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Abstract: This study aims to obtain a dye sensitized solar cell (DSSC) prototype and a voltaic cell
prototype using the kedondong plant (Spondias dulcis Forst). Kedondong leaves as a source of
chlorophyll were deliberately chosen to be in line with the use of kedondong fruit as a material for
electrochemical cells, so that two research results could be obtained from the kedondong plant. This
research is for the application of scientific development, increasing the added value of kedondong
plant, and as support for the use of environmentally friendly energy. Research methods in general
are chlorophyll extraction, citric acid isolation, chlorophyll testing, DSSC assembly, electrochemical
cell assembly, and performance testing for both DSSC and electrochemical cells. The analysis results
show that typical peaks appear for the functional groups in chlorophyll at certain wave numbers.
Hydroxyl (-OH) groups appear in the range of 3650 - 3200 cm-1, the C=C group at 1700 - 1500 cm-1, the
C-N group at 1350 - 1000 cm-1, and the C-O group at 1300 - 1000 cm-1. Quantitative testing used a UVVis spectrophotometer at 645 nm and 633 nm, the results obtained were chlorophyll a was 4.52
mg/L, chlorophyll b was 8.43 mg/L, and total chlorophyll was 12.95 mg/L. The DSSC prototype
performance test with a size of only 2.5 cm2, can produce a minimum voltage of 30.1 mV and a
maximum of 280 mV. The electrochemical test of kedondong citric acid extract showed that the
value of the electric voltage ranged from 121 to 630 mV.
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1. Introduction

The human

need for energy that is environmentally friendly and efficient has
spurred the development of research based on renewable energy and natural
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energy. The energies that plenty available in tropical countries are solar, solar energy,
and energy derived from electrochemical reactions. Solar energy can be converted
into electrical energy using solar cells, while chemical energy can be converted into
electricity through a series of electrochemical cells or voltaic cells. Solar cells are
commonly found in silicon-based, but in the last two decades dye sensitized solar
cells (DSSC) have been discovered which can replace silicon solar cells as an energy
converter). The DSSC solar cell is photoelectrochemical sensitive to dyes by
transferring an electric charge. The advantages of DSSC include cheap production,
variety of materials used, environmentally friendly, and high efficiency (Cari &
Boisandi, 2013). The environmentally friendly and economical nature of the DSSC is
due to the type of solar cell that can be made by utilizing natural dyes or pigments
from plants that are available in nature such as chlorophyll and anthocyanins. This
property also applies to electrochemical cells that use electrolytes from natural
compounds contained in plants.
Dye sensitized solar cell (DSSC) is a solar cell that utilizes color pigments (dye).
The standard DSSC suite mimics the photosynthetic process with four main
components: dye as a sensitizer, metal oxide-based semiconductor as a photoanode,
redox electrolyte (usually iodide/triiodide), and counter electrode. The counter
electrode (CE) is an important part of the DSSC, because it accepts electrons from
external loads and catalyzes the I3- to I- reduction in electrolytes (Prasad et al. 2018).
The kedondong plant (Spondias dulcis Forst) is rich in various classes of secondary
metabolites, including acid compounds, phenolics, sterols, triterpenes, saponins,
essential oils, amino acids, and polysaccharides (Gurning et al. 2021; Simorangkir et al.
2021; Juwitaningsih et al. 2021). Members of the genus Spondias are widely used in
traditional medicine for the treatment of various diseases, including abdominal pain,
diarrhea, diabetes, dementia, anemia, dysentery, and various infections (Sameh et al.
2018).
The main focus of this research is the use of chlorophyll extracted from
kedondong leaves, because chlorophyll is an important pigment stored in leaves for
the transformation of solar radiation energy into chemical energy (Ma et al. 2018;
Amin et al. 2019). Increasing the efficiency of DSSC can be done by changing anode
photo using titanium dioxide (TiO2) (Shu et al. 2013). There are several types of
chlorophyll compounds. Chlorophyll a, which is greenish yellow in solution, is the
main photosynthetic pigment in green plants for the transfer of light energy to
chemical acceptors. Absorbed light provides energy for photosynthesis. Green leaves
absorb blue light (mostly at 430 nm) and red light (mostly at 660 nm). This reflects
the green wavelength, and appears green to the human eye (Inanc, 2011).
The second focus is the use of citric acid isolates from kedondong fruit as a source
of electrolytes for electrochemical cells. Citric acid is a weak organic acid with the
chemical formula C6H8O7. Citric acid has the IUPAC name, 2-hydroxy-1,2,3propanatrikarboxylic acid (Ciriminna et al. 2017). This compound is a good and natural
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preservative, apart from being used as a sour taste enhancer in foods and soft drinks.
In biochemistry, citric acid is known as an intermediate in the citric acid cycle that
occurs in the mitochondria, which is important in the metabolism of living things. This
substance can also be used as an environmentally friendly cleaning agent and as an
antioxidant.
This study aims to obtain a dye sensitized solar cell (DSSC) prototype and a voltaic
cell prototype using the kedondong plant (Spondias dulcis Forst) as a source of
supporting material. The purpose of this research is for the application of scientific
development, increasing the added value of high economic value from the
kedondong plant, and as support for the use of environmentally friendly energy.

