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Abstract. The possibility of natural dye from the pigment of the pigment of
Syngonium podophyllum leaves as natural photosensitizer in Dye Sensitized
Solar Cells (DSSC) has been studied in this work. The dyes was extracted using
various solvents, such as acetone, ethanol and the combination of acetone and
ethanol. The effect of solvent extraction in absorbance spectra, band gap energy
(HOMO-LUMO), and adsorbance on the surface of TiO: of the natural dye was
explored. The uv-vis spectroscopy, Fourier Transform Infrared (FTIR), and
Cyclic Voltametry (CV) were used to characterize the dyes. Our findings showed
that the combination of acetone-ethanol give the highest peaks of the absorbance
spectra. Based on FTIR analysis, all extracted dyes were adsorbed onto the
surface of TiO2. The ethanol solvent extraction gave smallest band-gap energy
among the solvents.

Keywords: Dye Sensitized Solar Cells, Natural Dye, Syngonium Podophllum,
Photosensitizer.

Introduction

Solar cells represent a promising candidate for addressing the global energy crisis.
However, fossil fuels such as coal and diesel remain the primary energy sources due to
their relatively low cost, ease of use, and widespread availability [1]. Solar cells are the
technology to convert solar energy to electrical energy via photovoltaic effect. Dye
sensitized solar cells (DSSCs) is the third generation of photovoltaic technology that
has become an alternative renewable energy due to low costs manufacturing, simple
fabrication process and stable conversion in low light and dark condition [2, 3]. DSSCs
consist of nanoporous metal oxide materials doped onto conducting glass, which act as
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photoanodes; dyes as photosensitizers; electrolytes as the electron connectors between
the photoanode and the counter electrode; and counter electrodes with electrocatalytic
properties [4, 5].

The dyes components play an important role to improve the performance of DSSC.
In recent years, ruthenium-based sensitizers, such as N3, N719, black dye, and others,
have been widely used. These ruthenium dyes offer a significant advantage, namely
high conversion efficiency, due to their broad light absorption spectrum, excellent sta-
bility, and superior light-harvesting and injection efficiencies [6]. However, ruthenium
contains heavy metals that can cause environmental problems and involves a compli-
cated synthesis process, which increases the cost of fabrication [7, 8]. Consequently,
many researchers have developed natural dyes from chlorophyll, anthocyanin, carotene
and other pigments which can be obtained from the extraction process from leaves,
fruits, seeds, seems, flowers and others [9]. Several reasons researches are transitioning
ruthenium-based dye to natural dyes include their ease of synthesis, cost-effectiveness
and environmental sustainability [10, 11]. Regrettably, despite being easy to extract and
environmentally sustainable, the resulting DSSC struggles to achieve high efficiency
due to issues with resistance and incompatibility when integrated with other compo-
nents [12]. Therefore, further research is required to explore and to optimize the new
natural dye from the natural resources.

One of the development performance natural dyes is utilization of solvent extraction
for preparation natural dye. Solvent extraction of natural dye can give the impact to the
interaction and binding dye molecule on the surface of semiconductor TiO> and it can
influence the overall performance of DSSCs [13, 10]. Previous research, have been
investigated about the effect of different solvent to the performance of DSSC. Based
on their results showed that the performance of DSSC depend on the parameter solvent
extraction such as polarity, PH, and temperature [14]. The utilization of solvent extrac-
tion based on their polarity have been carried out by Adedukon, et.al [15]. P.Granatum
dye that was extracted by protic polar solvent, produced an absorbance range of around
500 nm to 560 nm. The absorbance range of P.Granatum dye using polar solvent were
around 450 nm. The result indicate that dye extracted from P.Granatum peels demon-
strated greater solubility in polar solvents compare to the other solvents utilized. In
addition, the use of different solvent extractions, such as ethanol, methanol, and a com-
bination of ethanol-methanol, to extract anthocyanin and chlorophyll pigments from
Roselle and green tea produced varying DSSC efficiencies: 0.000959%, 0.0016%, and
0.00142% for anthocyanin, and 0.0000257%, 0.0000752%, and 0.0000111% for chlo-
rophyll [16].

