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Abstract: Herein, we have studied dye sensitized solar cell (DSSC) from natural dyes extracted from fruit and leaf of
Discopodium peninervum as photosensitizers based on TiO2 photoanode material. The optical characterization were carried
out using UV-Vis spectroscopy the as optical properties were studied. The photovoltaic performances of the as fabricated
DSSC from fruit and leaf of Discopodium peninervum in terms of maximum current density (Jmax), maximum voltage (Vimax),
maximum power (Pmax), open circuit voltage (Voc), short circuit current density (Jsc), fill factor (FF), and power conversion
efficiency (n) were studied under sunlight approximately 100 mW ¢m? illumination. The recorded power conversion of the
solar cells made from fruit of Discopodium peninervum were 1.201, 0.259, 0.311, 0.313, 1.56, 63.69, and 0.311 respectively
and for leaf of Discopodium peninervum were 2.68, 0.550, 1.474, 0.650, 3.60, 62.99, and 1.474 respectively. Also the
stability of the as prepared DSSC after their assembly for both fruit and leaf were studied, and as the duration of cell
assembly increase the efficiency of the as prepared DSSC rapidly decreased. It shows the formation of fast degradation, and
this may due to the nature of high volatility of liquid electrolyte used which may quench the dye solutions.
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1 Introduction

Due to the rapid advancement of technology together with population and economic growth, the need of renewable energy
resources has resulted in the rapid growth and much attention for dye sensitized solar cells (DSSCs) with time [1]. The low-
cost nature of DSSCs proffers them as lucrative substitutes to the conventional silicon-based solar cells (SBSCs).
Moreover, the future inspires us to build energy-sustainable buildings for future cities the as DSSC is a promising energy
sources [2]. DSSCs are made up of photosensitizers, counter electrodes, redox electrolytes, and semiconductor electrodes, in
which the photosensitizer is the critical part [3]. DSSCs have been taken as low-cost photovoltaic devices as compared to the
first and second generation of solar cells called SBSCs and thin-film solar cell cells (TFSCs). They have got widespread
attention in recent years; although much work is required to reach ideal device efficiencies. DSSCs are the third generation of
photovoltaic system. SBSCs and thin-film technologies are the first and second generation of solar cells. As compared to
SBSCs and TFSCs, DSSCs cells have low-cost, good absorbers of sunlight, easy operation, and environmentally benign or
promise for reduction of CO2.Natural plants such as fruits, leafs, flowers, roots, and seeds are the important parts of plants
used for sensitization that can be extracted easily and becomes adsorbed on nano-crystalline, wide band gap metallic oxide,
semiconductor porous material in order to play a key role in absorbing in coming photon, light energy in DSSC [4, 5]. The
anthocyanin and chlorophyll pigments are widely found in fruits, leafs, flowers, and roots of plants responsible for several
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colors in the red-blue range and green respectively. They have anchoring groups, carbonyl (C=0) and hydroxyl (O -H), that
make attachment to the oxygen site of TiO: film and allow electron injection. This paves the way to the electron transfer from
the anthocyanin and chlorophyll molecule to the conduction band of TiOz [6]. The full structure for preparing DSSC shown
in Figure 1 depicts the mechanism to convert solar energy into electrical energy. Since the role of the absorption of visible
light and the conversion of photon energy into electricity is played by the dye and much attention paid in the identification of
effective sensitizer.

Anode

€ Electrolyte

Cathode
FTO glass

1.

Fig. 1: A full structure of the as prepared DSSC.

Due to their cost, efficiency, availability, non-toxicity, and complete biodegradation, natural dyes from fruits, leafs, flowers,
and roots get a wide attentions now a days. Alhamed et al. works homemade DSSC using natural dyes extracted from
raspberries, shami-berries, grapes, hibiscus, and chlorophyll [7]. Another scholar Lai et al. also studied by using
rhoeospathacea in DSSC as a dye sensitizer [8] and till now a lot effort is incorporated on the search of natural plant.
However, in this work an alternative natural plant which is from fruit and leaf of Discopodium peninervum were used as
photosensitizers for fabrication of DSSC. Fruit and leaf of Discopodium peninervum have both chlorophyll and anthocyanin
pigments which can be used as light harvesting material for DSSC.

