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Abstract
Red anthocyanins from sample A (stem of sorghum bicolor) and sample B (grains of sorghum bicolor) were
employed as TiO2 dye – sensitizers. Solar cells sensitized by the extracts of sample A achieved the following for
outdoor measurement; ISC = 0.0023mA/cm2, VOC = 0.0022V,
Pmax = 3.666mV/cm2, FF = 0.7212, η= 1.7554 and for sample B outdoor measurement FF = 0.7961, Isc =
0.00178mA/cm2, Voc = 0.0014V, Pmax = 4.96 x 10-6mw/cm2 and η = 4.221 under the illumination of solar energy
4.7x10-3 W/cm2 respectively. The indoor measurement values for the same dyes sensitized cells determined for
sample A are ISC=0.0182mA/cm2, VOC = 0.004 V;
Pmax = 3.299 x 10-7 mW/cm2, FF = 0.4512, η =0.15 and sample B achieved ISC = 0.01378 mA/cm2; VOC = 0.005
V, Pmax = 3.5 x 10-7 mW/cm2, FF = 0.5511and η =0.18 respectively.
The results show that Sample B (indoor and outdoor measurement) has higher efficiency than sample A. This is
due to the constituent of the extract .Sample A and B show a successful conversion of visible light into
electricity by using natural dyes as band-gap semiconductor sensitizer in dye-sensitized solar cells .This can be
use in large scale to reduce power and energy requirements for future industry designs.
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1. Introduction
One of the biggest challenges ahead of human kind is to replace the fossil fuel with renewable energy sources
while keeping pace with the worldwide increasing thirst for energy because of the increasing population and
rising demand from developing countries. This challenge has to be answered with a low-cost solution using
abundantly locally available raw materials. The sun is an obvious source of clean and cheap energy, already used
by nature to sustain almost all life on earth. Therefore, harnessing the power of the sun with the photovoltaic
technologies appears to be the only reasonable large scale answer to the energy challenge ( Hara et al 2003).
Presently, the world energy consumption is 10Tetrawatts (TW) per year, and by 2050, it is projected to be about
30TW. The world will need about 20TW of non-CO2 energy to stabilize CO2 in the atmosphere by mid- century.
The simplest scenario to stabilize CO2 by mid-century is one in which photovoltaic (PV) and other renewable are
used for electricity (10TW), hydrogen for transportation (10TW) and fossil fuel for residential and industrial
heating (10TW) (Zweibel, 2005).Thus, PV will play a significant role in meeting the world future energy
demand. Among varieties of renewable energy sources in progress is the solar cell. This means harvesting
energy directly from the sunlight using photovoltaic. The solar cells that have recorded the highest photon to
conversion efficiency are the first generation devices based on single silicon crystal (Belfar and Mostefaoui,
2011). The problem with this solar cell is their high cost production and installation. Various researchers (Konan
et al, 2007, Bhatti et al, 2012) have work on second generation devices consisting of semiconductor thin film, in
order to reduce the high cost of production and improve the efficiency of first generation solar cells, although the
efficiency challenges has not been removed. The third generation solar cells are the dye sensitized solar cells,
heterojunction cells and organic cells. These are similar to plants that used photosynthesis to absorb energy from
sunlight (Zainudin et al 2011; Efurumibe et al, 2012). DSSCs use dyes or sensitizers” to convert sunlight into
electricity (Gratzel et al 2003).
This study therefore intends to extract natural dye from the stem and grains of sorghum bicolor. Also to
investigate the performance of solar cells fabricated using stems and the grains of sorghum bicolor as a sensitizer
to convert solar energy into electricity. Sorghum bicolor is perhaps the world’s most versatile crop and grown
across West Africa. This plant belongs to the family of proaceae .It is called Poroporo ,Oka-baaba in Yoruba,
Kaara - Daawa in Hausa and Okri in Igbo . Sorghum plays an important role as a food security crop especially in
semi arid lands of Kenya. It can survive drought conditions for some weeks by rolling up its leaves and this
decreasing transpiration. The whole plant is often used as windbreaks, forage, hay, or silage. Their stems are
used for building, fencing, weaving, broom making and firewood. The seeds are fed to poultry, cattle and swine
(Tsuborama et al 1976). Figure 1 illustrates the physical appearance of this wonderful plant and its grain:
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Fig. 1: Physical appearance of sorghum bicolor plant
2.0
Structure of Dye Sensitized Solar Cell
The main parts of single junction dye sensitized solar cell are illustrated schematically in figure 2 The cell is
composed of four elements, namely, the transparent conducting and counter conducting electrodes, the nanostructured wide band gap semiconducting layer, the dye molecules (sensitizer), and the electrolyte. The
transparent conducting electrode and the counter electrode are coated with thin conductive and transparent film
such as fluorine-doped tin dioxide (SnO2) (Gratzel et al 2005). The figure 3 below illustrate the red dye adsorbed
onto a titanium dioxide surface (Martinson et al. 2008)

