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Electrical Properties of Roystonea regia Fruit
Extract as Dye Sensitized Solar Cells
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Abstract—Utilizing solar energy in producing electricity can
minimize environmental pollution generated by fossil fuel in
producing electricity. Our research was base on the extraction of dye
from Roystonea regia fruit by using methanol as solvent. The dye
extracts were used as sensitizers in Dye-sensitized solar cell
(DSSCs). Study was done on the electrical properties from the
extracts of Roystonea regia fruit as Dye-sensitized solar cell
(DSSCs). The absorptions of the extracts and extracts with dye were
determined at different wavelengths (350-1000nm). Absorption peak
was observed at 1.339 at wavelength 400nm. The obtained values for
methanol extract Roystonea regia extract are, I, = 0.015mA, V,, =
12.0mV, fill factor = 0.763, I,.= 0.018 mA and V,. = 13.1 mV and
efficiency of 0.32%. .The phytochemical screening was taken and it
was observed that Roystonea regia extract contained less of
anthocyanin compared to flavonoids. The nanostructured dye
sensitized solar cell (DSSC) will provide economically credible
alternative to present day silicon p—n junction photovoltaic.

Keywords—Methanol, Ethanol, Titanium dioxide, Roystonea
regia fruit, Dye-sensitized solar cell.

[. INTRODUCTION

HE concept of dye sensitization of wide band gap
semiconductors started in 1960s by the work of [1] and
[2] together with their co-workers where they used ZnO as the
semiconductor and different dyes such as rose bengal as
photosensitizer. However, the efficiencies remained low for
many years [3].The breakthrough in the field came when [4],
[5] presented their results in 1991 with an impressive overall
efficiency higher than 7%, using a ruthenium based sensitizer
and a porous TiO, layer as the semiconductor material [5].
DSSC is a photo electrochemical solar cell [6] made up of
four elements, namely, the transparent conducting and counter
conducting electrodes, the nanostructured wide bandgap
semiconducting layer, the dye molecules (sensitizer), and the
electrolyte [7]. The transparent conducting electrode and
counter-electrode are coated with a thin conductive and
transparent film as shown in Fig. 1
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Fig. 2 The Energy flow in the solar cell

In the Energy flow (Fig. 2) of DSSC, an incident light
excites electrons within the dye, giving them enough energy to
travel in the conduction band of the TiO,. The electrons flow
through the TiO, onto the electrode, through an electric
circuit, and then to the counter electrode. The electrolyte
carries electrons back to the dye from the counter electrode.

[8].

Dye + light ® Dye*
-+ Dye* + TiO ® 2 e (TiO2) + Dye
--¢(TiO2) + CE. ® TiO2 + ¢ (C.E.) + energy
---%I3+e(C.E)®3/21+C.E.
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C.E. is the counter electrode and Dye* indicates an excited
state of the dye. In overall process, the DSSCs generate
electric power from light without suffering any permanent
chemical transformation [9].

The interest in DSSC is because it is cost effective —much
less expensive than Silicon (p-n junction) solar cell, can be
produce using layered coatings on glass and can be produce on
flexible substrates. [10]. We are able to produce DSSC by
using the dye extracted from Roystonea regia fruits which is
available in Lagos state, Nigeria and determine the electrical
properties of the Dye sensitized solar cell.

Roystonea regia is a large palm, which reaches a height of
20-30 m as shown in Fig. 3. The trunk is stout, very smooth
and grey white in colour. The fruits are spheroid to ellipsoid in
shape [11]. They are green when immature, turning red and
eventually purplish-black as they mature. The seed is used as a
source of oil and for livestock feed; leaves are used for
thatching and the wood for construction [12]. They are used as
treatment for diabetes [13].

i

Fig. 3 Roystonea regia

II. EXTRACTION OF DYE FROM PLANTS

The Fruits were collected from the banking area at Agbara,
Ogun State., Nigeria. They are pulverized and 25g of the
pulverized plant was soaked in 250mL of Ethanol and
Methanol respectively. The soaked specimens were left for 24
hours and then filtered into labeled reagent bottles.
Evaporation was done to separate the solvent with natural
extracts. The pH of each extracted dye was recorded. The
absorbance of each extracted dye, TiO, paste and mixture of
each extracted dye with TiO, paste was measured from
wavelengths of 350nm to 1000nm using a UV-VIS
spectrophotometer (Spectrum lab 23A GHM Great Medical
England). A phytochemical screening was carried out to
determine the level of anthocyanins and flavonoids in the
extracts.

