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applications in dye-sensitized solar cell devices.

INTRODUCTION

Dye-sensitized solar cells, developed by O’Regan and
Griitzel' as a device used for the conversion of sunlight into
electricity, are based on the sensitization of semiconductor's
wide band gap. The performance of dye-sensitized solar cells
mainly depends on the dyes used as sensitizers, which play a
key role in absorbing sunlight and converting solar energy
into electric energy”. The main parameters that determine the
conversion efficiency of cells include (i) the absorption spectrum
of the dye and (ii) the anchorage of the dye to the surface of
TiO, nanocrystalline®.

Natural pigments have been considered as promising
alternative sensitizer dyes for dye-sensitized solar cell, because
of low cost, simple preparation technique, easy availability,
complete biodegradation, applied without further purification,
environmental friendly; in addition to its reduced high cost of
noble metals and chemical synthesis*’. The structure of the
natural pigment used as a sensitizer determines the strength
of being attached to the TiO, surface. If the dye's structure has
hydroxyl or carboxyl functional groups, the dye binds strongly
to the TiO, surface®. The interaction between TiO, and the dye
leads to excited electron transfer from the dye molecules to
the conduction band of the TiO, semiconductor’. The highest
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efficiency of dye-sensitized solar cell, sensitized by ruthenium
polypyridyl complexes absorbed® on TiO,, reached 11 to 12 %.
However, ruthenium complexes contain a heavy metal, which
is undesirable from the point of view of cost and the environ-
ment’. However, alternatively, natural dyes can be used for the
same purpose, due to their low cost, non-toxicity, availability
and complete biodegradation'.

The natural dyes found in leaves, flowers, fruits and seeds,
can be extracted using simple procedures. Several natural dyes
have been used as sensitizers in dye-sensitized solar cells, such
as chlorophyll', betalains'?, a carotenoid', anthocyanin'?,
flavonoids' and tannin'®. Betalains, which are present in plants
of the caryophyllales order, are also found in some higher
fungi. Its water-soluble pigment is responsible for the visible
part of the solar spectrum'’. Betalains are divided into
betacyanins (red-violet) and betaxanthins (yellow-orange)'®.
Betalains have the necessary functional group (-COOH) to
facilitate the link to the surface of the dye-sensitized solar cell
semiconductor'’. Generally, most of the reports that used betalain
compounds as sensitizers for dye-sensitized solar cells, utilized
Beta vulgaris®, Sicilian prickly pear fruit*’ and Bougainvillea
spectabilis', as their betalain compound sources.

Chlorophyll is a green pigment found in the leaves of
most green plants, algae and cyanobacteria. Six different types
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of chlorophyll pigments exist; the most common of which is
chlorophyll a**. Chlorophyll absorbs light from red, blue and
violet wavelengths and gets its colour by reflecting green®.
Chlorophyll has two main absorption peaks in the visible
region, at wavelengths 420 and 660 nm. Different kinds of
organic solvents are used to extract natural pigments from
different organs of plants. These solvents affect the absorption
spectra of the dyes, as well as the effect on banding between
dyes and the TiO, surface®.

In this current study, the authors selected two tropical plant
species grown in Malaysia, namely Cordyline fruticosa and
Hylocereus polyrhizus (dragon fruit). They used different
solvents to extract the natural pigments from the leaves of C.
fruticosa and the fruits of H. polyrhizus. After identifying the
optimum solvent to extract dyes from these two species, the
best solvent and the optimum ratio of solvent for dye extraction
was investigated using UV-visible spectroscopy.

EXPERIMENTAL

Extraction of natural dyes: The leaf extracts of C.
fruticosa were obtained according to the following steps: after
cleaning C. fruticosa leaves were dried at 40 °C in an oven.
They were crushed into a fine powder using a grinder (Mulry
function disintegrator SY-04); 15 g of the powder was then
putinto 150 mL of six different solvents and left for one week
(at room temperature), in a dark condition. The extract solution
was then filtered using filter paper (NICE, 12.5 cm, 102
Qualitative). Finally, the dye solution was concentrated using
arotary evaporator (Yamato RE 600) at 50 °C for 3 h. The skins
of the dragon fruits (H. polyrhizus) were manually separated
from the pulp. The pulp was then cut into small pieces (of 15
g) and immersed in 150 mL of four different solvents for 24 h
(atroom temperature) in a dark condition. Soiled residues were
filtrated using filter paper, The filtrate was then concentrated
using a rotary evaporator at 40 °C for 3 h. The absorption
spectra of the studied dye extracts were measured using a UV-
visible spectrophotometer (Perkin Elmer, Lambda35). The
structures of the isolated dyes were confirmed using Fourier
transmission infrared (FTIR) and the spectra was recorded
using a Thermo Scientific, NICOLET 6700 spectrometer.
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Preparation of dye-TiO, solutions: The concentrated
C. fruticosa extract was dissolved using methanol mixed with
water at various ratios from 1:4 to 4:1. The dye solutions were
then mixed with 1 g of TiO.. The H. polyrhizus dye extract
was dissolved in water and then mixed with 1 g TiO,. Finally,
the dye solutions, which were mixed with TiO,, were measured
using a UV-visible spectrophotometer.

