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 
Abstract—In this paper, extract of papaya leaves are used as a 

natural dye and combined by variations of solvent concentration 
applied on DSSC (Dye-Sensitized Solar Cell). Indonesian geographic 
located on the equator line occasions the magnitude of the potential 
to develop organic solar cells made from extracts of chlorophyll as a 
substitute for inorganic materials or synthetic dye on DSSC material. 
Dye serves as absorbing photons which are then converted into 
electrical energy. A conductive coated glass layer called TCO 
(Transparent Conductive Oxide) is used as a substrate of electrode. 
TiO2 nanoparticles as binding dye molecules, redox couple iodide/ 
tri-iodide as the electrolyte and carbon as the counter electrode in the 
DSSC are used. TiO2 nanoparticles, organic dyes, electrolytes, and 
counter electrode are arranged and combined with the layered 
structure of the photo-catalyst absorption layer. Dye absorption 
measurements using a spectrophotometer at 400-800 nm light 
spectrum produces a total amount of chlorophyll 80.076 mg/l. The 
test cell at 7 watt LED light with 5000 lux luminescence was 
obtained Voc and Isc of 235.5 mV and 14 μA, respectively. 
 

Keywords—DSSC (Dye-Sensitized Solar Cell), natural dye, 
chlorophyll, absorption.  

I. INTRODUCTION 

OLAR energy is one of the alternative energy that can be 
used by humans today. Unlike fossil energy that is 

expected to be exhausted in 40 years for oil, 60 years for 
natural gas, and 200 years for coal [1]. Indonesia 
geographically located on the equator line leads this country 
can receive the sunlight more than other countries, 
approximate 4.8 kW/m2/day [2]. Based on this phenomenon, 
solar energy in Indonesia is the most potential energy to be 
used as a source of renewable alternative energy. One of the 
technologies that harvests sunlight and converts to electrical 
energy is solar cells. 

DSSC (Dye-Sensitized Solar Cell) have been developed by 
Grätzel as alternative energy resource through the discovery of 
a new solar cell material with a mimic photosynthesis called 
photo-electrochemical reaction [4]. Photosynthesis process 
that converts light into chemical energy is the basic of the 
chemical approach to the process of changing light into 
electrical energy in the DSSC. Development has been offering 
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cost-efficiency of production, flexible substrates, and low-cost 
materials. 

Dye commonly used is Ruthenium (Ru) complex as this 
type of synthetic dye was almost close to pure resulting in an 
efficiency of 11% [5]. Due to the dye Ruthenium is high cost 
to obtain, so in this paper used chlorophyll dye substances 
obtained from papaya leaves. The dye role on DSSC acts as 
the photon absorption and then a process of excitation of 
electrons in the dye molecules to produce electrical energy [6]. 
The dye ability absorbs the photon is very important thing due 
to there is need for characterization. The characterization 
needed to determine ability of dye absorbs photons and will 
further affect the output power generated combined by TiO2 
layer [7]-[9]. Photon absorption level by chlorophyll 
dependent on the concentration of chlorophyll which is 
influenced by the amount of leaves used the solvent 
concentration and the duration of chlorophyll release process 
at stirring time. This paper investigates the effect of variations 
of this combination to obtain characteristic of the DSSC 
performances. 

II. METHOD 

A. Structure Design 

DSSC structure was designed by combining two layers of 
glass with different TCO opposite layer. The first glass 
(photo-electrode) is composed of layers of TiO2 paste which 
has been soaked with a solution of chlorophyll and given 
electrolyte solution; while the other glass consists of layers of 
carbon as the counter electrode (counter-electrode). DSSC 
physical structure is shown in Figs. 1 and 2. 

