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INTRODUCTION

Abstract. Natural dyes of anthocyanin extract from flame tree flower (Delonix regia) and
chlorophyll extract from pawpaw leaf (Carica papaya) were used as sensitizer to
fabricate dye sensitized solar cell (DSSC). The photoelectrode were subjected to UV/Vis
spectrophotometer to view their absorbability. The photo electrochemical
performances of DSSCs obtained from LV characteristics showed conversion
efficiency, (n) of 0.80 % for the dye extracts from flame tree flower (anthocyanine), with
open-circuit voltage (Voc) of 0.5249 mV, short-circuit current density (Isc) of 44.6191
mA/m? and Fill factor (FF) of 0.5837. Chlorophyll dyes extract from pawpaw leaf has
Voo, Isc, FF and conversion efficiency, (n) of 0.5249 mV, 16.5283 mA/m?, 0.5585 and
0.27 % respectively. The conversion efficiency for the mixed dyes (anthocyanin and
chlorophyll) at ratio 1:2 is 0.23 % with Vyc, Isc and FF of 0.5500 mV, 14.2750 mA/m?
and 0.5451 respectively, while the dye mixture at ratio 1:4 achieved Vo of 0.5249 mV,
Isc of 18.4941 mA/m% FF of 0.5206 and conversion efficiency (n) of 0.26 %.
Anthocyanine from flame tree flower dye extract had the higher conversion efficiency of
0.8 % which could be better in term of application in dye solar cell.

Keywords: flame tree flower, pawpaw leaf; solar cell; absorbance; chlorophyll;
anthocyanin.

Among the dye-sensitized solar cells, the dye-

Dye-sensitized solar cell (DSSC) is a device that
change light into electric energy by light sensiti-
zation established on wide energy-band semi-
conductor [1]. Conventionally, solar cells semi-
conductor has the task of light absorption and
the transportation of charge-carrier, whereby in
the DSSCs, they are separately controlled [2]. The
photosensitizing dye adsorbed on the nano-
crystalline TiOz semiconductor, absorbs light.
The ejected electrons excite to the conduction
band of the semiconductor leaving the oxidized
dye molecules behind [3]. The electrons travel to
the counter electrode through the external circuit
to reduce the iodide ion of the electrolyte. The
iodide ions transport the electrons back to the
dye [4].
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sensitized solar cell using Ruthenium complex
shows a high conversion efficiency of about 11-
12 % [5]. However, Ruthenium is a rare metal
and the cost of ruthenium complex is very high.
On the other hand natural dye is easy to obtain
and the cost is very low [6]. Green plants are
mostly rich in chlorophyll and red leaves are rich
in anthocyanine [7] and the application of this
kind of natural dye has been frequently investi-
gated in many related studies [3, 8, 9].

In this paper, extracts of pawpaw leaves and
flame tree flower were the natural dyes used as
light sensitizers for the preparation of DSSCs. The
conversion efficiency of the DSSCs was investi-
gated via solar simulator.
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MATERIAL AND METHODS

Preparation of natural dye

Fresh pawpaw leaves and flame tree flower were
separately squeezed to obtained a pure and natu-
ral dye solution. Water was used as the extract-
ing solvent. The extract fluid were heated sepa-
rately for 10 min to extract chlorophyll from
pawpaw leave dye solution and anthocyanine
from flame tree flower dye solution. Then, the
extract solution of pawpaw leaves and flame tree
flower were blended at the ratios of 1:2 and 1:4
to serve as natural dye cocktail from these two
plants.

Preparation of the Ti0,/Dye Electrode

The ITO glass (0.03 cm™*0.7 cm=0.021 cm?) was
cleaned with distilled water and acetone to re-
move impurities. The cleaned ITO surface was
coated with commercially available nanocrystal-
line TiO; paste using the screen printing method.
To improve this situation and increase the com-
pactness of thin film, the ITO/TiO2 electrodes
were sintered at 450 °C for 1 hour. When the
temperature of the TiO; electrodes reached 80 °C
during cooling, the electrodes were immersed
into different dyes solution for 24 hours. The
white TiO2 film will change color when dye is ad-
sorbed on the TiO; electrode. The TiOz/dye elec-
trode was washed with water and ethanol to re-
move impurities and trapped water. After clean-
ing, the DSSCs photoelectrode was complete and
ready for testing.