2. Methods
2.1 Chlorophyll Extraction
Extraction using the maceration method. The leaves of kedondong are cleaned,
drained, cut into small pieces, and weighed as much as 100 g, then mashed using a
blender. The finer the kedondong leaves, the better the extraction results. The
smooth kedondong leaves are then mixed with 500 mL acetone in a beaker and
stirred using a magnetic stirrer for 30 minutes. After the chlorophyll is extracted from
the leaves marked with the solution turning green and the leaf color turning white,
then filtering is carried out using filter paper so that a chlorophyll solution is
obtained. Chlorophyll extract is stored in a dark bottle and tightly closed, because
chlorophyll is an unstable compound.
2.2 Isolation of Citric Acid
The skin of the kedondong fruit is peeled, the flesh is cut into pieces, then crushed
using a blender. The results of the crushing are squeezed to take the liquid part. The
acidity level (pH) of the fruit liquid is measured, and neutralization is carried out using
10% NaOH solution to obtain a pH value of 9. The solution is then filtered to take the
filtrate. The filtrate obtained was added with 28.5 g of CaCl 2 which was dissolved in
70 mL of distilled water, then heated on a hot plate while stirring continuously until a
precipitate of tricalcium citrate was formed. The solution is then filtered to obtain a
precipitate of tricalcium citrate. The precipitate was rinsed repeatedly using hot
water. The precipitate was separated into a beaker and 20.9 mL of concentrated
sulfuric acid which had been dissolved in 200 mL of distilled water were added while
stirring. The solution is then filtered to take the filtrate. The filtrate is heated on a hot
plate while stirring using a magnetic stirrer. The heating was stopped until the
remaining solution was about 70 mL. The solution is then filtered to take the filtrate.
The final solution is a solution of citric acid isolate which is ready to be used as an
electrochemical cell electrolyte and is ready to be tested for its performance. If the
solution is allowed to stand for several days, it forms crystals of citric acid.
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2.3 Qualitative Test for Chlorophyll
Typical functional groups of chlorophyll were tested using the Perkin Elmer
Fourier transform infrared (FTIR) spectrophotometer, type spectrum two. The typical
peaks that appear at a certain wave number indicate the vibrations of the chemical
bonds of that particular group.
2.4 Quantitative Test for Chlorophyll
Chlorophyll content from the extract of kedondong leaves was tested using a UVVis spectrophotometer instrument. The chlorophyll extract obtained from the
extraction process was then centrifuged at 1000 rpm for 10 minutes, then the
supernatant substance was taken. The centrifuged extract was then taken 1 mL to be
diluted into a 10 mL measuring flask. The chlorophyll concentration was obtained
from the absorbance measurement of the extract at a wavelength of 663 nm and 645
nm with a UV-Vis spectrophotometer (Aryanti et al. 2016). The chlorophyll
concentration was calculated using the Arnon method.
2.5 Preparation of Conductive Transparent Glass
The conductive transparent glass used is a type of indium-tin-oxide (ITO) with a
size of 2.5 cm x 2.5 cm. Making one DSSC prototype requires two transparent
conductive glasses. The two transparent conductive glasses are used for counter
electrodes, one for TiO2 paste, dye solution, and electrolyte. Cutting of conductive
transparent glass is carried out using a glass cutter.
2.6 Preparation of TiO2 Paste
TiO2 powder is added slowly until a paste of the desired viscosity is obtained.
Setting the concentrated nitric acid solution by adjusting 7.5 mL of concentrated
nitric acid and adding 0.5 g of TiO2 powder aims to obtain the optimal paste.
2.7 Electrolyte Preparation
Total of 0.8 g of 0.5 M KI was mixed and stirred evenly into 10 mL of PEG 400
solution. Then 0.127 g of I2 was added to the solution until the three ingredients
dissolved completely. The electrolyte solution is stored first in a closed vial.
2.8 Counter Electrode Preparation
Carbon counter electrode is made by burning the substrate to be used as a
counter electrode using a candle flame. Carbon will automatically form in the area of
the substrate.
2.9 DSSC Assembly
Assembly is carried out after all the material components have been made. First
the ITO substrate is cut to a size of 2.5 x 2.5 cm2. Scotch tape is used to limit and
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shape the area where TiO2 paste with a size of 2 x 2 cm2 using the doctor blade
method, TiO2 paste is flattened using a stirring rod. The ITO-TiO2 substrate was
heated in a furnace at a temperature of 450 oC for 30 minutes. The deposited ITO-TiO2
substrate was then immersed for 1 day in chlorophyll solution. After blending, drop
the electrolyte solution evenly. The final step, attach the active electrode substrate
to the counter electrode using a binder clip with each end of the substrate given an
offset of 0.5 cm.