RESULTS AND DISCUSSION

Absorption of natural dyes in different solvents: Fig. 1
shows the absorption spectrum of C. fruticosa leaf extracts in
methanol, n-hexane, ethanol, chloroform, acetonitrile and
ethyl-ether. The extracted C. fruticosa shows an absorption
visible range of 630 to 700 nm. Three main peaks were observed
at approximately 530, 605 and 660 nm. The absorption peaks
of dyes in this study were similar to the absorption spectrum
of chlorophyll (Fig. 2a) shown in previous reports™?*. In
comparison, extraction using methanol showed the highest
peak of absorption spectra of C. fruticosa dyes. The band is
solvent sensitive, with a local maximum shifted toward higher
from acetonitrile to methanol of C. fruticosa leaf extracts.

Fig. 3 shows the UV-visible absorption spectrum of H.
polyrhizus fruits, extracted in water, methanol, ethanol and
mixed ethanol-water (at a ratio of 1:1). In the visible region,
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Fig. 1. UV-visible absorption spectra of extracts using different solvents

from C. fruticosa
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Fig. 2. General structure of (a) chlorophyll, (b) Betanin and (c) Betaxanthin
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Fig. 3. UV-visible absorption spectra of the extracts using different solvents
from H. polyrhizus

the aqueous solution of H. polyrhizus dye showed a main peak
at 530 nm, which was associated with the existence of betanin
(Fig. 2b). Meanwhile, the dye solutions that used methanol,
ethanol and mixed ethanol/water, showed two peaks at 530
nm (betanin) and 480 nm, which was ascribed to the presence
of betaxanthins (Fig. 2c). The absorption spectrum for
extraction using water showed the most intense curves and
the highest peak; compared to dyes extracted using other
solvents. These results are consistent with the results reported
by previous workers?” %,

FTIR study of dye's structures: The recorded FTIR
spectra of the dyes obtained from C. fruticosa leaves and
H. polyrhizus fruits are shown in Fig. 4a,b. The structures of
the isolated dyes, which were confirmed by their FTIR spectra,
were extracted using the optimum solvent; which had different
structures according to the type of source. The FTIR functional
groups of dyes were indicated as (a) C. fruticosa and (b) H.
polyrhizus. The sharper peak, which contained three heads
belonging to the C=C group, was more clearly observed in C.
fruticosa than H. polyrhizus.

However, the C=0 group appears in the 1739 cm’
wavelength and CH; group at 1456 cm™. The presence of the
C-O group at around 1060 cm™, as a strong peak, was indicated
higher in the dye. The aldehydes were found between the 879
to 721 cm™ wavelength, due to the base of the natural organic
dyes. At the same time, the H. polyrhizus dye was shown to
be similar to the functional groups of OH, C=C and C-O, as
indicated from the wavelength of absorbance. Therefore, two
groups of C=0 and OH, of the aromatic compound, were obtai-
ned at different wavelengths of 1635 and 1416 cm™, respec-
tively. Accordingly, the difference between the dyes was confir-
med by the absorbance, as shown in Fig. 3. The absorbance
for C. fruticosa was different to that of H. polyrhizus.

Absorption spectra of natural dyes adsorbed on TiO,:
Fig. 5 shows the absorbance spectra of dye extracted from
C. fruticosa leaves, loaded onto a surface, using methanol and
mixtures of methanol and water, at eight ratios ranging from
1:4 to 4:1 (methanol-water). The absorption of C. fruticosa
dyes onto TiO, increased alongside the methanol: water
mixture at a ratio of 3:1, compared to methanol mixtures at
other ratios. Fig. 6 shows the absorption spectra of H. polyrhizus
fruit dye onto the TiO, surface using methanol, water, methanol-
water and ethanol-water. The absorption spectra of TiO, loaded
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Fig. 4. FTIR spectra for dyes obtained from (a) C. fruticosa and (b) H. polyrhizus
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Fig. 5. Absorption spectra of C. fruticosa leaf dyes adsorbed onto TiO,
under different ratios of methanol to water mixtures
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Fig. 6  Absorption spectra of H. polyrhizus leaf dyes adsorbed onto TiO,
using different solvents

with H. polyrhizus dyes increased alongside the water and
ethanol-water ratios. The dye's ability to carry attachments of
carboxyl or hydroxyl groups and types of solvent, controlled
the amount of dye that was adsorbed onto the molecules” of
TiO,.

These current results might attribute to the fact that the
dye extracted from C. fruticosa had a good solubility in mixtures
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of methanol-water at a ratio® of 3:1. This could be due to the
higher amount of dye that was adsorbed onto the particles of
the semi conductive TiO,, which enhanced the absorption
spectrum of the dye with TiO,. In addition, more than optimum
ratio of methanol-water (3:1) produced a higher polarity
between the dye molecules and the surface of the TiO,, which
increased the repulsing effect between them'.

Conclusion

This study used two plant species, which grow in Malaysia,
for the extraction of dyes from their leaves and fruits, namely:
C. fruticosa and H. polyrhizus, respectively. The results show
that chlorophyll and betalains dyes were soluble in different
solvents (i.e., water, methanol, n-hexane, ethanol, chloroform
and acetonitrile). The results identified that methanol and water
were the best solvents to use for dye extraction from the leaves
of C. fruticosa and the fruits of H. polyrhizus, respectively.
Moreover, the TiO, nanoparticles, coated with chlorophyll and
betalains dyes, had a higher absorption spectra when the ratio
of methanol and water was at 3:1 and water used in different
solutions.
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