The assembly of DSSCs

DSSCs were encapsulated according to the gen-
eral assembly procedures [10]. A DSSC is mainly
comprised of ITO conductive glass, TiOz nanopar-
ticles, natural dye, an electrolyte, counter elec-
trode and spacers. A glass insulation spacer in
long strips was initially stuck on the four edges
on the base plate of conductive glass at the bot-
tom to create space between photoelectrode and
counter electrode and enabling the injection of
electrolyte after assembly. AB glue was used to
bind the base plate of lower conductive glass car-
rying the counter electrode with the base plate of
upper conductive glass carrying the photoelec-
trode. The gap between the electrodes was filled
with the electrolyte to make the cell complete.
This was performed by capillary effect. The proc-
ess was repeated until the entire internal surface
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of the cell was completely wetted with the elec-
trolyte. The cell was now complete and opera-
tional. Schematic diagram of the molecular struc-
ture of the anthocyanine obtained from the red
leaf extract of Flame tree flower is shown in Fig-
ure 1(a) and 1(b).
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Figure 1-Chemical structure of anthocyanin

(a) - Cyanidine 3-O-rutinoside and
(b) - Cyanidine 3-0-glucoside

B

Measurement of photoelectric conversion efficiency
of DSSC

The photoelectric conversion efficiency of DSSC
was inspected under the simulated sunlight
source (A.M 1.5) with current - voltage (I-V)
characteristic, the fill-factor (FF) was defined as

(1):

FF = e~ Zmax ®

where I,,,4, and V,,,,, denote maximum output
value of current and voltage respectively, and
I, and V,. denote the short circuit current and
open-circuit voltage respectively. The total en-
ergy conversion efficiency was defined as (2):
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where P;,, denotes the energy of incident photon.

RESULTS AND DISCUSSION

XRD and SEM analysis

Figure 2 shows the XRD pattern of the TiO2 nano-
particle. The spectrum is identical to the stan-
dard data sheet (JCPD 01-075-8897).
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Figure 2 — XRD analysis of the anatase TiO, thin film

The XRD pattern observed in this study is in
agreement with previous report [8]. Surface
morphology of the TiO2 nanocrystalline is pre-
sented in Figure 3, which shows homogeneous
and uniform spread of the anatase TiO2 film on
the glass substrate.

Mag= 83.04 KX

Figure 3 - SEM image of the photo electrode thin film
fabricated using screen printing method
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The paste was observed to have agglomeration
particle size with film porosity which allows elec-
trons to travel and be collected at the surface of
the conduction substrate. Figure 4 show the
analysis of the elemental composition of TiO:
anatase.

Spectrum 1

Ti
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Figure 4 - EDX image of the photo electrode of TiO,

The analysis revealed the presence of titanium,
oxygen and very little chlorine. Chlorine was de-
tected in the compound due to TiCl4 that con-
tained in the preparation of anatase TiO2 com-
pound. For any efficient solar cell, the EDX re-
vealed the compound composition of the element
it's composed.

Any other element found outside the TiO2 semi-
conductor compound could degrade the per-
formance of the solar cell.

Absorption of natural dyes

Figure 5 show the absorption spectra of the
pawpaw leaf extracts, mixed dye extracts of
pawpaw and flame tree flower at ratio 1:2 and
1:4. The absorption spectrum for the three dyes
extract where within the wavelength of 300 to
550 nm with the maximum peak absorption
value at 380 nm for mixed dyes at 1:4. The differ-
ence in absorption peak for different dye extract
could be as a result of differences in chemical
structure of these pigments.

Figure 6 show the absorption spectra of the
flame tree flower and mixed dye extracts at the
ratio of 1:2 and 1:4. Figure 7 depict the absorp-
tion spectra from the extracts of flame tree
flower, pawpaw leaf, mixed dyes at 1:4 and 1:2. It
was observed in (Figure 6 & 7) that the absorp-
tion range of the dye extracts is between 300-
550 nm with absorption peak at wavelength of
380 nm for the dye cocktail (mixed dye) at ratio
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(1:2 and 1:4) and flame tree flower while the ab-

