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NATURAL DYE EXTRACTED FROM Carissa spinarum FRUITS AND INVESTIGATION OF ITS POTENTIAL IN DYE SENSITIZED SOLAR CELLS
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1 Introduction
In the present world, solar energy is the most popular renewable energy source. One of the common efficient devices uses today for solar energy conversion is the photovoltaic cells. They provide a simple way of converting sunlight directly into electricity by using photoelectric effect. In 1991 Michael Gratzel and Brian O'Regan invented Dye sensitized Solar Cell (DSSC), also known as ʻʻGratzel cellʼʼ which is applicable in practice (Emran et al., 2018). It is a new kind of solar cell with simple fabrication at relatively low cost, eco-friendly and with low maintenance. It consists of a semiconductor electrode, dye sensitizer, counter electrode, and electrolyte (Kushwaha et al., 2013). The dye sensitizer can be inorganic or a natural dye. The DSSC can be fabricated using most of the natural pigments like anthocyanin, chlorophyll, tannin and carotene extracted from plant parts such as fruits, flowers and bark as sensitizers (Zolkepli et al., 2015). These natural dyes are widely available, non-toxic, low cost, biodegradable and with high absorbance extinction coefficient in UV-Visible range (El-Ghamri et al., 2014).
         In this study, we are reporting the performance of natural dye extracted from Heen Karamba (Carissa spinarum) fruit which is used as a sensitizer in DSSCs. We are comparing photovoltaic current and voltage produced by full fruit, fruit skin and flesh of the fruit extracted from Carissa spinarum fruit. The performance of these cells was characterized by the I-V measurements and impedance spectroscopy for comparison. The optical characterization of dye extraction was carried out by using UV-Visible spectroscopy.
2 Methodology
2.1 Preparation of Natural dye solution
The three natural dye solutions of full fruit, skin and flesh of the fruit were extracted with ethanol from ripe fruit of Heen Karamba (Carissa spinarum) using the following procedure. The Heen Karamba fruit was washed with distilled water and dried. After that, three samples of dye solution were extracted from seedless full fruit, skin and flesh of Heen Karamba fruit. 1 g of each sample was crushed into small pieces in a mortar. Ethanol was added to extract the dye and it was filtered. These dyes were stored in amber-coloured glass bottles and kept in a refrigerator at 4 ⁰C until use.
2.2 Preparation of working Electrode
Fluorine Doped Tin Oxide (FTO) conducting glass sheets in the size of 1 cm × 2 cm were cleaned respectively by using tap water, one drop conc. HNO3 in distilled water and only with distilled water for 5 minutes at each step in an ultrasonic bath. Then FTO glasses were boiled on a hot plate respectively by acetone, 70 % of ethanol and isopropyl alcohol and dried. After cleaning, adhesive tape was applied on the conducting side on the FTO glass plates opening 1 cm² to restrict the size and the thickness. Titanium dioxide (TiO2) paste was prepared in the following way. 0.5 g of TiO2 powder and 0.1 g citric powder was ground in a porcelain mortar and 2 ml ethanol, 1 drop of triton-x-100 and PEG 400 was added. The mixture was ground for 15 minutes in a mortar using a pestle. The past was spread on the open area of the conducting glass sheets by the doctor blade method. Then 
the adhesive tapes were removed and TiO2 films on the glass sheets were sintered in a furnace at 450 ⁰C for 30 minutes. After cooling down to room temperature, they were immersed in 2 ml of the dye solution in the test tube for 1 hour. The unabsorbed dye was washed from distilled water. The dye-coated film was air-dried and used as a photo electrode in the cells.                   
2.3 Preparation of Electrolyte and assembling DSSC
0.83 g of potassium iodide (KI) and 0.127 g of iodine (I2) was added into a 10 ml volumetric flask. Then a solution containing acetonitrile and ethylene carbonate at 8:2 ratios were added into the flask and stirred until the complete dissolution of solid materials. The conducting side of the counter electrode and dye coated TiO2 film were placed face to face to each other using two clips. A platinum-sputtered glass plate was used as a counter electrode. The capillary space between the two electrodes was filled with the electrolyte.
2.4 Characterization of DSSC and Dye
Under the photovoltaic characterization, the fabricated cells were energized under a 1000 Wm-2 light source. The photovoltaic parameters were characterized by galvanostat/potentiostat with Science Workshop 750 Interface coupled with a computer. The impedance measurements were taken using a computer coupled with Metrohm Autolab PGSTAT204. Optical characterization of extraction of full fruit was carried out using UV- visible spectrometer (Genesys 10s UV- vis).
3. Results and discussion
Fully ripped Carissa spinarum fruit is a source of anthocyanin, alkaloid, tannin and ascorbic acid (vitamin C) compounds. The types of anthocyanin commonly found in this fruit are cyanidin-3-glucoside (Chauhan et al., 2015; Beck, 2016).
3.1. J-V Characteristics
Figure 1 shows current density and voltage (J-V) Characteristics of DSSCs fabricated with TiO2 photoelectrodes coated with dyes extracted from full fruit, skin and flesh of Carissa spinarum fruit. 
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        Figure 1: J-V Characteristics of TiO2 photoelectrodes coated with dyes extracted from full fruit, skin and flesh of Carissa spinarum fruit

