
Journal of Electrical, Electronics and Informatics, Vol.7 No. 1, July 2023 28 

1Doctoral program of Agricultural Science. Udayana University 
2,4Faculty of Agricultural Technology. Udayana University 

3,5Faculty of Engineering. Udayana University 
Bali -Indonesia 

*p.diana.sari@gmail.com 
 
 
Abstract—Dye-Sensitized Solar Cell (DSSC) is a dye-based organic solar cell as a photon absorber developed by Prof. Gratzel 
(1991). Natural dyes are a solution to replace synthetic dyes which are commonly used for DSSC because they are affordable, 
available in large quantities, environmentally friendly and sustainable. The aims of this study was to analyze the effect of 
immersion time on the disposition of flourine-doped tin oxide – Titanium dioxide (FTO-TiO2) in the natural dye chlorophyll on 
the current, voltage and power produced. Using papaya leaves extract with a direct gap energy of 2.428 Ev, FTO-TiO2 deposition 
was immersed in chlorophyll with 5 levels of immersion time and 3 groupings. Current and voltage measurements were made at 
the output of the DSSC prototype. Using the Solar Power Generation System, the output voltage (Voc) is 341.167 mV, the 
current (Isc) is 64.755 μA and the output power is 1.49 x 10-5 w/cm2 at 60 hours of immersion. 
 
Index Terms—Immersion, chlorophyll, power, DSSC 

I. INTRODUCTION1 

One alternative energy that converts solar energy into 
electrical energy is solar cells [1]. Solar cells are made of 
semiconductor materials such as silicon, titanium oxide, 
germanium and so on [2]. Since silicon solar cells, the first 
breakthrough in solar cell technology is the Dye sensitized 
solar cell (DSSC). According to [3], DSSC is a 
photoelectrochemical solar cell using an electrolyte as a 
charge transport medium, in contrast to conventional solar 
cells. DSSC is devided into several parts that are deposited 
between the two conductive glasses, including the 
elctrolyte, titanium dioxide (TiO2) nanopores, dye 
molecules adsorbed on the TiO2 surface and the catalysts. 

According to [4], DSSC consists of a pair of glass 
substrates coated with Transparent Conducting Oxide 
(TCO) material which act as electrodes and counter 
electrodes that face each other and are separated by an I-/I3- 

 
 

(iodide / triiodide) redox electrolyte arranged in a sandwich 
structure, as shown in figure 1. The TCO counter electrode 
is coated with a catalyst in the form of a layer of carbon or 
platinum to accelerate the redox reaction. Based on [5], on 
the electrodes a layer of porous TiO2 nanocrystals was 
deposited as a photoanode, and dye sensitized as 
photosensitizers. The electron transfer reaction is the basic 
working principle of DSSC which can be described through 
the electron transfer cycle of DSSC components, so that it 
can produce electrical energy [6]. 

At the beginning of its development, Michael Gratzel 
produced DSSC with an energy conversion efficiency of 
7.9% using ruthenium complex synthetic dye type N3. 
Synthetic dyes such as ruthenium complexes are relatively 
expensive and the fabrication process is difficult, because of 
this, exploration of natural dyes is intensively carried out to 
find alternatives to natural chromophore compounds that 
have the same or even better performance than complex 
ruthenium dyes. Chlorophyll, carotene, xanthophyll and 
anthocyanins are examples of natural dyes which are the 
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center of study because of their ability to absorb light in the 
process of photosynthesis. The main property of a sensitizer 
is its absorption value, that is, its ability to absorb light. 
According to [7], some of the properties of the dye 
molecule as a sensitizer include panchromaticity, having a 
functional group that allows it to bind to the wide-gap 
material conduction band (TiO2), having an excitation 
energy level corresponding to the material's conduction 
band, having a redox potential energy level base and 
corresponding excited energy levels, has a large (positive) 
redox potential, has chemical and physical stability, 
especially stability to heat. 

The advantages of using natural dyes in DSSC are the 
absence of side effects on health, non-toxic, and easy to 
obtain from nature. While the drawbacks are low pigment 
concentration and stability, poor color uniformity, the color 
spectrum is not as wide as synthetic dyes and less durable. 
So far, natural dyes that are often used as sensitizers are 
anthocyanin substances which are pigments that cause 
almost all red-blue colors in flowers, leaves and fruit in 
higher plants [8]. Natural dyes in flowers, leaves and fruit 
can be extracted by simple procedures, low costs, non-
toxicity and complete biodegradation, natural dyes have 
become popular research subjects [9]. However, this does 
not rule out the possibility of using chlorophyll as a dye 
senstizer due to its abundant presence in nature. 

