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ABSTRACT

Successful conversion of visible light into electrical output was achieved by using four locally available natural dyes as
wide band gap semiconductor sensitizers in Dye-sensitized solar cells. Natural dyes extracted from Java plum
(Syzigium cumin), Red cabbage (Brassica oleracea), Hibiscus rosa-sinensis flower, and Begonia rex leaves were
employed as light-absorbing dyes anchored to nanostructured mesoporous TiO, film photo anode. Simple procedures
were employed in extracting natural dyes. The dye extracts were stored for four months prior to UV-vis spectra and
photoelectrical measurements. The absorption spectra analyses for all extracts carried out in the wavelength range 350
to 800 nm, showed a wide and significant absorption spectrum in UV and visible regions. Photovoltaic parameters such
as short-circuit current (J.), open-circuit voltage (V,.), fill factor (FF), power output (P,), and energy conversion
efficiency () were determined for the four dyes. Conversion efficiencies obtained from Java plum, Red cabbage;
Hibiscus flower and Begonia rex were 0.098, 0.051, 081, and 0.094%, respectively. Efficiency of fabricated cells and

cell characteristics were found to correlate with absorption spectra of dyes.

© Emerging Academy Resources
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INTRODUCTION
Dye-sensitized solar cells (DSSC) have attracted
considerable  attention ever since M. Gratzel

demonstrated their ability to convert solar energy into
electricity (Gritzel, 2001). A DSSC is composed of a
nanocrystalline porous semiconductor electrode-absorbed
dye, a counter electrode, and an electrolyte. The dye
plays a key role as a sensitizer in absorbing and
transforming sunlight solar energy into electric energy.
Usually, transition metal coordination compounds
(ruthenium polypyridyl complexes) are used as the
sensitizers due to their intensive charge-transfer
absorption in the whole visible range and highly efficient
metal-to-ligand charge transfer. Ruthenium polypyridyl
complexes, however, contain heavy metals, which are
undesirable from the environmental aspect point of view
(Wongcharee, Meeyoo, & Chavadej, 2007). Moreover,
synthesis of these complexes is complicated and costly
and thus limits their large-scale applications in solar cells.
As such, there has been a further strategy to use
alternative inexpensive and environmental friendly dyes
such as ruthenium free complex metals, organic dyes
(Pradhan, Batabyal, & Pal, 2007). Organic sensitizers
have shown good conversion efficiencies indicative of
their promising potential as photosensitizers in DSSC
(Hara et al., 2004; Ito et al., 2006). However, despite of
their good performance, the synthesis of these dyes are
time-consuming and laborious (Seigo Ito, 2011). On the
other hand, natural dyes found in flowers, leaves, and
fruits which resemble organic dye can be extracted by
simple procedures. The use of these natural dyes as
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sensitizers in DSSCs represents a very attractive
alternative to organic dyes, since natural dyes are cheap,
readily available, easy to extract, environment friendly,
and less toxic. Normally most fruits, flowers and leaves
show various colors and contain several pigments which
are easily extracted (Calogero & Marco, 2008). The
leaves of most green plants are rich in chlorophyll and its
application as natural dye has been investigated in many
related studies as potential DSSC sensitizers (Chang et
al., 2013; Tennakone, Kumara, Kumarasinghe,
Sirimanne, & Wijayantha, 1996; Wang et al., 2005).
Anthocyanins are natural compounds that give color to
fruits and plants and are also largely responsible for the
purple-red color of leaves and the red color of flower
buds and have been widely used in DSSC (Fernando &
Senadeera, 2008; Rossetto et al., 2002).

In this study, we report the performance of four locally
available natural dyes extracted from Java plum
(Syzigium cumin), Red cabbage (Brassica Oleracea),
Hibiscus rosa-sinensis flower, and Begonia rex leaves.
According to previous studies, Java plum (Polo & Iha),
Red cabbage (Li, Ku, Chen, Ali, & AlHemaid, 2013),
Hibiscus rosa-sinensis (Calogero et al., 2010) mainly
contain anthocyanins while Begonia rex (Zhou, Wu, Gao,
& Ma, 2011) contains both anthocyanin and chlorophyll.

MATERIALS AND METHODS

Preparation of natural dye solutions (extracts)

Four natural dyes from Java plum (Syzigium cumin), Red
cabbage (Brassica oleracea), Hibiscus rosa-sinensis
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flowers, and Begonia rex leaves were used. They were
placed in a solar dryer for couple of days to dry until their
weight became invariant. The average temperature inside
the solar dryer was measured to be ~ 40°C. After drying,
the flowers were crushed using laboratory blender.
Approximately 10 g of each powdered sample was
dissolved in 50 ml of ethanol (96%)/ distilled water (1:1)
at room temperature and the resultant mixture was
agitated without exposure to sunlight for 48 h. After
extraction, the solid residues were filtered and the dye
solutions stabilized at pH 1.5 and stored at 4°C that was
reported by Yusoff (Yusoff, Kumara, Lim, Ekanayake, &
Tennakoon, 2014) as the suitable storage temperature for
the stability of anthocyanin. After four months the dye
solutions were used for UV-vis spectra and
photoelectrical measurement.