In this study, we utilize a novel natural dye derived from pigment extract of Syngo-
nium podophyllum leaves. This plant is a tropical climbing species classified under the
Araceae family. They are commonly utilized as an ornamental plant due to its low
maintenance requirements and abundant availability. Syngonium podophyllum as sen-
sitizer has been reported by Halidun, et al. [17]. The efficiency of DSSC produced
0.074% with the purification process of natural dye. Lingga, et al reported that Syngo-
nium podophyllum-based natural counter electrodes achieved a DSSC efficiency of
0.308% [18]. Therefore, this study aims to explore of the natural dye derived from Syn-
gonium podophyllum as a photosensitizer, examining the impact of various solvents on
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its absorption spectrum, dye molecule interaction with the semiconductor, and the mo-
lecular orbitals of the natural dye.

2 Experimental Method

2.1  Extraction and Preparation of Natural Dye

This study employed natural dye extracted from Syngonium podophyllum leaves using
the maceration technique. The dye extraction process utilized various solvents, includ-
ing acetone, ethanol, and their combination. The procedure comprised three main
stages: cleaning, preparation, and extraction. The stage of preparation of natural dye
follows of Halidun, et al [17].

Cleaning stage. Syngonium podophyllum leaves were rinsed under running water to
remove impurities such as dust and soil, followed by through washing with distilled
water. Then, the leaves were kept in room temperature.

Preparation stage. The cleaned leaves were cut into smaller pieces and dried using a
microwave at 30°C until the moisture content was significantly reduced. The dried
leaves were then ground into powder using an electric blender to produced Syngonium
podophyllum powder.

Extraction stage. The powdered leaves were soaked in extraction solutions consisting
of acetone, ethanol, and their combination, with a leaf-to-solvent ratio of 1:5 (v/v). The
soaking process was conducted in a dark environment at ambient temperature for sev-
eral days. The resulting dye solution was subsequently filtered using Whatman filter
paper (110 mm) and centrifuged at 1500 rpm for 15 minutes.

2.2 Characterization and Measurement

The absorption characteristic of the extracted natural dyes was analyzed using UV-Vis
spectrophotometer (Hawlett Packard 8453, Agilent Technologies, Europe/British),
with the measurement conducted over a wavelength range of 200 — 800 nm. The bind-
ing vibration of the natural dye on the TiO2 photoelectrodes were characterized using
Fourier Transform Infrared (FT-IR) spectroscopy of Prestige 21 Shimadzu Japan over
a wavenumber range 4500 — 400 cm™'. Cyclic voltammetry characterization of the
DSSC was conducted to determine the oxidation and reduction potentials of the dye
using an eDAQ potentiostat with an e-coder 401 and Echem software version 2.1. The
scan rate used in this measurement was 20 mV/s, with a potential range from -1600 mV
to +1600 mV. The electrodes used in the measurement included a carbon paste working
electrode, a platinum counter electrode, and an Ag/AgCl reference electrode. The
HOMO, LUMO and redox potential gap were determined through this measurement
with the Egs. (1) to (3) [19].
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HOMO = —(E,, + 4,4) (1)
LUMO = —(E,pq + 44) )
E, = HOMO — LUMO 3)

3 Results and Discussion

3.1  Absorption of Natural Dye

The UV-Vis spectrophotometer was used to determine the absorbance of the dye solu-
tion. Fig. 1 showed the absorbance of Syngonium podophyllum as natural dye. The
wavenumber of the spectrum absorbance can indicate the pigment content of Syngo-
nium podophyllum dye [20]. As shown in Fig.1, the absorbance peaks of dye were con-
ducted in range around 400 nm and 650 nm. These absorbance peaks indicate that the
pigment of Chlorophyll is present [21, 22].
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Fig. 1. Absorbance spectrum of Syngonium podophyllum dye

Chlorophyll is a green pigment involved in photosynthesis, found in plants, algae, and
cyanobacteria. It has two primary absorption bands: the red band (Qy band) and the
blue band (Soret band), which correspond to the light absorption ranges of 400—500 nm
and 600-700 nm in the visible spectrum, respectively [23]. As seen in Fig. 1, all ex-
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tracted dyes have abroad range in that spectrum. The broad absorption peak of Syngo-
nium podophyllum dye was obtained using combination of ethanol and acetone solu-
tions. This is attributed to the higher solubility of the solution compared to other [15].