     Table 1 shows the short circuit current density (Jsc), open circuit voltage (Voc) obtained from Figure 1 and calculated results using equations 1 and 2 for fill factor (FF) and 
the energy conversion efficiency (ɳ) of the photovoltaic cell.

        FF = (maximum current x maximum voltage) / (Isc x Voc) ……… (1)
 η = [(FF x Isc x Voc) / 1000 Wm-2] x 100 % …………………… (2)
According to Table 1 the equal efficiency (0.294 %) was obtained for the dye extractions of full fruit and flesh of the fruit. The highest current density 2.01 mA cm-2 was obtained for dye extraction of the full fruit, but the highest voltage of 384 mV was obtained for dye extraction from the flesh of the fruit.
   Table 1: Photovoltaic measurements and calculated fill factor and efficiency of DSSCs        fabricated with TiO2 photo electrodes coated with dyes extracted from the full fruit, skin and flesh of   Carissa spinarum fruit.

	Dye extraction
	J (mA/cm2)
	V (mV)
	Fill Factor %
	Efficiency %

	Full fruit
	2.01
	322
	45.42
	0.294

	           skin
	1.31
	349
	44.4
	0.203

	flesh of fruit
	1.63
	384
	46.97
	0.294
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        Figure 2: (a) Nyquist plots and (b) equivalent circuits of DSSC of TiO2 photoelectrodes            coated with dyes extracted from full fruit, skin and flesh of Carissa spinarum fruit.
Figure 2 (a) and (b) show electrochemical impedance spectra and the resulting equivalent circuit of the DSSCs of TiO2 photoanodes coated with full fruit, skin and flesh of fruit from Carissa spinarum fruit dye extraction. The series resistance (Rs), the charge transfers resistance (R1ct) of counter electrode /electrolyte interface and the charge transfer resistance (R2ct) of the photo anode/electrolyte interface for the devices are tabulated in Table 02. According to the results of the above curves, the lowest impedance was obtained for the dye extraction of the full fruit of Heen Karamba. Therefore, the high conductivity of cell among the above three types of DSSCs has been given by FTO/ TiO2/ Dye from full fruit/ Electrolyte/ Pt configuration.
Table 2: Simulated results of series resistances (Rs) and charge transfer resistances of the (Rct) for above different dyes in DSSCs

	Dye Extraction
	Rs (Ω)
	R1ct (kΩ)
	R2ct (kΩ)

	Full fruit
	43.6
	125 x 10-3
	   11.3

	                Skin
	10.8
	30.2
	1.1 x 109

	 Flesh of fruit
	7.14
	44.8
	1.61 x 10-3


3.3. UV-Visible absorption spectrum
The absorption spectrum of full fruit dye extract from Heen Karamba (Carissa 
spinarum) fruit is shown in Figure 3. The dye absorbs in the visible range from 400–800 nm with an absorption peak appearing at around 520 nm.
Figure 3: UV-Visible absorption spectra of full fruit dye extract of Heen Karamba 

        (Carissa spinarum) fruit.

4.       Conclusion
The anthocyanin based natural dye was extracted from Carissa spinarum fruit dye extraction of the full fruit, skin and flesh of the fruit. From the results, the dye extract of full fruit that contain several pigments attributed the highest performance of 2.01 mA cm-2 short circuit current. Equal efficiency 0.294 % was shown for the dye extractions of full fruit and flesh of the fruit. The skin of the fruit mostly contains anthocyanin dye but with that alone the performance of the DSSC was poor. The dye extraction of full fruit shown an absorption spectra peak at around 520 nm in the visible region where the hump in the middle region is contributed due to presence of anthocyanin. It is evident that company of several pigments in the dye solution result better performance in DSSCs rather than restricting to a single pigment.
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