Figure 2:Schematic of the structure of the dye sensitized solar cell.
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Fig. 3 : Red dye absorbed on a titanium dioxide surface
3. 0
Method of Extraction
The stem and grains of sorghum bicolor were purchased from Lusada market, Igbesa in Ado- Odo/Ota Ogun
State. Cold extraction method was used to extract the dye from sample A and B. This method was employed
because distillation is possible at lower temperature and possibility of re-using solvent used for the extraction.
50g of the stem of sorghum bicolor labeled sample A and the grains of sorghum bicolor labeled sample B each
were weighed using OHAUS Electronic weighing balance model brain weight B1500 made in USA and crushed
with blender in order to increase the surface area of the samples to enhance speedy extraction.
Each of the crushed samples were soaked in acidified 490cm3 of methanol (CH3OH) i.e. 1% of 1Molar solution
of HCL was added to 490 cm3 of methanol in separate covered bottles and placed inside SLAUART SSL1
ORBITAL SHAKER at 25rpm for 12hours. The mixtures were allowed to stay for another 12hours which made
the soaking period to be 24hours.
The extract of each of the samples were decanted to remove the residual part of the samples.
Simple distillation was carried out at 650C i.e. the boiling point of methanol in order to concentrate the dye of the
samples.
This distillation process is necessary for the following reasons:
- To increase the concentration of the dyes
- To recover part of the solvent i.e. Methanol used for the extraction in its pure state which can still be re-used.
3.1.1
Measurement OF SAMPLE A AND SAMPLE B EXRACT (DYE) OF pH
The measurement of the pH of the sample’s extracts were carried out with JENWAY 3505 PH meter , PH 7.47
was obtained for the extract of sample A and PH 5.14 was obtained for the extract of sample B . These values
are known as samples pH.
1.0ml from extract of sample A and B were measured and diluted with methanol to obtained PH 3.0 and 1 .0
respectively. Magnetic stirrer was used to enhance thorough mixing of the dilution.
3.1.2
Spectrophotometer Analysis
Spectrophotometer analysis of the extracts of sample A at the pH 7.47, 3.0 and 1.0 and sample B at the pH
5.14, 3.0 and 1.0 were carried out using SURGISPEC SM-23D surgifield medical spectrophotometer at the
range of frequencies 350 to 1000nm which corresponds to the frequencies of visible light spectrum to obtained
absorption rate of the extract . In order to have the absorption of the samples with TiO2, 3ml of HNO3 + 1ml of
dye (either extract of sample A or B) + 1g of TiO2 are taken. Also, Spectrophotometer measurement of 1g of
TiO2 + 3ml of HNO3 was done. The corresponding absorbance -wavelength characteristics for all extract are
shown in the figure 4 -9, absorption of the extract with TiO2 is shown in figure 10 -12.
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3.1.3 Fabrication Procedure OF Dye-Sensitized Solar Cell.
The TiO2 solution (paste) was prepared by the incremental addition of 20ml of nitric acid solution to 20g of
colloidal TiO2 powder in a mortar and pestle while grinding for about 20minutes to enhance a uniform and lumpfree paste.
A digital multimeter was used to check which side of the FTO glass purchased from HARTFORD GLASS
COMPANY USA is conductive and the reading was 32.0 Ω.
Adhesive –tape are applied to the face of the conductive glass plate in order to create on opening of dimension
1.5 x 1.5cm2 at the centre of the glass. This tape formed about 40µm deep mold into which the TiO2 solution can
flow and at the same time masks a strip of the conductive glass so that an electrical contact can later be made.
Three drops of TiO2 paste was dropped at one edge of the opening and spread uniformly using glass rod. The
film was then allowed to dry in air for 1minute. The tape was then carefully removed and the film was annealed
and sintered in an oven at 100oC for 20 minutes. The TiO2 –coated conductive glass was allowed to slowly cool
to room temperature. The prepared TiO2- coated conductive glass which is called TiO2 electrode was dipped into
the dyes solutions for 10minutes. It was then taken out from the dye solution and washed with fresh methanol
and allowed to dry for another 5minutes
3.1.4 Preparation of Counter Electrode
The counter electrode was prepared using a conductive glass of dimension 2.5x7.5cm purchased from
HARTFORD GLASS COMPANY USA.
The conductive surface of the glass was coated with carbon generated form candle flame. This serve as catalyst
for the tri-oxide to iodide generation reaction .This electrode prepared is known as positive electrode (Anode).
The stained dried electrode (cathode) was then placed on the table such that the film side faced up, and the
catalyst- coated electrode (anode) was placed on the top so that the conductive side of the counter electrode faces
the TiO2 film. The two opposing glass plates are offset so that all of the TiO2 is covered by the counter electrode
and the strip of the glass not coated by TiO2 was exposed. The two exposed sides of the glasses serve as cathode
and anode respectively. Two binder clips were used to gently hold the plates together at the other edges. Two
drops of iodide electrolyte solution of 0.5M was then placed at the edges of the plates binder clips are
alternatively opened and closed while in place. The electrolyte was drawn into the place between the electrodes
by capillary action and in order to wet stained TiO2 film.
3.1.5 Measurement of Photoelectric Conversion efficiency of the DSSC
The completed solar cell was then taken outside under the illumination of sunlight to obtain the outdoor
measurement for current and Voltage. A 50W, 12V halogen lamp manufactured by GE lighting, LLC Nela park
assembled in USA was used obtain indoor measurement for current and Voltage using sorghum bicolor solar
cell. Solar energy conversion efficiency (the photocurrent -voltage) was measured by using digital multimeters
under the illumination of sunlight and 50W halogen lamp. The active area of the cell is 1.5 × 1.5 cm2.The cicuit
diagram of the cells for the measurement of I – V is shown in the figure 4.

