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Abstract

In this study, the optical, structural, and electronic performance of natural dyes extracted from three plant sources—
pomegranate flower, sumac, and corn silk—were investigated to evaluate their efficiency in dye-sensitized solar cell (DSSC)
applications. UV-Vis spectroscopy revealed that the pomegranate flower pigment exhibited the highest light absorption in the
UV-visible range and the greatest anthocyanin content. In dye— TiO2 composites, the pomegranate flower sample also
demonstrated the strongest optical response. FTIR analysis confirmed the clear presence of O-H, C=0, and C-O bonds in the
pomegranate flower extract and, to a lesser extent, in corn silk, indicating the existence of active chromophores and functional
groups suitable for effective binding to TiO2. Conductivity comparisons showed that deionized water as a solvent significantly
enhanced conductivity, particularly in the corn silk extract, due to the presence of polar compounds and increased ionic
mobility. Energy-level analysis along with electrolyte resistance measurements, demonstrated that pomegranate flower and
corn silk possess optimal energy gaps, lower LUMO levels, and reduced electrolyte resistance compared with other samples.
These features are crucial for improving electron transfer in DSSCs. Overall, the results indicate that pomegranate flower and
corn silk extracts, owing to their structural, optical, and electronic characteristics, are promising candidates for application in
natural dye-sensitized solar cells.

Keywords: Anthocyanin, dye, Extraction, Dye-Sensitized Solar Cell
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Natural Dye Main functional pKa isoelectric point Application potential |n'solar cells
groups range ) and key properties
Hydroxy!l group (— pH-dependent color change (red in
Anthocyanins OH), methoxy (— 1-4 ~4-5 (pH acidic environment — blue in alkaline).
OCHs), fluovylium sensitive) High antioxidant properties. Application
cation in pH sensors
Chlorophyll (a/b)  Carboxyl group (- Amphiohili High light absorption but unstable in
hvri 7 mphiphilic . - L
COOH), porphyrin 45 (unspecified) light. Potential for use in bio-solar cells
*ring with Mg2 P due to magnesium redox activity
Beta-carotene N/A Excellent light absorption (400-500
carotenoids . xcellent light absorption —
( ) Conjugcaggidnpolyan (non- No charge nm). Application in solar cells for UV
polar) protection
High solubility in water. Decomposes at
Betalains Ca;'.:]ribnooxy(/_IIEI—HC;’)C;Q ‘:‘ ~3-5 S'ﬁ'4'5. pH > 7. Potential for electrolyte studies
2) group (Amphoteric) due to zwitterionic nature
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Table 2 : Plants and their extracted Dyes
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Table 3: Maximum absorbtion and extraction from the plants
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Figure 4. UV-Vis absorption spectra of dye extracts (solid line) and dye-TiO- complexes (dashed line) for: (a) corn silk,
(b) sumac, and (c) pomegranate flower, in the wavelength range of 300-800 nm.
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Figure 5. FTIR spectra of natural dyes extracted from pomegranate flower (red), sumac (green), and corn silk (blue)
in different solvent systems (ethanol, distilled water, and an ethanol:water mixture in a 1:1 ratio).
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Figure 6. Cyclic voltammetry (CV) curves of the extracted dyes from pomegranate flower (red), corn silk (blue), and
sumac (green).
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Table 4. Comparison of the electrical conductivity of the samples in different solvents (in pS).

Number Sample Eromo(eV) Erumo(eV) Eq(eV) R(Q)

1 Sumac 6.3 33 3.0 0.139

2 Pogmegrana _6.31 331 3. 0.0043
Flower

3 Cornsilk 26.29 _3.29 2.99 0.0037
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