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ABSTRACT
Dye-Sensitized So lar Cell (DSSC) becomes more and more interesting since a huge variety of dyes included. The natural dyes can be
used as light-harvesting elements which provide the charge carriers. This contribution research on the possibility of using natural dye
Areca catechu from a local Malaysian Palm tree, namely Pinang fruit, extracted by using Acetonit rile as an ext racted solvent for DSSC
application. This study focuses on the properties of natural dye fro m Areca catechu, extracted with highly acidic med ia. Ultr avio letvisible absorption spectroscopy (UV-Vis), Fourier Transforms Infrared (FTIR), and Photolu minescence spectroscopy (PL) have been
investigated for characterized dye. The natural dye extracted from Areca catechu has interesting properties due to the high degree of
mo lecule conjugation. This dye is capable of absorbing light quantum, a t low and high energies ranging from the infrared to the
Ultrav iolet (UV) region. The presence of natural dye in Areca catechu crust was reported by both UV-Vis and FTIR. While th e intensity
of Photolu minescence emissions reported a bandgap of 1.85 eV. Are ca catechu as a natural dye fo r DSSC sensitizat ion, pro mising to
achieve high cell performance, low-cost production, and non-toxicity for future applications in dye-sensitized solar cell devices.
Keywords: Natural Dye; Areca catechu; Dye-Sensitized Solar Cell; Acetonitrile, FTIR; Photoluminescence spectroscopy.

1. INTRODUCTION
Nowadays, attention is tending to renewable, sustainable
energy to reduceenergy consumption and environmental pollution
[1]. Dye-sensitized solar cells (DSSCs) are the third generation of
solar cells that possess a low cost of materials and fabrication
process compared to silicon-based solar cells added with
reasonable efficiency (η) [2].
Nanoporous metal o xide o f titaniu m dio xide (TiO2 ) was
introduced in DSSCs by M . Grat zel and made the breakthrough in
η of DSSCs with a value of 10% at AM 1.5 solar radiation [3].
The Grat zel’s cell was co mposed of nanocrystalline co llo idal TiO2
films sensitized by polypyridyl comp lexes of Ruthenium (Ru )
known as the N3 dye and I-/I-3 solution in a volat ile organic solvent
as an electrolyte. In DSSC, the dye is essential in harvesting and
converting photons into electrical energy; Therefore, the operation
of DSSC and the performance of fabricated cell mainly depends
on the type of dye sensitizer, where the adherence of the dye to the
surface of semiconductor TiO2 and the absorption spectrum of the
dye are essential parameters in determining the efficiency of the
cell [4-5].
However, the cost of the ruthenium dye is high, along with
problems in stability and efficiency, making DSSC
commercialization difficult [6].
Due to this problem, the researcher searched other ways to
substitute the Ru-based dye and lead to the findings in the
application of organic dyes and natural dyes into DSSC. Organic
dyes are econo mically and the h ighest η reported by using this
kind of sensitizers as high as 11.9% [7]. Due to the fact that
natural dyes can often inhibit the growth of microorganisms
without toxicity [8]. Using plant waste to extract color and utilize
for the dyeing of new natural dye is a kind of recycling that is not

only helping the environ ment but also pro motes nature. Plants
have been identified as the main sources of natural dyes. However,
the extract ion of natural dyes from plants sources presents
challenges such as conservation. There are no specific methods for
their extraction; it could depend on the goal.
Another significant problem is related to the availability of
the dye source as most of the plant sources are seasonal [9]. On
the other hand, natural dyes are less stable (i.e., they degrade
quickly) and then cannot be kept for a long time. In nature,
flowers, leaves, and fru its have different colors and contain several
pigments that can be readily ext racted and used for DSSC
fabrication. The electronic structure of p ig ments reacts with
sunlight to change the wavelengths. The specific color depends on
the capacities of the viewer. Pig ments can be described by the
maximu m absorption wavelength (λmax).
Thus, this study aims to identify a new natural dye fro m the
local Malaysian species and investigate the possibility of its
potential as a natural sensitizer with simple method ext raction.
Areca catechu fruit is also known to have an active carboxyl
group. This paper highlights the optimu m ext raction method to
produce the natural dye-based on Acetonitrile as a solvent. The
fruit ext ract was characterized by UV-Vis spectrophotometer to
observe the absorption spectra [10].
FTIR spectral analysis was used to determine the functional g roup
in the nature dye [11]. Photoluminescence spectroscopy to
investigate the energy levels of materials in providing fundamental
informat ion on the electronic properties and impurity levels of
these materials [12]. The prospect of this cheap and new natural
organic dye in DSSCs was discussed.
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2. MATERIALS AND METHODS
Malaysian Pinang fruit used to extract the new natural dye.
Generally, this palm species of Areca catechu grows in the tropical
regions of Asia and parts of East Africa [13] and locally called the
Betel tree. The seed contains alkalo ids such as arecaidine and
arecoline. The sliced seeds (endosperm) are chewed as a mild
stimulant, sometimes together with other leaves such as pepper
plants or Gamb ier. Areca catechu has antidepressant properties in
rodents [14], [15], and it largely contains sugars, lipids , as well as
polyphenols [16]. Po lyphenols are the most bioactive components
in Areca catechu, which co mprised of condensed tannins,
hydrolysable tannins, and flavonols. Figure 1 displays the
chemical structure of catechuins present in Areca catechu.