In photosynthesis, chlorophyll plays a role in absorbing 
and converting light energy into chemical energy. 
Chlorophyll is abundant in green plants, photosynthetic 
bacteria and algae. The light absordbed by chlorophyll is in 
the form of electromagnetic radiation on the visible 
spectrum. Sunlight contains all the colors of the visible 
spectrum from red to violet, but chlorophyll is not able to 
absorb well all the wavelengths of its elements evenly [10]. 
According to [11], papaya plants have the highest total 
chlorophyll, chlorophyll a and chlorophyll b content 
compared to cassave and peanut plants. This prompted 
researchers to utilize papaya leaf chlorophyll as a dye 
sensitizer in the DSSC being studied. Chlorophyll-a and b 
are the strongest in absorbing light in the red section (600-
700 nm), while the least in green light (500-600 nm). 
Chlorophyll a is a complex compound between porphyrin 
and magnesium (Mg) which contains ring V 
(cyclopentanone ring). The four N atoms are linked by 
Mg2+ ionic bonds. Chlorophyll a has the chemical formula 
C55H72O5N4Mg. While chlorophyll b is bound to proteins 
in cells. Chlorophyll b has the chemical formula 
C55H70O6N4Mg. 

Chlorophyll dyes have several factors that affect 
stability such as pH, solvent influence, light intensity, 
enzymes, oxidizers, and temperature used [12]. The main 

chemical degradation that occurs in chlorophyll is 
pheophynitization, epimerization, and pyrolysis, as well as 
by hydroxylation, oxidation or photooxidation, if there is 
the influence of light [13]. The results of the research by 
[14,15] stated that the addition of the color stabilizer 
sodium bicarbonate (NaHCO3) can prevent chlorophyll 
degradation. NaHCO3 solution is an alkaline salt. Alkaline 
substances such as NaHCO3 have been used in the 
blanching process in green vegetables to increase the pH 
and maintain chlorophyll after processing [13 ; 16]. 

In the middle of the chlorophyll molecule there is a 
magnesium (Mg) atom as described by Ludin et al. [17] that 
in chlorophyll which has the ability to inject electrons into 
the semiconductor conduction band and is an atom that can 
bind to the surface of TiO2 thereby increasing the rate of 
the electron transfer reaction is Mg, so that chlorophyll is 
suitable when used as a dye sensitizer in DSSC. According 
to [1], that the immersion time of flourine-doped tin oxide – 
Titanium dioxide (FTO-TiO2) disposition in the dye 
sensitizer affects the voltage and current strength obtained. 
The longer the immersion time, the higher the voltage and 
current generated. So in this study, the researchers aimed to 
determine the immersion time of FTO-TiO2 disposition in 
papaya leaves chlorophyll which would produce a better 
output power. 

 

 
Fig. 1. Dye sensitized solar cell (DSSC) scheme 

II. MATERIALS AND METHODS  

A. Dye sensitized solar cell production 
Chlorophyll extract production 

In papaya leaves extract production, the Carolina papaya 
leaves are first processed into papaya leaves powder. The 
preparation of papaya leaves powder includes washing, 
blanching at 100 oC for 1 minute, reducing the size by 5 cm 
± 0.5 cm, drying at 50 oC until the water content of the 
material is 8% ± 0.5%, as well as crushing and sifting to 
size 80 mesh (177 microns). 
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Chlorophyll was extracted from papaya leaves powder 
using maceration extraction method at room temperature. 
Pure analyze 96% acetone from the Merck brand was used 
as a solvent with a raw material ratio (papaya leaves 
powder): solvent 1:10 (w/v) referring to research conducted 
by [18]. Referring to [15], in the process of extracting 
chlorophyll from papaya leaves, 3% of the Merck brand 
pure analyze stabilizer NaHCO3 was added before 
extraction. Papaya leaves chlorophyll extraction was carried 
out for 48 hours. The extraction results were then filtered 
using coarse filter paper and followed by filtering using 
whatman filter paper size no.1 to obtain papaya leaves 
chlorophyll extract. The chlorophyll extract was evaporated 
in a rotary vacuum evaporator at a pressure of 0.18 atm and 
a temperature of 50 oC [15]. 
Electrolyte production 

Compounds in the manufacture of this electrolyte 
solution are 3 grams of Merck pure potassium iodide (KI) 
analyzer and 3 ml of liquid iodine 10% solution pure 
analyzer Merck brand. Liquid potassium iodide and iodine 
are mixed using a stirrer for 30 minutes. 
Immersion of the FTO layer in dye 

Solaronix fluorine-doped tin oxide (FTO) glass that has 
been coated with TiO2 is immersed in chlorophyll dye for a 
certain soaking time (12 hours, 24 hours, 36 hours, 48 hours 
and 60 hours). 
Dye sensitized solar cell prototype assembly 

The arrangement of the DSSC layers is in the form of 
glass as a substrate which has been coated with TiO2 which 
has been soaked in dye and is called the working electrode 
(anode) arranged in a sandwich with a reference electrode 
(cathode). The reference electrode is a fluorine-doped tin 
oxide (FTO) glass that has been coated with Platinum 
carbon paste from Solaronix. The DSSC layer that has been 
arranged in a sandwich manner is dripped with electrolyte 
solution. 