3.2  FTIR Spectrum of Natural Dye on Semiconductor TiO:

FTIR analysis is employed to examine the molecular bonding of the dye on the surface
of the TiO2 semiconductor. The FTIR spectra of TiO2 before and after immersed in
natural dye solution are shown in Fig.2.

All spectra have the characteristic vibration of Ti-O at range standard 450 — 1000
cm! [24]. The present peaks at 3429 cm™ and 1627.37 cm™ in all spectra is correspond-
ing to the stretching and bending vibration of -OH group, respectively. The peaks of
2851 t0 2921 cm™ and 1627.37 in all spectra are represented to stretching of -CH vi-
bration alkanes group and stretching vibration of C=C aromatic ring. The peak emerged
at frequency of 2340-2366.4 cm™ corresponding to the stretching vibration of C=C al-
kyne group. The present peak at 1383.2 in all spectra is due to nitrate ions derived from
the nitric acid used for pH adjustment during synthesis of TiOz [25]. The transmittance
value of TiOz-natural dye is higher than pure TiO:. It indicates that natural dye was
adsorbed on the surface of TiO: [26, 15].
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Fig. 2. FT-IR Spectra of TiO; before and after immersed in natural dye
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3.3  Cyclic Voltammetry Analysis of Natural Dye

The determination of the HOMO and LUMO energy levels of the dyes was obtained
from cyclic voltammetry measurement data. The onset data of the first reduction and
oxidation potential peaks indicate the HOMO and LUMO energy levels of natural dyes
based on the approach proposed by Bredas et al [27]. The voltammetry characteristics

diagram of Syngonium Podophyllum leaf pigments extracted with ethanol, acetone, and
their combination is presented in Fig. 3.
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Fig. 3. Cyclic Voltametry of Syngonium Podophyllum with various Solvent Extraction

Table 1. The HOMO- LUMO Energy Levels and Gap Energy of Syngonium Podophyllum.

Solvents Extraction  Eq (V vs Ag/AgCl)  HOMO (eV) LUMO (eV) E,(eV)

Ethanol 1.15 -5.55 -3.72 1.83
Acetone 1.10 -5.50 -3.67 1.83
Acetone-Ethanol 1.14 -5.54 -3.72 1.82

Based on the cyclic voltammetry analysis, the HOMO and LUMO data of the natural
dyes were obtained, as shown in Table 1. Each dye with different solvents extraction
exhibits a LUMO energy level that is more positive than conduction band of semicon-
ductor TiO2 (-4.0 eV) and a HUMO energy level that is more negative than iodide
potential (-4.8 eV). This is consistent with the finding reported by Prima, et al [28]. The
HOMO and LUMO energy levels play a critical role in determining the efficiency of
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electron transfer between the electrolyte, dye, and TiO2 semiconductor. The difference
value of gap energy due to difference solvent that used in extraction process, although
the value gap is not much different. This is attributed to the similar polarity levels of
each extraction solvent.