Figure 4: Circuit diagram for solar cells measurement
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4.0 Results and Discussion
The figures 5-10 shows the acquired absorption spectra at the wavelength 350 – 1000nm of visible light
spectrum for extract (dye) of sample A and sample B .we observed that only the extract (dye) of sample A
according to figure 6 gives better absorption of 220 at wavelength 500nm which falls within the range of 400nm
to 800nm parts of electromagnetic spectrum.
Extract (dye) of sample B also show absorption values of 1.488, 5.3 and 3.0 respectively at wavelength of
350nm which does not fall within the range of visible part of electromagnetic spectrum.
Absorption – wavelength characteristics of 1ml of extract (dye) of sample A and sample B mixed with three
mills of HNO3 on 1g of TiO2 at the wavelength of 350 – 1000nm respectively are plotted in figure 11 – 13
Better absorption of visible part of electromagnetic spectrum was obtained with extract of Sample A. TiO2 also
showed a reasonable absorbance with HNO3 at PH 1.00.It therefore showed that the extract of sample A
absorbed visible part of electromagnetic spectrum than extract of sample B despite the fact that both samples are
from the same source. This is due to the structure of the sample B extract resulting in a stronger steric hindrance
for anthocyanin to form bond with oxide surface and prevents the anthocyanin molecules from arranging on the
TiO2 film effectively (Mor et al, 2006). Hence, this leads to a deficiency of electron transfer from the dye
molecules in the conducting band of TiO2 (Boyo et. al 2012).
Figures 14-17 is the photovoltaic performances that were obtained with a sandwich cell under illumination by
simulated solar light (outdoor measurement) and 50W halogen lamp (indoor measurement). The photocurrent –
voltage curves of the assembled solar cells are used to evaluate the cells performance.
Table 1 – 2 show the photo electrochemical parameters of the cells sensitized with natural extracts (dyes) of
sample A and B for outdoor measurement and indoor measurement respectively. It was observed that the
efficiency of cells assembled with extract of sample B is of greater value than sample A for the indoor
measurement and outdoor measurement as shown in the tables 1-2. This shows that sample B has ability of
harvesting solar energy than sample A
5.0
Conclusion
Successful conversion of visible light into electricity was achieved by red anthocyanins from the extracts of
sample A and sample B as TiO2 dye-sensitizers. The anthocyanins present in the extracts are capable to be
chemically absorbed onto the semi-conductor surface, sensitizing it to the visible region of the spectrum even
though extract of sample A has low absorption values. The energy of the dye excited state is also appropriate to
promote the electron injection into the semiconducting band, consequently, converting the sunlight into electrical
output. Therefore the use of natural dyes can be an alternative for a lower cost production of dye-sensitized solar
cells, being environmentally friendly, renewable and clean source of energy. It is also useful to demonstrate
several important scientific concepts (materials, semiconductors, molecules devices etc.) for educational
purposes.
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Fig.5: Light absorption spectra of Extract (dye) of sample A at PH 7.47
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Fig. 6: Light absorption spectra of Extract (dye) of sample A at PH 3.00
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Fig. 7: Light absorption spectra of Extract (dye) of sample A at PH 1.00
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Fig8: Light absorption spectra of Extract (dye) of sample B at PH 5
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Fig. 9: Light absorption spectra of Extract (dye) of sample Bat PH 3.00
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Fig. 10: Light absorption spectra of Extract (dye) of sample B at PH 1.00
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Fig. 11: Light absorption spectra of 1ml of extract (dye ) of sample A + 3ml of HNO3 on 1g of TiO2.