I11. DEPOSITION OF T10, FILM

The TiO, solution is prepared by the incremental addition
of 20mL of nitric acid to 12g of colloidal TiO, powder in a
mortar while grinding. The ITO (2.5cmx2.5cm) conducting
glass was cleaned using methanol and left to dry. A voltmeter
is used to check the conductive side of the ITO conducting

glass and the reading was between 12 and 20 ohms. Adhesive
tape is applied on the conductive side to mask 0.2cm at the
four edges and drops of the TiO, solution are uniformly spread
over the ITO conductive glass plate .The film is allowed to dry
in air for five minutes, adhesive tape carefully removed and
the film is sintered at 350°C. The resulting TiO, thin film layer
has a porous, sponge — like structure that enhances both the
light absorption and electron collection efficiency. Another
counter electrode is made from ITO conducting glass.

IV. ASSEMBLING THE SOLAR CELL DEVICE

The sintered TiO, thin film was immersed in the prepared
various natural dyes extract. Adsorption of the dye to the
surface of TiO, is rapid, forming a complex capable of
electron injection. The dye stained TiO, thin film electrode
and the counter electrode were assembled together. An iodide
electrolyte solution (0.5M potassium iodide and 0.05M iodine)
are then placed at the edges of the plates. The liquid is drawn
into the space between the electrodes by capillary action. The
completed solar cell electrical properties are then measured.

V. MEASUREMENT OF THE ELECTRICAL PROPERTIES OF THE
DSSC

An indoor measurement of electrical properties of the solar
cell was done by illuminating the cell with 50W, 12V tungsten
halogen lamp equipped with integral parabolic reflector as the
irradiation source. The current-voltage characteristics were
determined by applying an external potential bias to the cell
and measuring the photocurrent using a digital source meter.

From the I-V (current-voltage) curve, the following
parameters can be obtained:

ISC (Short-circuit current): the cell current measured at an
applied potential of 0 V. Isc is a function of the illumination
intensity.

VOC (Open-circuit voltage): the cell potential measured
when the current is 0 A.

IMP (Maximum power point): the point where the
maximum power is generated.

FF (Fill factor): the ratio of the maximum power to the
short and open circuit values.

FF =Imp x Vmp /IscxVoc

1 (Efficiency): the ratio of the developed power to the light
intensity. 1 = (Isc x Voc x FF)/Pin,

IPCE (Incident Photon-to-current conversion efficiency):
the ration of the number of electrons generated in the solar cell
to the photon flux on the photoactive surface area of the cell.

VI. RESULT AND DISCUSSION

Fig. 4 shows the representative UV—-VIS absorption spectra
for the extracts of Roystonea regia. The most striking feature
that has been observed from this figure is that TiO, and TiO,
with dye extracts have almost the same absorption peak. These
indicate a proper chemical reaction between the dye and
extract.

Fig. 5 I-V curve for Roystonea regia (methanol extract)
indoor measurement we notice an erratic behavior in the I-V
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curve of the cells and this affect the efficiency of the cell.

Fig. 6 shows the X-ray diffraction spectra of the ITO. X-ray
diffraction measurements (XRD) are usually used to confirm
the formation of nanostructured TiO, layer. Analysis of the
XRD data confirms the formation of nanocrystalline TiO,
particles of sizes less than 50 nm [14].
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Fig. 4 Absorbance graph of Roystonea regia and
TiO, (---), Roystonea regia dye (-.-.-.) and TiO, (—)
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Fig. 5 I-V curve for Roystonea regia (methanol extract) indoor
measurement

VII. CONCLUSION

In this research, we have discussed the electrical properties
of one example of the third generation solar cells, called
nanocrystallinedye sensitized solar cells DSSC [15], [16].
Nanocrystalline dye sensitized solar cell DSSC is classified as
a low cost, environmental friendly, and capable of being
highly efficient cell mainly due to materials, charge carriers
generation and transport within the cell structure. We observed
an efficiency of 0.32%. Which is very low and the absorbance
of the cell is not in the visible range. All these might be due to
the preparation and measurement of the cell electrical
parameter. If we can use something other than the binder clips
in holding the cell, then loss in the internal resistance of the
cell will be reduce.
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Fig. 6 XRD diffraction pattern of the fabricated in Dye sensitized
solar cell
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