.

[32] Keka, S. Saha, P.D. and Datta, S. 2012. Extraction of natural dye from petals of Flame of forest (Butea monosperma) flower:
Process optimization using response surface methodology (RSM). Dyes and Pigments,94: 212-216.

[33] Nishantha, M. R. Yapa, Y. P. Y. P. and Perera, V. P. S.2012. Sensitization of Photoelectrochemical Solar Cells with a
Natural Dye Extracted from Kopsiaflavida Fruit. Proceedings of the Technical Sessions, 28: 54-58.

[34] Tang, J. Qu, S. Hu, J. Wu, W. and Hua, J. 2012. A new organic dye bearing aldehyde electron-withdrawing group for dye-
sensitized solar cell. Solar Energy,86: 2306-2311.

JETIR2412707 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ h51


http://www.jetir.org/
https://pubs.acs.org/journal/chreay?ref=breadcrumb
https://www.sciencedirect.com/journal/surfaces-and-interfaces
https://www.sciencedirect.com/journal/international-journal-of-electrochemical-science
https://www.sciencedirect.com/journal/spectrochimica-acta-part-a-molecular-and-biomolecular-spectroscopy
https://www.sciencedirect.com/journal/spectrochimica-acta-part-a-molecular-and-biomolecular-spectroscopy
https://www.sciencedirect.com/journal/dyes-and-pigments
https://www.sciencedirect.com/journal/solar-energy