2 Experimental Sections

Chemicals used were; Triton-X 100 (India), ethylene glycol (99.0%, India), iodine (99.0%, India), Fluorine doped tin oxide
(FTO, 2.5 cm x 2.5 cm, 15 Q), glacial acetic acid (99.5%, SCR-India), TiO> powder, ethanol (99.0%, India), 2-propanol
(99.0%, India), Acetone (99.0%), glass rod, Graphite of pencil (2B NATARAJ®, China), and natural dye that were extract
from fruit and leaf of Discopodium peninervum.

2.1 Preparation of Natural Photosensitizers

Fresh fruits and leafs of Discopodium peninervum were collected then it washed with pipe water followed by distilled water
to get ride off the dust particles and were allowed to dry using an electrical oven setting up a temperature at 40°C. Then, the
samples were crushed with a pestle and mortar until homogenous powder obtained.

For a typical extraction of dyes, 2.0 g of powdered Discopodium peninervum leaf were mixed with 20 mL (1:10) of 99.0%
ethanol by using a magnetic stirrer for 2 hrs. to disperse the powder completely and then kept for 48 hrs. in a dark place to
prevent effect of light [9]. Then the extracted solution was filtrated out using filter paper to remove any precipitate presence in
the crude extraction.

For Discopodium peninervum fruit the extraction procedure was same as [10] with some modifications. Fresh Discopodium
peninervum fruits were peeled out and the juice extracted from the pulp coats using a fruit juice extractor while adding a
few drop of distilled water. The extraction was then carried out by a sequence of filtration, centrifugation, and decantation
to remove any precipitate present in the crude extract. The respective photographic images of Discopodium peninervum
fruit and leaf of powdered and extracted dye solutions are shown below in Figure 2.

© 2019 NSP
Natural Sciences Publishing Cor.



J. Nano. Adv. Mat. 7, No. 2, 27-35 (2019)/ http://www.naturalspublishing.com/Journals.asp m 29

2.2 Preparation of TiO2 Electrode (Photoanode)

The TiOz film on the FTO glass (resistance of 15 ) was prepared using a doctor blade technique to obtain suitable

Jopmod Jeay

Fig. 2: A schematic diagram shows the as extracted sample dye solutions for (A) fruit and (B) leaf of Discopodium
peninervum.

thickness of TiO: film [11]. FTO glasses were cut with a dimension size of (2.5 cm x 2.5 cm) and were cleaned in a
detergent solution using an ultrasonic bath each step for 20 minutes, rinsed with ethanol, acetone, 2-propanol, and then was
allowed to dry for 15 minutes.

3.0 g of commercial TiO2 powder was mixed with a small amount of distilled water (1 mL) containing 0.1 mL of glacial
acetic acid to prevent aggregation of the particles. After the powder had been dispersed by the high shear forces in the
viscous paste, it was diluted by slow stepwise addition of 4 mL distilled water and 1 drop of transparent surfactant (triton
X-100) under continued mixing with in a porcelain mortar and pestle. The mixture was homogenized very well by using an
ultrasonic bath for half an hour and the resulting paste was carefully spread over an FTO conductive glass plate by using
scotch tape [11].

2.3 Preparations of Counter Electrode (Photo Cathode)

Here in, our work the counter electrode was prepared using an FTO coated glass as described elsewhere [12]. The FTO
glass was ready and wiped with distilled water followed by ethanol and was dried at room temperature. Then the
conductive side of the FTO glass was identified with digital multimeter and was coated the surface with graphite pencil
then after as shown in Figure 3 and it was checked to ensure the homogeneity of coated.

