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Abstract. The adsorption characteristic of natural dye has been studied on
harvesting light using purification process. The purification process used
for separation pigment photosynthesis of syngonium leafs was called
fractionation. The first fractionation of the dye contains pigment of βcarotene . The absorpton spectrum of β-carotene has been investigated by
using Uv-Vis spectroscopy. The Fourier Transform Infrared revealed that
the binding of the dye was on the surface of TiO2. Analysis absorbance and
energy gap of the dye has been investigated by using Uv-Vis spectroscopy
and Tauc relation. The cells were illuminated under 100 mW/cm2 AM 1.5
condition. The performance of the cells with sensitized the fractionation
dye has a short circut current density (Jsc) of 0.27 mA/cm2, an open circuit
photovoltage (Voc) of 0.4V, and Fill Factor (FF) of 68.89%. Furthermore,
the overall efficiency of DSSC is 0.074%. The low efficiency for the
fractionation cell based dye sensitized solar cells due to the weakness of
interaction between dye molecule and the surface of TiO2.

1 Introduction
Dye sensitized solar cells (DSSCs) is the third generation of photovoltaic device that
attracted considerable attention due to the low cost fabrication, enviromental friendly and
simple fabrication [1]. The first concept of DSSCs was introduced by Grätzell and his coworker in the year 1991 [2]. The device can convert the light energy into electrical energy
by using sensitizer. The sensitizer can absorb visible light and then inject an electron to the
semiconductor to generate photocurrent.
The process of photosensitization of the dye on the surface of semiconductor has an
important role to increase the performace of DSSCs. The photosensitization is the process
of harvesting light and electron injection of the dye from low level energy to the
conduction band of semiconductor [3]. Thus, the efficiency of DSSC is mainly determained
by the using ofsensitizer.
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Generally, transition metal coordination compound such as ruthenium transition metal
polypyridyl complex is used as an effective sensitizer. The highest efficiency of DSSC
using ruthenium complex is 11 – 12% [4]. Although, the ruthenium has given the best
performance as sensitizer, ruthenium polypyridyl contains heavy metals, which makes this
kind of sensitizer unfriendly for the enviroment, and limited in amount. Moreover, the
synthesis of this complex is very complicated and expensive [5]. In order to replace the rare
and expensive ruthenium material, the natural dye from pigment of leaf, seed, and fruit can
be used as a low cost, easy extraction and friendly enviroment sensitizer.
Photosyntetic pigments that commonly consists of chlorophyll, and its derivative, and
carotenoid, have an important role in harvesting light and electron transport. Those pigment
contain carboxylate group that influence photosensitization process on the surface TiO2.
In this work, pigment β-carotene from syngonium sp has been separated by using column
chromatography technique. The β-carotene pigment extract from Syngonium sp was used as
natural dye in DSSC. The absorption spectrum, the band gap analysis, and the interaction of
the dye onto surface of TiO2 have been investigated by using Uv-vis spectroscopy, Tauc
relation and FTIR spectroscopy, respectively.

2 Experimental
2.1 Preparation of Natural dye solution
Syngonium sp was washed, crushed in a small pieces and dried in room temperature over
night. The leaf was blended to obtain powder of Syngonium sp. Then, the pigment of
Syngonium sp was extracted by using maserasi method. The leaf was immersed in acetone
solutian with ratio at 1:5 (v/v).
Separation of β-carotene pigment in the Syngonium sp is performed using column
chromatography tecnique. The technique follows the procedure of Shioi [6]. The β-carotene
pigment in the purification process has been obtained from the first fractionation. The
Fig.1 shows the result of the first fractionations (F1) from Syngonium sp. The F1 dye will
be used as natural photosensitizer for this work as natural dye.

Fig.1 The first fractionation pigment from Syngonium sp
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2.2 Preparation of dye sensitized solar cells
Thin film semiconductor TiO2 and the counter electrode, Pt, were coated onto FTO glass
substrate that obtained from dyesol. These electrode were washed by using isopropil
alcohol solution. Semiconductor TiO2 was immersed into 0,1 M dye solution for 3 days.
Then, TiO2 that was sensitized dye, was rinsed by using ethanol solution.
TiO2 sensitized dye photoelectrode and Pt counter electrode were assembled by using
suryline polymer that followed the procedure of Prima [7]. The electrolyte solution, EL
HSE, that obtained from Dyesol was dropped into the hole of counter electrode and then the
hole was sealed by another suryline to prevent electrolyte leakage.
2.3 Characterization and Measurement of dye sensitized solar cells.
To investigate physical properties of natural dyes, the dye of Syngonium sp absorption
spectrum was investigated by using Uvi-visible spectroscopy of Hewlett Packard 8453
Agilent Technologies. The binding vibration of dye solution and TiO2 photoelectroda, after
and before immersed in dye solution, were investigated by using Fourier Tranform Infrared
spectroscopy of Prestige 21 Shimadzu Japan. To calculate energy gap of dye solution was
investigated by using Tauc realation, as given Eq.(1) [8].
αhυ ≈ (hυ – Eg)
FF = Vmax×Imax / Voc×Isc
η = Voc×Isc×FF / Pin