1.8
1.6
1.4
ABSORBANCE (AB)

1.2
1
0.8
0.6
0.4
0.2
0
350

450

550

650

750

850

950

WAVELENGHT λ (nm)

Fig. 12: Light absorption spectra of 1ml of extract (dye) of sample B + 3ml of HNO3 on 1g of TiO2.
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Fig.13: Light absorption spectra of 3ml of HNO3 on 1g of TiO2.
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Fig. 14: I-V curve for sample A extract sensitized solar cell of 1.5 × 1.5 square centimeter (outdoor
measurement).
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Fig. 15: I-V curve for sample B extract sensitized solar cell of 1.5 × 1.5 square centimeter (outdoor
measurement).
4.5
Cell Current I, x10-2 (mA)

4
3.5
3
2.5
2
1.5
1
0.5
0
0

0.01

0.02

0.03

0.04

0.05

Cell Voltage,V (mV)

Fig. 16: I-V curve for sample A extract sensitized solar cell of 1.5 × 1.5 square centimeter (outdoor
measurement).

23

Journal of Natural Sciences Research
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online)
Vol.3, No.5, 2013

www.iiste.org

3.5
Cell Current I, 10 x-2(mA)

3
2.5
2
1.5
1
0.5
0
0

0.001

0.002

0.003

0.004

0.005

0.006

Cell Voltage, V (mV)

Fig.17: I-V curve for sample B extract sensitized solar cell of 1.5 × 1.5 square centimeter (outdoor
measurement).

Table 1.Outdoor Measurement for cells of sample A and B
Extracting Solvent
Extract
Voc (mV)
ISC (mA/cm2)
Cold extraction Method
Sample A
220
0.00023
Cold extraction Method
Sample B
140
0.00178

η%
1.7554
1.891

FF
0.7212
0.7961

Table 2.Indoor Measurement for cells of sample A and B
Extracting Solvent
Extract
Voc (mV)
ISC (mA/cm2)
Cold extraction Method
Sample A
40
0.0182
Cold extraction Method
Sample B
50
0.01378

η%
1.4799
1.7554

FF
0.4512
0.55110
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