Figure 1. Chemical structure of catechin contained in Areca catechu.

3. RESULTS
3.1. Acetonitrile as a solvent.
Solvents can have an effect on solubility, stability, and
reaction rates and choosing the appropriate solvent for ext raction.
Table 1 shows the main physical propert ies for t raditional solvents
used in extraction.
Table 1. Physical properties of some common organic solvents*.
Boiling
S olubility in
Viscosity
Point
Polarity
Water
(cP 25°C)
(°C)
(g/100 g)

S olvents

Formula

Hexane

C6H14

69

0.31

0.1

0.0014

Acetone

C3H6O

56.2

0.31

5.1

M

Acetonitrile

C2H3N

82

0.33

5.8

M

Chloroform

CHCl3

61.2

0.54

4.1

0.8

Ethanol

C2H6O

78.5

1.07

5.2

M

Toluene

C7H8

110.6

0.56

2.4

0.05

Methanol

CH 4O

64.6

0.54

5.1

M

Ethyl ether

(C2H5)2O

34.6

0.224

2.8

6.05

Pyridine

C5H5N

115

0.88

5.3

M

*The values were sourced from online and hardbound compilations.
Relative polarity data: [17], M : completely miscible.

The high popularity of acetonitrile is due to its excellent
solvation ability with respect to a wide range of polar and
nonpolar solutes, and favourable properties such as low
freezing/boiling points, low viscosity, and relatively lo w to xicity
[18]. Acetonitrile is a co mmon t wo-carbon build ing block in
organic mo lecules to construct many useful chemicals, including
acetamid ine hydrochloride, thiamine, and α-naphthalene acetic
acid, and also one of the key reasons for this is that it contains a
hydrophobic methyl group connected to a hydrophilic cyano group
[19], Figure 2.

Figure 2. Chemical structure of Acetonitrile.

3.2. Preparation of sensitizer.
Following the protocol used in the earlier work [20-21], the
natural dye was prepared. Fruits crust of A. catechu plant was

taken and washed using distilled water. Then, it was dried under
diffused solar radiation by keeping in the open room at mosphere
for 2-3 days before being crushed into a fine powder using a
grander (Mulry function disintegrator SY-04). Next, about 40 g of
the resultant powder was immersed in 100 mL of acetonitrile
(Sig ma-Aldrich). Later, the obtained solutions were placed in a
shaker (A mbient Shaker Incubators, SKU: SI-100) for 24 hours.
Finally, the extract was separated using filter paper (NICE, 12.5
cm, 102 Qualitative) to achieve a clear dye solution.
3.3. Characterization.
The absorption spectra of freshly prepared Areca catechu
dye were determined using Ultravio let-Visible spectroscopy
(Perkin Elmer, Lambda 35) in the range of 200 n m to 900 n m.
Meanwhile, the chemical structure of the Areca Catechu dye
solution was examined by FTIR technique (Model NICOLET
6700 FT-IR), in the range of 4000-400 cm-1 . Photolu minescence
(PL) spectra were recorded using a fluorescence spectrometer
50560.
3.4. Results and discussion.
Note that as a general principle, focus in this paper on the effect o f
solvent by UV-Vis, and the chemical structure for the natural dye
from FTIR and the bandgap effective from PL analysis.
3.4.1. Effects of Solvent on the Absorbance of Extracted Natural
Dye.
The natural dye extracted fro m Areca catechu in
Acetonitrile solvent showed a light yellow co lor. This dye solution
revealed a strong absorption band (Figure 3) in the UV-Vis
wavelength region that occurred fro m 350 n m to 512 n m, which is
located within visib le range and refers to vio let color, which is
considered as the highest frequency color. The absorption spectra
of the dye were depended on the chemical structure and the
polarity of the dye.
3.4.2. Fourier Transform Infrared Spectroscopy (FTIR).
The Fourier Transform Infra -Red spectra of Areca catechu
is shown in Figure 4 exp lained how the solvent can express the
characterizat ion of a functional group for natural dye. In this
study, four possible coordination environments were identified
[22]. First structures indicated that spectra have the characteristic
vibration of (O – H) stretch at 2937.01, 2262.59, cm-1 , consider as
a carboxy lic acid group. The s econd absorption peaks at 1448.64,
1370.15 cm-1 is assigned for (H – C – H) bending modes. The
third functional group (O – C) appears at 1041.66 cm-1 . While
forth is related to (C – O – C) stretching bands 912.79 and 750.96
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cm-1 that are typical of aro matic molecu les. The last absorption
peaks between 3000 cm-1 and 3700 cm-1 are assigned to (O – H)
stretching vibration mode of water molecu les. The interaction
behavior of the components can be observed through the
identification of the changes in the FTIR spectral features fo r
intensity, bandwidth, and position.
0.8