(1)
(2)
(3)

To investigate performance of dye sensitized solar cells, the device was iluminated
under standard solar simulator (AM 1.5; 1000 mW/cm2). The photocurrent- voltage (J-V)
curve was used to determine the short-circuit photocurent (Jsc) and open-circuit voltage
(Voc). The Eq.(2) was used to calculate the Fill Factor (FF). The overall efifciency of DSSC
has been observed by using Eq.(3).

3. Results and Discussion
3.1 Uv-vis Spectroscopy
The uvi-vis absorption spectra of F1 dye was shown in Fig.2. According to the Fig.2, the
absorption peaks of F1 dye was observed between 414 nm and 502 nm that confirmed as
carotene pigment that indicated transition energy from S0 to S1 [9-13]. The β-carotene
pigment is the part of the carotene pigment that mainly obtained in the leaf that have
absorption characterization of 440 – 480 nm [14]. It corresponds to the results that was
showed in Fig.2.

3

MATEC Web of Conferences 159, 02052 (2018)
IJCAET & ISAMPE 2017

https://doi.org/10.1051/matecconf/201815902052

Fig 2. The absorption spectrum of The β-carotene pigment.

3.2 Determination Gap Energy of Natural Dye from pigment Syngonium sp.
The gap energy of each pigment can be evaluated by using Tauc relation that is described
on Eq.1. Fig. 3 shown the plot of hυ versus (αhυ)2 for β-carotene dye. The gap energy of βcarotene based natural dye is 2.47 eV.

Fig.3 Determmination of gap energy using Plot Tauc relation

3.3 The Fourier Transform Infrared (FTIR) Characterization
Fig.4 shows the fourier transform infrared of TiO2 before and after soaking in dye solution.
According to the Fig.4, the peaks of TiO2 presented at 3429.53 cm-1 is affected by O-H
stretching vibration bonding of hydrogen water molecule. The peak shown at 1625.21 cm-1
is assigned to O-H bending, and the peak at 454.3 cm-1 is due to the vibration bonding of TiO [15]. After TiO2 was immersed in dye solution, it appeared two new peaks at 2917.3 cm-1
and 2846.6 cm-1, both of peaks were confirmed as peak of natural dye that bond onto
surface TiO2.
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Fig.4 The Fourier Transform Infrared of TiO2 before and after immersed into dye Solution

3.4 The Performance of Dye Sensitized Solar Cells
The performance natural dye from pigment photosynthesis of β-carotene was performed by
measuring the current density-voltage (J-V) under illumination 100 mw/m2 AM, 1.5
standard. The parameter of short circuit current density (Jsc), open circuit voltage (Voc), fill
factor (FF), and efficiency (ƞ) were listed in Table 1.
Table 1 Parameter performance natural dye using natural pigment of β-carotene from syngonium
sp.

Natural
Dye
F1

Jsc
(mA/cm2)
0.27

Voc
(V)
0.4

FF
(%)
68.89

η
(%)
0.074

Fig.5 The current – voltage curve for F1 dye based DSSC

The Fig.5 shown the J-V curve of β-carotene pigment based natural dye of DSSC. The
low efficiency (η) was probably influenced by some factors such as the concentration of dye
was low, the gap energy of dye was wide and the absorption of dye in visible light spectrum
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was limited. Therefore, they cause the weakness of interaction between dye molecule and
the surface of TiO2.

4. Conclusion
Natural dye from natural pigment photosynthesis such as β-carotene from the leaf of
syngonium sp through the purfication process can be used as natural photosensitizer in
DSSC because it is ability to harvest light in visible spectrum. Moreover, the performance βcarotene based natural dye DSSC is still low. It is caused by the concentration and the
limited harvesting visible light of the dye is low due to the low of photosensitization
prosess between dye and the surface of semiconductor TiO2.
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