sorption peak of pawpaw leaf extracts was at
350 nm.
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Figure 5 — Absorption spectra of mixed dye extracts
at 1:4, pawpaw dye and mixed dye at 1:2
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Figure 6 — Absorption spectra of the mixed dyes
extracts at 1:2, 1:4 and flame tree flower extracts
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Figure 7 - Absorption spectra of the mixed dye
extracts at ratio 1:2, 1:4, pawpaw leaf extract and
flame tree flower extracts of DSSC
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All the absorption spectrum (Figures 5-7) shows
the absorption of the dye extracts within the Ul-
tra-Violet Visible range with the absorption peak
at the violet color region that appears green-
yellow color as complementary color. Pawpaw
leaf dye extracts absorbed light at lower peak
than other dye extracts. This could be as a result
of the extracting solvent use in this study. Similar
work was done by [7] with ethanol as the ex-
tracting solvent and pawpaw leaf extract had bet-
ter absorption peak than flame tree flower ex-
tract. Another reason that could lower the ab-
sorption peak of pawpaw extract among the
study dyes could be due to different absorption
properties for different pigments and colors of
different extract fluids [8].

Figure 8 shows the photovoltaic test of DSSCs
using these natural dyes as sensitizers.
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Figure 8 - I-V Characteristic of DSSC sensitized by
natural dye extracts from pawpaw leaf, flame flower
leaf, mixed dyes at 1:2 and 1:4

Their performances were measured by current-
voltage (I-V) curves under irradiation with halo-
gen lamp (100 mWcm2) from solar simulator.
Table 1 shows the data acquired from measuring
the photoelectric conversion efficiency of the
DSSCs.

Table 1 - Photo electrochemical parameters of the
DSSCs sensitized by natural dyes extracted with
water in the UV-vis light range

Dye Voc, Isc, FF | n,%
mV | mAcm?

Flame tree flower 0.5249| 44.6191| 0.5837| 0.80

Pawpaw leaf 0.5249|16.5283| 0.5585| 0.27

Mixed dye 1:4 0.5249] 18.4941| 0.5206| 0.26

0.5500] 14.2750] 0.5451| 0.23

Mixed dye 1:2
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From the results obtained, natural dye extracts
from flame tree flower had the highest conver-
sion efficiency than pawpaw leaf dye extracts and
the cocktail dye extracts that were blended in
two different ratios (1:2 and 1:4). This could be
as a result of the chlorophyll extracts from paw-
paw leaf and the extracting solvent (water). More
also the blended ratio could also be the reason
for their lower efficiencies because the antho-
cyanine dye extracts from flame tree flower that
shows the highest conversion efficiency was the
dye extracts that was added to the chlorophyll
dye extracts at different ratio, chlorophyll was
kept constant. Another reason for their lower ef-
ficiencies could also be from their absorbability
capacity.

Furthermore, Table 1 compares different prop-
erty parameters of DSSCs using different natural
dyes, including short-circuit photo current den-
sity (Jsc), open-circuit voltage (Voc), fill factor
(FF) and energy conversion efficiency (n). As
shown in Table 1, the photoelectric conversion
efficiency of flame tree flower extract fluid is
higher than the photoelectric conversion effi-
ciency of the extracts from pawpaw leaf and the
dye mixtures at ratio 1:2 and 1:4. This is because
the absorption intensity of flame tree flower is
higher than the other dye extracts. In addition,
DSSCs fabricated from the extracts of flame tree
flower had better charge-transfer performance
and clearly improved efficiency to 0.8 %. Figure 9
shows the power against voltage curves of the
DSSCs using the natural dyes extracted from the
pawpaw leaf, flame tree flower, mixed dye at ra-
tio 1:2 and 1:4.

The DSSC using natural dye extracts from flame
tree flower has the maximum power rate of
about 13.6704 mW.
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Figure 9 - Plot of power against voltage for DSSC
sensitized by natural dyes extracts from pawpaw leaf,
flame tree flower, mixed dyes at ratio 1:2 and 1:4

CONCLUSION

The measurement and analysis of the absorption
spectra for natural dyes extracted from the paw-
paw leaf, flame tree flower, mixed dye at 1:2 and
1:4 are carried out. The results show that the dye
extracted from the flame tree flower has similar
absorption spectrum to the dye extracts for the
pawpaw leaf and their mixed dyes which has ab-
sorption wave band at 300-550 nm. The DSSC
using the flame tree flower dye extracts has the
best photo electric conversion efficiency of
0.80 % and has the maximum power of about
13.6704 mW.
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