Preparation of Transparent Conducting Glass
Transparent conducting glass (F: SnO,-doped, FTO)
purchased from Solaronix-Switzerland was used in this
study. The FTO glass was cut into small pieces of 3 cm x
3 cm using a diamond glasscutter. Prior to cutting the
conducting side of the FTO glass was determined using a
multimeter. The conductive surface of the glass to be
scribed was carefully cleaned using tissue paper. It was
important to clean the surface of since even the smallest
dust particles can interrupt the cut, which can cause an
uncontrolled break.

TiO2 slide preparation

The TiO, slides (working electrode) were created as
follows; first, fluorine-doped tin oxide (FTO) glass
substrates (3.0 cm x 3.0 cm) were tested again to
determine the conductive side using a multimeter. Each
substrate was taped on the conductive sides to create a 2
cm x 2 cm square at the center of each substrate. Next,
commercial TiO, (P25, Degussa paste, Solaronix-
Switzerland) was spread across the substrate with a glass-
stirring rod in an even layer, and the substrate was dried
for about ten minutes. The tape was then removed and the
slides were pre-heated at 100°C for 15 min and then
annealed at 450 °C for 30 min. These slides were then
soaked in respective dye solutions for 24 h for pigments
adsorption.

Graphite counter electrode

The counter electrodes were prepared by coating FTO
plates with carbon on the conducting side using a soft
pencil to apply a light carbon film to the entire
conductive side of the plate. Any loose graphite particles
was gently removed. This thin carbon layer serves as a
catalyst for the triiodide-to-iodide regeneration reaction.

DSSC assembling

DSSCs were assembled following the procedure reported
in the literature (D. Zhang et al., 2008). The catalyst-
coated counter electrode was placed that the conductive
side of the counter electrode faced the TiO, film. The
iodide electrolyte solution (Iodolyte.HI-30, Solaronix-
Switzerland) was placed at the edges of the plates. The
liquid was drawn into the space between the electrodes by

capillary action. Two binder clips were used to hold the
electrodes together.

Characterization and measurement

The absorption spectrum of each dye solutions was
recorded using a UV—vis spectrophotometer (Hitachi U-
2000). For the UV-vis measurements dye solutions were
diluted by a factor of 5. The dilution was done in order to
overcome the problem of aggregation which gives a
turbid suspension that may increase or decrease the
apparent absorbance of the dye solution and thus cause
deviations from the Beer-Lambert law. But for the
adsorption of dye on TiO, films, concentrated dyes were
used.

Testing of photoelectrical performance of the DSSC was
done outdoors using solar illumination from the sun, and
the irradiance (70+1) mW/cm® was measured using the
luxmeter. The set up of the experiment are schematically
represented in Figure 1. For the first step, the resistance
was set at maximum, and values of current and voltage
were recorded. The other values of current and voltage
were measured by decreasing resistance until the voltage
reached nearly zero while current reached maximum.
Curves for current density (J) — voltage (V) and power
(P) - voltage (V) were plotted. Based on J-V and P-V
results the fill factor (FF) was calculated using Eq. (1):

Jmp =V
FF= T (1)
Jec® Ve

where J,, and V,,, are the photocurrent density and
photovoltage for maximum power output P, J;. and
V,. are the short-circuit photocurrent density and
open- circuit photovoltage, respectively. The overall
energy conversion efficiency (1) was calculated

using Eq. (2):
Jsc*VopXFF
= 2

Pin

where Py, is the power of incident light.

Ti0zfdye

Variable v
Resistors Sunlight

Source

solar cell

Counter
Electrode

Ammeter

Figure 1: Schematic diagram for measurement of

performance of DSSC.

RESULTS AND DISCUSSION

Absorption spectra of natural dyes

Figures 2(a)-(d) show the absorption spectra of the Java
plum, Red cabbage, Hibiscus, and Begonia rex
respectively. As shown in Figure 2a, Java plum has a
broad and strong absorption in the green region (485 -
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580 nm) with maximum peak at 530 nm. Begonia rex dye
extract absorbs most strongly in the violet-blue and red
regions with absorption peaks at 385 nm and 650 nm. The
absorption in red region shows presence of chlorophyll in
begonia rex (Zhou et al., 2011). Red cabbage and
Hibiscus both strongly absorbs in blue-green regions with
absorption range of 460 - 575 nm and maxima at 540 and
510 nm, respectively. Also Hibiscus has a peak at 380 nm
and thus showing some absorption in violet region. The
absorption spectra of Java plum, Red cabbage, and
Hibiscus show absorption features and wavelength range
in the UV and visible, and are in correlation with
previously reported studies (Alhamed, Issa, & Doubal,
2012; Chang et al., 2013; Mphande & Pogrebnoi, 2014;
Polo & Tha).
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Figure 2: Absorption Spectra of (a) Java plum (b) Red
cabbage (c) Hibiscus and (d) Begonia rex