B. Material 

A glass substrate was used in this research was conductive 
(Indium Tin Dioxide coated) transparent glass (Aldrich corp., 
TCO-ITO) cut with area of 2x2 cm with surface resistivity of 
15-25Ω/sq. TCO (Transparent Conductive Oxide) is a 
transparent conductive glass that function as the body of the 
solar cell and it conductive layer. This solar cell body serves 
as a charge flows. Nano powder TiO2 (Aldrich corp., titanium 
dioxide) 21 nm particles size were used as photoactive layer 
material. Nano-porous TiO2 has a band gap energy of 3.2 eV 
is needed as transparent semiconductor in most solar light 
spectrum. In addition, the TiO2 structure that the pore size in 
the nano-scale will increase the system performance due to 
nano-porous structure has the characteristics of high surface 
area so it will increase the amount of dye that absorb.  
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I. Preparation of Counter-Electrode Carbon 

Making counter-electrode is done by heating the conductive 
side of the TCO glass candle flame for about 30 seconds until 
the average carbon to cover the TCO conductive glass. Carbon 
TCO glass attached to the specified dimensions according to 
the dimensions of TCO coated glass TiO2 paste is 2x2 cm2. 

J. Provision of Electrolytes 

Giving electrolyte by means of using a pipette dropped by 4 
drops or as much as 0.25 ml. Electrolyte solution is used as the 
electron transport of carbon to the dye. 

K. Assembling DSSC 

After each component DSSC successfully created dah 
ready, then do the assembly process to form a solar cell. 
Assembly is done by gluing glass photo-electrode TCO and 
TCO glass counter-electrode sandwich structure and then 
clamped with a clip so that attachment is denser and does not 
shift. The results of the DSSC have shown in Fig. 4. 

L. DSSC Investigating 

The experimental setup of DSSC electrical characteristic 
was used to obtain the open circuit voltage and short circuit 
current. The light measured by lux meter trough the DSSC can 
be varied, then the output voltage and current varied too. The 
second method, the value of the load resistance is varied to get 
electricity performance of DSSC. Some parameters were 
observed are open circuit voltage (Voc) and short circuit 
current (Isc), maximum output voltage (Vmax), and maximum 
output current (Imax) to obtain the fill factor (FF) and 
efficiency (η). The FF is defined by the ratio of the maximum 
power output of DSSC device is its theoretical power output if 
both current and voltage were at their maxima, Isc and Voc, 
respectively [12]. 

III. RESULT AND DISCUSSION 

Absorbance chlorophyll dye solution of papaya leaves have 
been investigated and measured. Chlorophyll measurement 
using spectrophotometer by variation of the ratio papaya 
leaves with solvent, solvent concentration and time stirring 
were shown in Figs. 5-7. Data analysis of the absorbance to 
the wavelengths was used to calculate the number of 
chlorophyll a, chlorophyll b and total chlorophyll inside dye 
solution. The result of a, b, and total chlorophyll at ratio of 1:5 
are 20.328 mg/l, 54.592 mg/l and 74.804 mg/l, respectively. 
The calculation analyses of the ratio of leaves mass and 
solvent volume is shown in Table I.  

 
TABLE I 

CHLOROPHYLL NUMBER BY VARIATION OF RATIO OF LEAVES MASS AND 

SOLVENT VOLUME 

Sample 
ratio 

Chlorophyll a 
(mg/l) 

Chlorophyll b 
(mg/l) 

Total Chlorophyll 
(mg/l) 

1:5 20.328 54.592 74.804 

2:5 20.446 55.556 75.895 

3:5 22.690 57.509 80.076 

 

 

Fig. 5 Absorbance of chlorophyll dye solution by the variation of 
ratio between leaves mass (m) and solvent volume (v) 

 

 

Fig. 6 Absorbance of chlorophyll dye solution by the variation of 
ethanol solvent concentration 

 

 

Fig. 7 Absorbance of chlorophyll dye solution by the variation of 
stirring time 

 
TABLE II 

ELECTRICAL CHARACTERISTIC OF DSSC BY VARIATION OF RATIO OF LEAVES 

MASS AND SOLVENT VOLUME 

Sample 
(ratio) 

Total Chlorophyll 
(mg/l) 

Voc 
(mV) 

Isc 
(μA) 

Pmax 
(watt) 

1:5 74.804 160.7 2.8 112.64x10-9 

2:5 75.895 203 4 203x10-9 

3:5 80.076 235.5 14 824.64x10-9 
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