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Natural sensitizer extracted 
from Mussaenda erythrophylla 
for dye‑sensitized solar cell
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In this study, a natural dye from the flowers of Mussaenda erythrophylla extracted separately 
in ethanol and de-ionized water was employed as a photosensitizer in DSSCs. The quantitative 
phytochemical analyses were performed on both extracts. The existence of flavonoids (anthocyanin) 
and chlorophyll a pigments in the ethanol extract of the dye was confirmed by the UV–Visible 
spectroscopy. The stability study performed on the said ethanol extract confirmed that the dye 
extracted in ethanol was stable in the dark and did not degrade for nearly 50 days. The presence of 
the dye molecules and uniform adsorption of them on the P25-TiO2 surface were confirmed by fourier 
transform infrared spectroscopy and atomic force microscopy, respectively. Moreover, the influence 
of dye concentration and pH on the optical properties of the dye was also studied. The natural dye 
extracted in ethanol was employed in DSSCs, fabricated by utilizing the said dye sensitized P25-TiO2 
photoanodes, I−/I−
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 electrolyte, and Pt counter electrode. Photovoltaic performances of the fabricated 
devices were determined under simulated irradiation with the intensity of 100 mWcm–2 using AM 1.5 
filter. The device fabricated with the P25-TiO2 photoanode sensitized by the dye extracted in ethanol 
at pH = 5 exhibited the best power conversion efficiency (PCE) of 0.41% with the JSC of 0.98 mAcm–2 
which could be attributed to the optimum light absorption in the visible region of solar spectrum by 
the chlorophyll a and anthocyanin molecules in the extracted natural dye.

Dye-sensitized solar cells (DSSC) have gained worldwide attention for many years due to low production cost 
and environmentally friendly operation. The operation principle of DSSC is similar to the photosynthesis, a 
natural process. Here, the device is capable of generating energy by converting the absorbed Sunlight into 
electrical energy. Generally, a DSSC is composed of a mesoporous metal oxide semiconductor, a dye sensitizer, 
an electrolyte containing iodide and triiodide ions and a counter electrode1. In DSSC, sensitizers play a key 
role in harvesting the sunlight and then transforming it into electrical energy. Numerous metal complexes and 
organic dyes have been synthesized and utilized as sensitizers. Yet, ruthenium based synthetic organic dyes are 
found to be effective sensitizers. By far, the highest efficiency of over 11% has been reported for DSSCs sensitized 
by Ru based N719 dye2. However, the preparation routes for metal complexes are often based on multi-step 
procedures involving tedious and expensive chromatographic purification procedures3. It is anticipated that 
replacing synthetic organic dyes with natural pigments, such as chlorophyll and anthocyanin, could resolve the 
above limitations as they can be easily extracted from the fruits, leaves, roots and flowers of plants.

Generally, many of the plant parts contain chlorophyll and anthocyanin pigments. Chlorophyll is the most 
abundant pigment in green plants and each chlorophyll molecule possesses a Mg2+ ion surrounded by four 
pyrrole rings, one of which is bonded to a phytol tail4. Chlorophyll molecules are described as photoreceptors 
due to their light absorbing property. There are two types of chlorophyll, namely chlorophyll a and chlorophyll b, 
which differ in their structures at the C3 position of one of the pyrrole rings. The C3 position of the said pyrrole 
ring in chlorophyll b contains a formyl (–CHO) side chain whereas a methyl (–CH3) group is present at the 
same position in chlorophyll a5. Due to the presence of different substituents, the chlorophyll a and chlorophyll 
b molecules exhibit varied light absorption properties. Hence, chlorophyll absorbs light in a wide wavelength 
range corresponding to blue, red and violet regions of the visible spectrum6. Anthocyanin is another pigment 
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