The observed variables include the value of the energy 
gap from papaya leaf chlorophyll extract, the value of 
current, voltage and output power produced. 

B. Characterization and measurement 
 Observation of the visible light absorption spectrum of 
chlorophyll was carried out using a UVVis 
Spectrophotometer (UV-1800 Shimadzu). The chlorophyll 
gap energy calculated using the Tauc Plot equation, namely: 

 (1) 
 According to Suprasetyo and Setiarso [19], respectively 
α, h, Ev and A are the absorption coefficient, planck's 
constant, energy gap and constant, while the exponent n 
depends on the nature of the transition. The amount of 
energy required for an electron to get excited from the 

HOMO state to the LUMO state is indicated by the energy 
gap. 
 The current and voltage characterization of the DSSC 
layer was carried out using a voltmeter (V) and ammeter 
(A). The light is directed perpendicular to the surface of the 
cell. The test was carried out using halogen light. The 
correct setting for measuring I-V on a solar cell is based on 
a 4-wire junction, known as the Kelvin configuration [20]. 
Testing the current and voltage using the Woosun brand 
Solar Power Generation System type WS-SCO3P. 

III. RESULTS AND DISCUSSIONS 

A. Energy gap 
The results of the indirect chlorophyll energy gap 

analysis using the Tauc plot analysis are shown in figure 1 
and an energy gap of 2.442 eV is obtained, while the direct 
chlorophyll energy gap is 2.428 Ev as shown in Fig. 2. 
Based on [15] and [21] research, the energy gap of the 
anatase phase TiO2 semiconductor is 3.2 eV, because the 
chlorophylls energy gap in this study is smaller than the 
energy gap of the anatase phase TiO2 semiconductor, it 
means that chlorophyll can be used as a dye sensitizer. 

This shows that papaya leaves chlorophyll can be used 
as a DSSC dye sensitizer. Electrons in chlorophyll will be 
excited from the HOMO state to the LUMO state when 
absorbing photon energy from visible light, electrons then 
move from the TiO2 semiconductor to the conduction band 
and diffuse to the ITO (Indium Tin Oxide) substrate [22]. 

B. The output power of the DSSC prototype based on 
papaya leaf chlorophyll 

From the research results, the current and voltage are 
measured using the Solar Power Generation System, the 
results are obtained in accordance with Table 1.  

Based on the data presented in table 1, it shows that the 
longer the process of immersing the FTO disposition in 
chlorophyll dye, the higher the output power produced from 
the DSSC prototype. In this study, the best results were 
obtained with an output power of 4.15 x 10-5 w/cm2 in the 
60 hour treatment of FTO disposition immersion in papaya 
leaves chlorophyll. In line with [1], that immersion time 
affects the voltage and current strength obtained by DSSC. 
The longer the immersion, the higher the voltage and 
current generated. With a maximum voltage value (Vmpp) 
of 0.3402 V and a fill factor of 0.6761, this study produced 
better results than the research [23], which used dragon fruit 
peel anthocyanin as a dye sensitizer to produce Vmpp of 
0.31 V and the highest fill factor of 0.480. This research 
also produced an effective output voltage of 0.1736 V. The 
longer the immersion of the FTO-TiO2 disposition in 
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chlorophyll, the higher the current and voltage generated. 
This is due to the longer immersion time causing the greater 
number of chlorophyll molecules to be adsorbed on the 
surface of the TiO2 thin film so that the absorption of 

photons is also greater. The more photons absorbed, the 
greater the number of excited dye molecules and the greater 
the number of electrons injected into the TiO2 thin layer. 
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Fig. 2. Indirect energy gap of papaya leaves chlorophyll 

 

 
Fig. 3. Direct Energy gap of papaya leaves chlorophyll 

 

Table 1 
The output power of the DSSC prototype 

Immersion 
time Isc Impp Voc Vmpp Jsc FF Pmax 

Hours A A V V A/cm2  W/cm2 

12 jam 3.245 x 10-5 2.2 x 10-5 0.172 0.171 9.01 x 10-5 0.671 1.04 x 10-5 

24 jam 3.303 x 10-5 2.24 x 10-5 0.175 0.174 9.17 x 10-5 0.672 1.08 x 10-5 

36 jam 5.731 x 10-5 3.89 x 10-5 0.303 0.301 1.59 x 10-4 0.675 3.25 x 10-5 

48 jam 6.092 x 10-5 4.13 x 10-5 0.321 0.32 1.69 x 10-4 0.676 3.67 x 10-5 

60 jam 6.475 x 10-5 4.39 x 10-5 0.341 0.34 1.80 x 10-4 0.676 4.15 x 10-5 
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I. CONCLUSION 
 The output power of the DSSC prototype by utilizing 
papaya leaves chlorophyll as a dye sensitizer was tested by 
immersion time of FTO disposition in chlorophyll dye. The 
highest output power was obtained at 4.15 x 10-5 w/cm2 in 
chlorophyll dye with a direct gap energy of 2.428 Ev for 60 
hours of immersion. 
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