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Abstract

Transmittance which is the fraction of incident light at a specified wavelength that passes through a sample and energy bang
gap which is the energy difference between the conduction band and valence band are essential characteristics for analyzing
the performance of a dye sensitized solar cell in relation to the solar energy absorbed. Anacardium occidentale dye which
was used as the sensitizer gave a transmittance which increased gradually from the ultraviolet region through the visible
range to the infrared region; having its peak and least values at 1099.15m and 299.87m of wavelength respectively. With a
bang gap of 3.271€V, the dye gave a value of 1.48eV. The possible significance of these findings is discussed.
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Introduction

Since the advent of dye sensitized solar cell (DSSC), several
scientists have engaged themselves in researches notably after
Griitzel et al breakthrough in 1991'. As shown in figure 1, a
DSSC is composed of a mnanocrystalline mesoporous
photoanode-absorbed dye, a counter electrode and an electrolyte
containing iodide and triiodide ions. Its operation is based on
the working principle of the orthodox solar cell in which
sunlight enters the cell through the transparent fluorine-doped
tin oxide (FTO), striking the dye on the surface of the TiO,.
Photons striking the dye with enough energy will be absorbed to
create an excited state of the dye, from which an electron can be
injected directly into the conduction band of the TiO,, and from
there it moves by diffusion (as a result of an electron
concentration gradient) to the clear anode. Meanwhile, the dye
molecule has lost an electron and the molecule will decompose
if another electron is not provided therefore, the dye strips one
from iodide in electrolyte below the TiO,, oxidizing it into
triiodide. This reaction occurs quite quickly compared to the
time that it takes for the injected electron to recombine with the
oxidized dye molecule, preventing this recombination reaction
that would effectively short-circuit the solar cell. The triiodide
then recovers its missing electron by mechanically diffusing to
the bottom of the cell, where the counter electrode re-introduces

the electrons after flowing through the external circuit. In
DSSCs, the dye as a sensitizer plays a key role in absorbing
sunlight and transforming solar energy into electrical energy.
Several dyes ranging from metal complexes and organic dyes
have been used as sensitizers but the highest efficiency of
DSSCs achieved has been DSSCs sensitized by Ruthenium
compounds absorbed on nanocrystalline TiO, with an efficiency
of about 11-12% * 3. Although such DSSCs have provided a
relatively high efficiency, there are several disadvantages of
using noble metals in them; noble metals are considered as
resources that are limited in amount, hence their costly
production. On the other hand, organic dyes (anthocyanin dyes)
are not only cheaper but have also been reported to reach
efficiency as high as 9.8% *. However, organic dyes have often
presented problems as well, such as complicated synthetic
routes, low yields *® and a high transmittance (this is the
fraction of incident light at a specified wavelength that passes
through a sample). Due to their cost efficiency, non-toxicity,
and complete biodegradation, natural dyes have been a popular
subject of research. In this research work, the characterized
transmittance, transmittance-absorbance relation and also the
determination of the band gap energy level of the anthocyanin
dye notably Anacardium occidentale which is used as the
sensitizer will be analysed.
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Figure-1
An assembled solar cell using anthocyanin dye sensitizer
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Material and Methods

The conductive glass plates (FTO glass, fluorine-doped SnO,,
sheet resistance 15Q/cm2) TCO22-15, the titanium oxide
(TiO2) nanopowder Ti-Nanoxide T37/SP (20 nm), Ti citrate
complex (IV) solution and the electrolyte used is liquid
electrolyte (Iodolyte PN-50). All reagents were of analytical
grade and were used as received from Solaronix SA. Sensitizer
which was chosen for this experiment is Anacardium
occidentale.

Dimensioning of (TCO) Substrate: Dimensioning of (TCO)
substrate transparent fluorine-doped tin oxide (FTO) coated
glass substrates (Solaronix TCO22-15) with a sheet resistance
15Q/sq), were used as substrates’. The conducting side of the
glass was detected by the use of a multimeter as the non-
conducting side does not give any reading. Alternatively, the
side that feels hazy when passing gently with the finger is the
conducting side of the glass. The TCO glasses were not handled
with bares fingers rather with hand gloves to avoid
contamination. The Scm by Scm substrate was cut into 2.5cm by
2.5cm by the use of glass cutter. Hence the cell active area of
the substrate is 3mm by 14mm (0.42cm?2).