2.4 Preparation of Electrolyte

The electrolyte in this work was prepared as described elsewhere [13]. For a typical electrolyte preparation, it was carried
out by dissolving 8.3 g of 0.5 M of KI and 1.27 g of 0.05 M of I in ethylene glycol until it was 100 mL to obtain an (I'/I3)
ions which used as an acceptor and donor for electrons through a redox reaction and counter electrode. The mixture was
stirred by using magnetic stirrer the as to be homogenized.

2.5 Assembly and Fabrications of DSSC

A DSSC was assembled by introducing the electrolyte into the space between the TiO: electrode (photo anode) and the
counter electrode (cathode) by capillary action [4]. The two electrodes were clipped together using binder clips as depicted
in Figure 3. The excess electrolyte solution wiped off from the exposed areas of the glass cell; because the survival affects
the work of the cell and this may prevent the electrolyte from leakage.

2.6 Optical Characterization and Measurements of the Cell

The optical absorption property of the as prepared dye solution was investigated for dye only and dye with TiOz the as dye
loading investigation carried out by using UV-Vis spectrophotometer. The sintered TiO2 paste was immersed with dye
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solution in a petri dish about 48 hrs. and the absorbance was taken for both (pure TiOz and dye with TiO2) samples at wave
length range between 400-800 nm to investigate dye loading effect.

Fig. 3: The as assembled DSSCs of Discopodim peninervum (A) fruit and (B) leaf.

The power conversion efficiency was determined using a two digital multimeter keeping the as prepared DSSC in sunlight
of approximately 100 mW cm-2. Herein, the light source we used was the sun at mid-day around 10:30 hr. using digital
multimeter. The data were taken by designing electrical circuit on the card board with various different electronic resistors
in series connection as load to estimate J-V curve. The maximum resistance for Voc where current reading became zero
and minimum resistance for Jsc where voltage reading became zero were determined.

=3 B
Voc for leaf dye@ 0 hr.

Fig. 4: Using binder clips to sandwich anode (top) and cathode (bottom) slides (A) digital multimeter connected to variable
series resistors the as measured Voc and Jsc and (B) testing the as prepared DSSC voltage using card board circuit.

2.7 Investigations of the Stability of Natural Dye Sensitizers

To date, DSSCs faces stability problem which is a serious issue in the fabrications of DSSCs. In this work the stability of the
as prepared DSSCs for both fruit and leaf were studied at different time intervals with their assembly and consequently the
effect of duration of the cell and was tried to compare with their efficiency of the as prepared DSSC at each time intervals as
shown in Figure 9 [13, 14].

3 Results and Discussion

3.1 Optical Characterizations of Natural Dyes

The absorption spectra for fruit and leaf of Discopodium peninervum dye, fruit and leaf of Discopodium peninervum dye with
TiO», and pure TiOz are illustrated in Figure 5. Fruit of Discopodium peninervum dye and fruit of Discopodium peninervum
dye with TiO2 shows a broad absorption in the visible region with a peak at 576 nm and 578 nm respectively. This intense
absorption related with that reported for anthocyanin and is the reason for the efficient harvesting of photons in NDSSC [10].
Plant parts containing anthocyanin have been widely investigated for use as photosensitizers in the fabrication of NDSSC. In
addition to their high absorption coefficient in the visible region of the electromagnetic spectrum, the presence of hydroxyl
and carbonyl anchoring groups on anthocyanins enable their adsorption on to the surface of the TiO.. This adsorption
facilitates the transfer of the injected electron from dye to the conduction band of TiO2 which ultimately enhances the
efficiency of NDSSC [10].