Photovoltaic Properties

Photovoltaic measurements of the fabricated DSSCs
based on the four natural dyes Java plum, Red cabbage,
Hibiscus, and Begonia rex were performed by measuring
the J-V curves under outdoor sunlight irradiation. Figure
3 shows variation of current density-voltage curves for
the four natural dyes. All J-V curves show characteristics
typical for a photovoltaic device, which proves that all
the extracts display light harvesting properties and charge
transfer sensitization of the TiO,semiconducting film.
Figure 4 shows the power curves obtained as a function
of voltage. Table 1 summaries the performance of the
DSSC in terms of short-circuit current density (J;.), open-
circuit voltage (V,.,), maximum power output (P,), fill
factor (FF), and energy conversion efficiency (7). As
depicted from Table 1, Java plum showed the highest
efficiency (0.098%) compared to the other dye extracts
while Red cabbage had the lowest efficiency(0.051%).
DSSC fabricated from Hibiscus flower and Begonia rex
leaves gave conversion efficiency of about 0.094 and
0.081% respectively.

These conversion efficiencies obtained are in correlation
with absorption displayed in Figure 2 where the highest
absorption was that of Java plum followed by Begonia
rex, Hibiscus, and lastly Red cabbage. Also the curves of
P - V in Figure 4 are consistent with that for J - V curves
where the Java plum shows the maximum power
followed by Begonia rex, Hibiscus, and Red cabbage.
The conversion efficiency of DSSC made from Begonia
Rex and Java Plum as displayed in Table 1, showed
insignificance difference due to their slight difference in
open circuit voltage and short current density. Despite
Red cabbage having lowest efficiency, it was found to
have the highest fill factor. This has been contributed by
the shape of J-V curve of red cabbage, which looks better
than the rest due to constancy of the current. Therefore
the DSSC made from Red cabbage have less parasitic
losses compared to all the other cells and thus good
quality cell. There are slight differences in short-current
densities for DSSC made from Begonia rex, Hibiscus
and Java plum while that for Red cabbage are much
lower compared to others
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Table 1: Photoelectrical parameters of DSSCs sensitized
with natural dyes from different sources

Vie Te Vmp Jmp | 13 i
Dyesource | ) | fmdlend) | (V) | (mdem) | (uWimd) | () | (%)
Begoniarex | 046310351 10260 0250 0066 40 1004
Hibiscus | 0452{0316 0279 0203 {0057 0 008
JvaPum |0476{0335  [0280 [0244 | 0.068 4 100%
Red Cabbage | 044310078 10276 [0132 {0037 46 0031
0.40- — Begonia rex
] — Hibiscus
0.354 Red Cabbage|
] Java Plum
~0.304
NE ]
§0.25-
\E] 4
£0.20
§o.15:
0.10-
0.05-.
0.00. T T T T T
0.0 0.1 0.2 0.3 04 0.5
Voltage, (V)

Figure 3: Current density (J) versus Voltage (V) curves
for natural dyes from Java plum, Hibiscus, Red cabbage
and Begonia rex

Begonia rex
0.08+
—— Hibiscus
0.074 Red Cabbage|
Java Plum
0.06 4
<£0.05
L
%0.04-
20.03-
o
o
0.02
0.01
0.00 T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Voltage, (V)

Figure 4: Power (P) versus Voltage (V) curves for
natural dyes from Java plum, Hibiscus, Red cabbage and
Begonia Rex

It has been earlier reported that conversion efficiency of
most DSSC made from natural dyes suffers from low
open circuit voltage (Zhang Z., 2008), which is also the
case in this study where the open circuit obtained range
from 0.4 — 0.5 V. This can be due to both possible
electron/dye cation recombination pathways and the
acidic dye adsorption environment. Finding different
additives for improving V,. might result in larger
conversion efficiencies.
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CONCLUSION

In this work, we have successfully demonstrated the
sensitization of nanocrystalline TiO, using four local
natural dyes extracts from Begonia rex leaves, Red
cabbage leaves, Hibiscus flower and Java plum peals
under outdoor sunlight illumination. The J-V curves have
the expected shape for a photovoltaic device and are
consistent with previous studies on the similar material.
We have described and compared their UV-vis spectra
absorption and photoelectrical performance with respect
to one another. The extract from Java plum peals
achieved solar energy conversion efficiency of 0.098%,
which is the highest obtained among all sensitized cells.
Natural dye based cells appear to be limited by low V.
and a large decrease in photocurrent, probably due to dye
degradation
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