Preparation of Electrodes: In the preparation of the photo
anode which consists of several layers, the blocking layer is the
first of such layers to be deposited. The blocking layer was
prepared by spin coating® the obtained Ti citrate complex (IV)
solution deposited on the FTO firstly at 300rpm for 10sec to
disperse it and then coated at 3000rpm for 60sec. In this
manner, two layers were deposited with each of the layers being
tested by a multimeter respectively to see if it reads. Each layer
was followed by a heat treatment at 300°C for 10min after the
final layer, the film is sintered at 450°C (15°C/min) in a
carbolyte tubler furnace for 30min and thereafter, allowed to
cool down uniformly. The blocking layer was introduced to
block or reduce back recombination reactions. Subsequently,
place the FTO (after the blocking layer application) unto the
screen printer’ for the application of the nanocrystalline n-TiO,.
The deposition was done by screen printing from a 70 count
polyester mesh. Two such layers were sufficient to give a film
thickness of 7.6um. The film was sintered in air for 30min at
450 A°C. After the deposition of the nanocrystalline TiO,,
propan-2-ol (BPH-ANALAR) was used to clean the remnant of
the n-TiO, on the screen printer in order to pave the way for the
deposition of the scattering layer. The scattering layer is
composed of the deposition of the n-TiO, (Solaronix D37/SC)
using the screen printer on the n-TiO, layer (Solaronix T37/SP).
After the screen printing, it was heated gently with an electric
heater at 1000C for 10mins so as to get the layer dried.
Thereafter, the screen printed FTO was loaded into the furnace
and heated to 450°C for 30mins. The thickness was confirmed
by a profilometer (DECTAC).

The counter electrode was prepared using doctor blade
method'’. A multimeter was used to test the surface of the FTO
glass to determine the conductive surface. After then, I mapped
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out an area equal to the active area on the photoanode with a
celotape. A platinum catalyst gel (Solaronix Pt-Catalyst T/SP)
unto the area mapped out on the conductive glass (Solaronix
FTO), before drying at 100 °C for 10 min on an electric heater
and firing at 450 °C for 30 min in the furnace. After heating, put
off the furnace and let it cool down uniformly to prevent the
cracks on the deposit.

Preparation of dye Sensitizer Solution: Fresh cashew-bark
was crushed in a porcelain mortar with little quantity of distilled
water added to increase the fluid content. The resulting extract
was filtered, placed in a petridish and used immediately without
further purification.

Sensitizer Impregnation Using Anacardium occidentale: The
sintered photo anode, a little bit warm, was slowly immersed (its
face-up) in the dye extracted; and kept at room temperature
overnight in a petri-dish to complete the sensitizer uptake. It
was subsequently rinsed with ethanol and dried.

Assembling of DSSC: The dye sensitized solar cell (DSSC)
was assembled accordingly by the procedure outlined below):
the photoanode was pressed against the platinum coated counter
electrode in such a way that the conductive surfaces of both the
photoanode and counter electrode were placed against each
other to enable electrical connection. The cell was sealed by a
25um thick surlyn polymer foil (Solaronix Meltonix 1170-
25PF). Sealing was done by keeping the structure under a hot-
press iron at 140°C for 15-30 seconds. The liquid electrolyte
Iodolyte AN-50 (composed of ionic liquid, lithium salt, pyridine
in acetonitrile solvent) was introduced by using a pipette into
the cell gap through a slit cut into opposite ends during sealing
of the cell with the hot melt foil. The gap was then covered with
epoxide based glue.

Measurements: The transmittance spectrum of the dye and
FTO glass were recorded on a Perkin-Elmer L20
spectrophotometer; cell active area was 0.42cm’. Thickness
measurement of 7.6um were obtained with a Dectac
Profilometer, sheet resistance of 13.4726€)/sq  was obtained
with a four point probe. The cell was characterised for their
electrical performance in the dark by a digital Keithley 236
multimeter connected to a computer and photocurrent
measurement were carried out by using a class A solar
simulator, (orieel 6) at air mass 1.5(AM1.5) and irradiance
(100W/cm?2).

Results and Discussion

In optics and spectroscopy, transmittance is the fraction of
incident light (or other electromagnetic radiation) at a specified
wavelength that passes through a sample'" ',

In equation form,
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where 1 0 is the intensity of the incident radiation and [ is the

intensity of the radiation coming out of the sample and ,-:Gu is
the transmittance. The transmittance of a sample is sometimes
given as a percentage. It is related to the absorbance A of same
sample by the equation 2 below.
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Figure 2 and 3 shows the transmittance exhibited by the
anthocyanin dye as well as the n-TiO,. At a range of 300nm —
400nm within the ultraviolet region, the dye as well as the n-
TiO, FTO exhibited a low value of transmittance but increased
gradually through the visible region and obtained maximum
values at the infrared region respectively'. This tells us that

T more of the incident radiation at the infrared region passed
A =-logy T =-10g 10 (2)  through the samples without being adequately absorbed as
I against that witnessed in the ultraviolet-visible range.
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Determination of Band Gap of Dyed TiO,
E=hv
=hc

h is the planck’s constant, v is the frequency, A is the
wavelength and c is the speed.

The numerical value of the symbols is: h = 6.63 x 10¥]s, ¢ =
3.0 x 10*m/s*, 1eV = 1.60 x 10™J, E = photon energy

For example, taking the approximate values for the wavelength
from a range of 200nm — 900nm we have the following values
for the photon energies.

Firstly taking A = 200nm = 200 x 10°m and substituting it into
equation 3 above consecutively, we obtain the respective
energy.