Consequently, the appearance of absorption peaks spectra for leaf of Discopodium peninervum dye solutions at wavelength of
537, 618, 642, and 661 nm and leaf of Discopodium peninervum dye with TiO2 at wavelength of 539, 620, 662, and 670 nm
indicates that leaf extracted dyes contain an anthocyanin and chlorophyll pigments and may also be used as anticipating
photo-sensitizer of DSSC due to its good absorbance in the visible region [15].
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3.1.1 Energy Band Gap Determination

The optical absorption band gap energy for fruit and leaf of Discopodium peninervum extracted dye solutions and dye
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Fig. 5: Absorption spectra of Discopodium peninervum fruit dye, fruit dye with TiOz, leaf dye, leaf dye with TiO2 and pure
TiOx.

solutions adsorbed on TiO> wave length in the range of 400-800 nm were studied. From the recorded fed results the
absorption spectrum analysis and absorption coefficient calculation as a function of photon, band gap energy were carried
out using equation-1.
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Fig. 6: Optical band gaps energy of Discopodium peninervum fruit dye (pink), fruit dye with TiO, (blue), leaf
dye (red), and leaf dye with TiO, (green).

Table 1: Maximum absorption wave length and band gap energy of extracted dye and their adsorption on TiOz surface.

Dye Amax (nm) Aonset (nm) Eg(Xmax) (eV) Eg (onset) (CV)
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Fruit dye 576 584 2.154 2.125
Leaf dye 661 703 1.877 1.765
Fruit dye with TiO2 578 588 2.147 2.110
Leaf dye with TiO2 670 709 1.852 1.750

3.2 Photo Electrochemical Measurement

The photovoltaic properties of the DSSCs the as prepared dye were studied using digital multimeter and electrical circuit on
wooden board made from several variable resistors as load. At sun irradiance in mid-day were used as light source and the
obtained voltages with respective resistor were used to compute current according Ohm’s law;

1:% 1(a)
P=IxV 1(b)

The results were used to characterizing J-V and P-V curves as shown in Figure 19. The corresponding photo-electrochemical
parameters have been listed in Table 5.

The DSSC performances were decided by their overall conversion efficiency (9). The solar cells outputs were characterized
by the following parameters (Jse, voc, Jmax, Vimax, Pmax, and FF).
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Fig. 7: The J-V and P-V characteristic curves of Discopodium peninervum (A) leaf and (B) fruit of the as prepared DSCC
under illumination of 100 W cm 2 (1.5 AM).

Table 2: The photovoltaic performance of the as fabricated DSSCs from fruit and leaf of Discopodium peninervum
comparisons with other previous works (fruits and leafs).

Dye Jse Voc Jimax Vmax Punax FF n (%) Remarks
V) V) (%)
(mA cm?) (mA cm?) (mW cm?)
Fruit 1.560 0.313 | 1.201 0.259 | 0.311 63.69 | 0.311 | This work
Leaf 3.60 0.650 | 2.680 0.550 | 1.474 62.99 | 1.474 | This work
© 2019 NSP

Natural Sciences Publishing Cor.



J. Nano. Adv. Mat. 7, No. 2, 27-35 (2019)/ http://www.naturalspublishing.com/Journals.asp 33
Red amaranth leaf 1.310 0.582 69.70 | 0.530 | [14]
Jabuticaba fruit 0.230 0.350 23.00 | 0.080 | [16]
Pomegranate dye 12.20 0.390 | 8.500 0.230 41.00 | 2.00 [10]

Black berry dye 11.16 0.470 | 6.980 0.200 26.00 | 1.400 | [10]

3.3 Investigation of the Stability of DSSC

In this work we have tried to compare the performance of the as prepared DSSC with different time interval of after their
assembly (0, 1, and 6 hrs.) as shown in Figure 20. And the overall power conversion efficiency after their assemblies were
calculated based on equation 2 and 3 and their efficiencies are summarized in Table 6 consequently their efficiency
decreases as the duration of DSSC increase.
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Where Pin is the energy of the incident light falls on the DSSC and is obtained when the light intensities of the whole
spectral range are integrated.
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Fig. 8: Comparisons of J-V characteristics curve for (A) leaf and (B) fruit of Discopodium peninervum in three different
times 0, 1, and 6 hrs. Respectively.