Areca catechu dye

Absorbance

0.6

0.4

transfer, and to understand the fate of electron-hole pairs in
semiconductor particles because PL emissions result fro m the
recomb ination of free carriers [23]. Areca catechu dye will absorb
the incident photons with sufficient energy equal to or higher than
the band-gap energy, which will produce photo-induced charge
carriers (h+…e−). In addit ion, the reco mb ination of photo in duced
electrons and holes releases energy in the form of PL emission
spectra. Hence, a h igher PL intensity indicates less charge
recomb ination. The band gap energy can be calculated using the
relation, Eg = 1242 / ʎ, eV with ʎ in n m [24]. Figure 5 shows
Photoluminescence spectra of Areca catechu dye with
wavelengths recorded 672 nm.
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Figure 3. UV-Vis spectra of Areca catechu dye.
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Figure 5. Photoluminescence spectra of Areca catechu dye.
Table 2. Characterizations for Areca catechu dye
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Figure 4. FTIR Spectra of Areca catechu dye.

3.4.3. Photoluminescence Spectroscopy (PL).
Photoluminescence Spectroscopy (PL) is a suitable tool to
study the efficiency of charge carrier trapping, migrat ion, and

Criterion

Areca catechu dye

Wavelength (nm)

448

Absorbent (a.u)

0.408

Carboxyle group
(cm-1 )

2944.44, 2293.70, 1634.81, 1443.28, 1375.65,
1039.02

Band Gap (ev)

1.848

Areca catechu dye exhibits a bandgap of 1.848 eV. The
smaller bandgap led to a large photocurrent because of the
utilizat ion of the long-wavelength region in the solar spectrum.
Table 2 indicates the summary of the absorbance and Chemical
Structure obtain for Areca catechu dye.

4. CONCLUSIONS
A new natural dye extracted fro m Pinang Palm (Areca
catechu) was successfully used as a dye sensitizer based DSSC.
The objective was to investigate the extract under Acetonitrile
solvent and study characterization with optical properties as a
sensitizer for dye-sensitized solar cells. Areca catechu was
successfully characterized by UV-Vis, FTIR, and PL in order to
investigate its characterization. It pro mised strong interaction with
the TiO2 surface and photosensitization because of the hydroxy l
and carboxylic functional groups. The UV-Vis measurement
proved the high absorbance of Areca catechu. The obtained results
represent a significant step forward in defining the structure of
Areca catechu dye and may prove of great interest in the
production of semiconductor materials and in potential uses of

Areca catechu as photovoltaic cells especially DSSC. These
results clearly show that Areca catechu can be applied as a natural
dye to DSSC. It is promising for the realization of high cell
performance, low-cost production, and non-toxicity. It should be
emphasized here that natural dyes from food are better for human
health than synthetic dyes. Advances in the novel nature-inspired
sensitizers can result in reducing the cost of production and
improving the stability of the dye. Industrial interest in organic
photovoltaic technology is high at the mo ment, and that will cause
continued investment. However, there is an agreement that these
problems will be resolved as the technology matures, or at least
problems will be mitigated.
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