4 Conclusion

Natural dye derived from Syngonium podophyllum leaves extracted with various sol-
vents such as ethanol, acetone and combination of acetone and ethanol have been in-
vestigated in this study. Absorbance analysis of natural dye showed that all extracted
dye has absorbance peaks in range of 450-650 nm. This is corresponding to the chloro-
phyll pigment. The broad absorption peak of Syngonium podophyllum dye was obtained
using combination of ethanol and acetone solutions. The adsorption of natural dye on
the surface of TiO2 has been studied by FTIR analysis. Based on FTIR analysis the
transmittance of TiOz is increasing after immersed in natural dye solution. This indicate
that all extracted natural dye adsorbed on TiO2 surface. The electrical properties of
Syngonium podophyllum dye that was extracted using ethanol, acetone and their com-
bination has confirmed that a LUMO energy is must be positive that conduction band
of TiOz with the value of LUMO energy at range 4,0 and a HUMO energy level that is
more negative than iodide potential. The difference value of gap energy due to differ-
ence solvent that used in extraction process.
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	The dyes components play an important role to improve the performance of DSSC. In recent years, ruthenium-based sensitizers, such as N3, N719, black dye, and others,  have been widely used. These ruthenium dyes offer a significant advantage, namely  high conversion efficiency, due to their broad light absorption spectrum, excellent sta- bility, and superior light-harvesting and injection efficiencies [6]. However, ruthenium contains heavy metals that can cause environmental problems and involves a compli- cated synthesis process, which increases the cost of fabrication [7, 8]. Consequently, many researchers have developed natural dyes from chlorophyll, anthocyanin, carotene and other pigments which can be obtained from the extraction process from leaves, fruits, seeds, seems, flowers and others [9]. Several reasons researches are transitioning  ruthenium-based dye to natural dyes include their ease of synthesis, cost-effectiveness and environmental sustainability [10, 11]. Regrettably, despite being easy to extract and environmentally sustainable, the resulting DSSC struggles to achieve high efficiency due to issues with resistance and incompatibility when integrated with other compo- nents [12]. Therefore, further research is required to explore and to optimize the new  natural dye from the natural resources. 
	In this study, we utilize a novel natural dye derived from pigment extract of Syngo- nium podophyllum leaves. This plant is a tropical climbing species classified under the Araceae family. They are commonly utilized as an ornamental plant due to its low maintenance requirements and abundant availability. Syngonium podophyllum as sen-sitizer has been reported by Halidun, et al. [17]. The efficiency of DSSC produced 0.074% with the purification process of natural dye. Lingga, et al reported that Syngo- nium podophyllum-based natural counter electrodes achieved a DSSC efficiency of  0.308% [18]. Therefore, this study aims to explore of the natural dye derived from Syn- gonium podophyllum as a photosensitizer, examining the impact of various solvents on 
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	This study employed natural dye extracted from Syngonium podophyllum leaves using  the maceration technique. The dye extraction process utilized various solvents, includ- ing acetone, ethanol, and their combination. The procedure comprised three main stages: cleaning, preparation, and extraction. The stage of preparation of natural dye follows of Halidun, et al [17]. 
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	The UV-Vis spectrophotometer was used to determine the absorbance of the dye solu-tion. Fig. 1 showed the absorbance of Syngonium podophyllum as natural dye. The wavenumber of the spectrum absorbance can indicate the pigment content of Syngo- nium podophyllum dye [20]. As shown in Fig.1, the absorbance peaks of dye were con- ducted in range around 400 nm and 650 nm. These absorbance peaks indicate that the  pigment of Chlorophyll is present [21, 22]. 
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	All spectra have the characteristic vibration of Ti-O at range standard 450 – 1000 cm-1 [24]. The present peaks at 3429 cm-1 and 1627.37 cm-1 in all spectra is correspond- ing to the stretching and bending vibration of -OH group, respectively. The peaks of2851 to 2921 cm-1 and 1627.37 in all spectra are represented to stretching of -CH vi-bration alkanes group and stretching vibration of C=C aromatic ring. The peak emergedat frequency of 2340-2366.4 cm-1 corresponding to the stretching vibration of C=C al-kyne group. The present peak at 1383.2 in all spectra is due to nitrate ions derived fromthe nitric acid used for pH adjustment during synthesis of TiO2 [25]. The transmittancevalue of TiO2-natural dye is higher than pure TiO2. It indicates that natural dye wasadsorbed on the surface of TiO2 [26, 15].

	The determination of the HOMO and LUMO energy levels of the dyes was obtained from cyclic voltammetry measurement data. The onset data of the first reduction and oxidation potential peaks indicate the HOMO and LUMO energy levels of natural dyes  based on the approach proposed by Bredas et al [27]. The voltammetry characteristics diagram of Syngonium Podophyllum leaf pigments extracted with ethanol, acetone, and  their combination is presented in Fig. 3. 
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