After six hours, the fabricated DSSC using Discopodium peninervum fruit and leaf dyes that were extracted from ethanol
solvent shows poor stability indicates that in liquid electrolyte as the duration of DSSC increase stability became decrease.
This may be due to the fast degradation of a highly volatility of liquid electrolyte. Improving the attachment of the dyes
onto TiO2 by introducing carbonyl groups and the use of quasi-solid state electrolyte may address the stability problem
[17].

Table 3: The photovoltaic performance stability results of the as prepared DSSCs at three different time intervals.

Dye Time (hrs.) Jse Vo (V) Jimax Vmax Punax FF IL(%)
V) (%)
(mA cm?) (mA cm?) (mW cm?)
Leaf |0 3.60 0.650 2.680 0.550 1.474 62.99 1.474
1 1.18 0.387 0.995 0.287 0.286 62.63 0.286
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0.75 0.222 0.635 0.167 0.106 64.24 | 0.106
Fruit 1.560 0.313 1.201 0.259 0.311 63.69 | 0.311
1.22 0.287 1.021 0.255 0.260 74.26 | 0.260
0.87 0.174 0.565 0.134 0.076 50.20 | 0.076

Despite of their numerous advantages, DSSC faces stability problem which is a vital parameter in DSSCs. In this study we
have compared the overall efficiency of the as prepared DSSC from fruit and leaf of Discopodium peninervum between 0,
1, and 6 hours of their assembly as shown in Figure 9 and Table 3.
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Fig. 9: Stability graph of the as prepared DSSC from fruit and leaf of Discopodium peninervum based on their
efficiency and durations at different time intervals.

4 Conclusions

The UV-Vis spectrophotometer absorbance measurements of dye only and dye with TiO: for both fruit and leaf of
Discopodium peninervum extracted dyes using ethanol as a solvent were carried out and their absorption peaks were in the
visible regions may be due to the presence of chlorophyll and anthocyanin pigments. The extracted dyes from fruit and leaf of
Discopodium peninervum have shown continuous broader absorption trend in the visible region at wave length ranges 480-
585 and 515-705 nm respectively. However, after TiO2 loading in to dyes the red (bathochromic) and blue (hyper chromic)
shift to the pure extracted dye peaks were observed. It depicts that the dye molecules have made chemical bond with oxygen
site of TiOz2 surface. The optical absorption band gaps for both fruit and leaf of Discopodium peninervum were determined
from UV-Vis absorption spectrophotometer and were 2.125 eV for fruit and 1.765 eV for leaf.

The stability and photovoltaic performance of the extracted from fruit and leaf of Discopodium peninervum dye sensitizers for
the constructed DSSCs were determined between the time intervals of 0 and 6 hrs. And, the resulted efficiency of the as
prepared DSSC for fruit and leaf of Discopodium peninervum were 0.311 at 0 hr., 0.260 at 3hrs. and 0.076 at 6 hrs. for fruit
and 1.474 at 0 hr., 0.286 at 3 hrs., and 0.106 at 6 hrs. for leaf which shows as the duration of the as assembly increase the
efficiency of the cell becomes lower. The highest attainable efficiencies from both fruit and leaf of Discopodium peninervum
dyes were observed at 0 hrs. and decreases rapidly after 6 hrs. This may due to the fast degradation of highly volatility of
liquid electrolyte.

The overall of this study suggests that the exploitation of Discopodium peninervum fruit and leaf as photosensitizers could be
taken as a possible alternative realization for further fabrication of DSSCs from other natural dyes.

Acknowledgements: The authors gratefully acknowledge Debre Markos University, Department of Animal Science for
allowing us to use characterization instrument and Department of Chemistry for allowing us to use chemicals.

References

[1] Pearce, J.M., Photovoltaics—a path to sustainable futures. Futures., 34(7), 663-674, 2002.

[2] Ludin, N.A., et al., Review on the development of natural dye photosensitizer for dye-sensitized solar cells. Renewable and
Sustainable Energy Reviews., 31, 386-396, 2014.