E=6.63x 10> x3.0x10°
200x 10°x 1.6 x 107

E=1989 x 105
1989 x 107
32x 10

E =6.22¢eV.
The corresponding photon energies for other wavelengths are
shown in table 1 below.
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Absorption Coefficient: The absorption coefficient determines
how far into a material, light of a particular wavelength can
penetrate before it is absorbed'®. The absorption coefficient of
the respective wavelengths is obtained by the division of the
absorbance with the wavelength.

Taking A = 200nm

Absorption coefficient (o) = 0.46558
200 x 107

=2.3279 x 10°m™
Absorption coefficient square (o)
o’ =5.41912x 10 m™

Taking a look at the graph in figure 4, it can be seen that it has
its peak at 3.271eV of photon energy which falls within the
band gap range by Wunderlich et al (2005) that epitaxial anatase
TiO, normally falls within the band gap range of 3.20-3.51eV".
With a deduction from the graph, the Anacardium occidentale
dye has an energy band gap of 1.48eV which has aided in the
reduction of the band gap of the n-TiO,.

Figure 5 below shows relationship between the photo energy
and wavelength. From the graph, it can be seen that as the photo
energy decreases, the wavelength increases from the ultraviolet
region to the infrared region.

Photon energy

photon energy (eV)

1.6E+13 \

1.1E+13

1.2E+12

1E+13

SE+12

6E+12

photon energy {eV)

AE+12

2E+12 4/
O

Figure-4
A graph showing the relationship between photon energy and absorption coefficient squared o’
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Photocurrent-voltage (I-V) curve of the DSSC
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Table-1
The values of Photon energy of the respective wavelengths of the Anacardium occidentale dye

. . . 6 . . )

Wavelength (nm) | Absorbance Absorption ((thl)slf)fment ax10 Absorpt;(;r(;lgi(l);e_fzt)"lcwnt o phot(z!l ‘e]e;lergy
200 0.465580414 2327902.068 5.41913E+12 6.216
220 0.338111627 1536871.032 2.36197E+12 5.651
240 0.475538966 1981412.357 3.92599E+12 5.18
260 0.404889744 1557268.247 2.42508E+12 4.781
280 0.463315327 1654697.598 2.73802E+12 4.44
300 0.45164744 1505491.467 2.2665E+12 4.144
320 0.598547761 1870461.752 3.49863E+12 3.885
340 0.74802129 2200062.617 4.84028E+12 3.656
360 1.380332861 3834257.948 1.47015E+13 3.453
380 1.567768514 4125706.617 1.70215E+13 3.271
400 1.356083666 3390209.164 1.14935E+13 3.108
420 1.138597032 2710945.315 7.34922E+12 2.96
440 0.950549382 2160339.504 4.66707E+12 2.825
460 0.798548251 1735974.458 3.01361E+12 2.702
480 0.66464241 1384671.687 1.91732E+12 2.59
500 0.573407418 1146814.835 1.31518E+12 2.486
520 0.495270948 952444.1315 9.0715E+11 2.391
540 0.421670292 780870.9114 6.09759E+11 2.302
560 0.370906552 662333.1283 4.38685E+11 2.22
580 0.284197146 489995.0797 2.40095E+11 2.143
600 0.282379419 470632.3646 2.21495E+11 2.072
620 0.264800452 427097.5025 1.82412E+11 2.005
640 0.242983765 379662.1332 1.44143E+11 1.942
660 0.217821305 330032.2801 1.08921E+11 1.884
680 0.207615315 305316.6402 93218250758 1.828
700 0.188652924 269504.1778 72632501877 1.776
720 0.177152233 246044.7674 60538027550 1.727
740 0.168405345 227574.7901 51790285102 1.68
760 0.155933081 205175.1071 42096824591 1.636
780 0.14838702 190239.7697 36191169961 1.594
800 0.140813651 176017.0633 30982006577 1.554
820 0.131238042 160046.3924 25614847728 1.516
840 0.127861216 152215.7333 23169629464 1.48
860 0.119735337 139227.136 19384195408 1.446
880 0.130826973 148667.0144 22101881173 1.413
900 0.12158162 135090.6892 18249494302 1.381

The cell gave an efficiency of 0.48% and a fill factor 0.56 and a
short circuit current of 1.63mA/cm’.

Conclusion

The Anacardium occidentale sensitized dye solar cell exhibited
a high transmittance at the visible to infrared region which
suggests that it absorbed lower photon energy at this range
compared to the ultraviolet region. Semiconductor materials
have a sharp edge in their absorption coefficient, since light
which has energy below the band gap does not have sufficient
energy to excite an electron into the conduction band from the
valence band; consequently, this light is not absorbed. This
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shows that if Anacardium occidentale dye is mixed with co-
absorbents which will have low transmittances and low band
gap energies in the visible to infrared region, a higher cell
performance will be achieved in terms of efficiency of the cell.
Further studies will be focused on identifying the effects of
using co-absorbents on the sensitizer.
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