© 2019 NSP
Natural Sciences Publishing Cor.



J. Nano. Adv. Mat. 7, No. 2, 27-35 (2019)/ http://www.naturalspublishing.com/Journals.asp %@ 35

[3] Al-Alwani, M.A., et al., Dye-sensitised solar cells: development, structure, operation principles, electron kinetics, characterisation,
synthesis materials and natural photosensitisers. Renewable and Sustainable Energy Reviews., 65, 183-213, 2016.

[4] Ayalew, W.A. and D.W. Ayele, Dye-sensitized solar cells using natural dye as light-harvesting materials extracted from Acanthus
sennii chiovenda flower and Euphorbia cotinifolia leaf. Journal of Science: Advanced Materials and Devices., 1(4),488-494, 2016.

[5] Taya, S.A., et al., Dye-sensitized solar cells based on dyes extracted from dried plant leaves. Turkish Journal of Physics., 39(1), 24-
30, 2015.

[6] Maurya, I.C., P. Srivastava, and L. Bahadur, Dye-sensitized solar cell using extract from petals of male flowers Luffa cylindrica L. as
a natural sensitizer. Optical Materials., 52,150-156, 2016.

[7] Hernandez-Martinez, A.R., et al., New dye-sensitized solar cells obtained from extracted bracts of Bougainvillea glabra and
spectabilis betalain pigments by different purification processes. International journal of molecular sciences., 12(9), 5565-5576,
2011.

[8] Lai, W.H., et al., Commercial and natural dyes as photosensitizers for a water-based dye-sensitized solar cell loaded with gold
nanoparticles. Journal of Photochemistry and Photobiology A: Chemistry., 195(2-3), 307-313, 2008.

[9] Maiaugree, W., et al., A dye sensitized solar cell using natural counter electrode and natural dye derived from mangosteen peel
waste. Scientific reports., 5, 15230, 2015.

[10] Ghann, W., et al., Fabrication, optimization and characterization of natural dye sensitized solar cell. Scientific reports., 7, 41470,
2017.

[11] Wuletaw, A.A., Delele, W. A.,, Dye-sensitized solar cells using natural dye as light-harvesting materials extracted from Acanthus
sennii chiovenda flower andEuphorbia cotinifolia leaf. Advanced Materials and Devices., 488-494, 2016.

[12] Uddin. J., L., Jahid, M. M., Ejajul K., etal.,, Preparation and Characterization of Dye Sensitized Solar Cell Using NaturalDye Extract
from Red Amaranth (Amaranthus sp.) as Sensitizer. International Journal of Thin Films Science and Technology., 4(2), 141-146,
2015.

[13] Uddin, J., et al., Preparation and Characterization of Dye Sensitized Solar Cell Using Natural Dye Extract from Red Amaranth
(Amaranthus sp.) as Sensitizer. International Journal of Thin Films Science and Technology., 4(2), 141, 2014.

[14] Ramanarayanan, R., et al., Natural dyes from red amaranth leaves as light-harvesting pigments for dye-sensitized solar cells.
Materials Research Bulletin., 90, 156-161, 2017.

[15] Danladi, E.O., A. J.; Olowomofe, O.G.; Onimisi, Y.M.; Aungwa, F., Enhancement in Photovoltaic Parameters of a Dye Sensitized
Solar Cell by Surface Plasmon Resonance of Metallic Silver Nanoparticles. American Chemical Society., 14(3),1-8, 2016.

[16] Sampaio, D., et al., Investigation of nanostructured TiO 2 thin film coatings for DSSCs application using natural dye extracted from
jabuticaba fruit as photosensitizers. lonics., 1-10, 2018.

[17] Kumara, N., et al., Recent progress and utilization of natural pigments in dye sensitized solar cells: A review. Renewable and
Sustainable Energy Review., 78, 301-317, 2017.

© 2019 NSP
Natural Sciences Publishing Cor.