Fig 1. General flow chart of research

2.10 DSSC Performance Test
After the DSSC prototype has been made, then the DSSC performance test is
carried out through direct lighting in the sun. Measurement by conducting an open
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circuit voltage will be obtained, the open circuit voltage (Voc) is obtained, by applying
a load using a multimeter to form a voltage curve. The results of the DSSC were
recorded, and measurements were made at intervals a few days later without being
exposed to sunlight, and further measurements were taken after being given the
effect of solar irradiation. The DSSC performance test was carried out within a period
of 3 months to find out how much reduction the DSSC's capacity to store energy.
2.11 Electrochemical Cell Assembly and Performance Testing
The manufacture of an electrochemical cell begins by placing an electrolyte
solution into a beaker. The beaker is incorporated copper metal and zinc metal as
electrodes. Copper functions as a cathode and zinc serves as anode. Electric voltage
is measured using a multimeter connected to copper and zinc metals. The flow chart
or general steps of this research was presented in Fig 1.

3. Results and Discussion
3.1 Qualitative Test of Chlorophyll Extract from Kedondong Leaf
Qualitative testing of functional groups on extracted chlorophyll compounds was
carried out using the Fourier transform infra red (FTIR) instrument. This test aims to
convince that the kedondong leaves to be used for DSSC applications contain
chlorophyll compounds in them.
The wave numbers around 1730 and 1700 cm-1 correspond to the keto C=O peak in
chlorophyll. A peak of about 1616 cm-1 corresponds to the C=C group in the
chlorophyll and its derivatives. The C-N group was identified at 1466 cm-1 and the C-H
group at 1444 cm-1. The wave number around 1280 cm-1 was identified as the C-O
strain vibration for the ester group (Li et al. 2018). The FTIR spectrogram of
chlorophyll is presented in Fig 2 in an orange (orange) spectrogram.

Fig 2. FTIR test results of chlorophyll extract
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The appearance of these typical peaks is because the functional group is present
in the structure of the chlorophyll compound. The chemical bonds or functional
groups emit vibrational energy that is read by the detector, both by absorbance and
transmittance when given an energy source from infrared rays on the FTIR
instrument.
3.2 Quantitative Test of Chlorophyll Extract from Kedondong Leaf
Quantitative testing was carried out using a UV-Vis spectrophotometer
instrument at 645 nm and 633 nm wavelengths. Based on the results of the analysis
of the chlorophyll extract of kedondong leaves using the UV-Vis instrument at a
wavelength of 645 nm, the absorbance results were 0.461 and at a wavelength of
663 nm the absorbance results were 0.454. The results of absorbance measurements
of the chlorophyll extract of kedondong leaves using a UV-Vis spectrophotometer are
presented in Fig 3.
The absorbance results obtained were calculated by calculating the chlorophyll
concentration using the Arnon method. Based on the results of calculating the
chlorophyll concentration of kedondong leaves, it was found that the chlorophyll a
content was 4.52 mg/L, the chlorophyll b content was 8.43 mg/L, and the total
chlorophyll content was 12.95 mg/L.
The results of this chlorophyll content are very important because chlorophyll
compounds contain electrons which can be excited when they absorb light (Nurdin,
1997). Chlorophyll compounds play a very important role in the DSSC because it is
provide electrons. Without the availability of enough electrons, there will be no
voltage and no electric current. Apart from chlorophyll, natural dyes that can be used
as a provider of electrons in DSSC are anthocyanins.

Fig 3. Measurement of the absorbance of chlorophyll extract of kedondong leaves

3.3 DSSC Prototype Performance Test
The DSSC prototype has been successfully assembled according to the later
stages of the procedure and performed a performance test. The number of
prototypes that have been made in this study is 3 units. Fig 4 shows the form of the
DSSC prototype that was successfully made.
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In this study, the DSSC performance test was carried out after obtaining the DSSC
prototype and the initial measurements were made on the DSSC prototype using a
multimeter without prior direct sunlight treatment. Furthermore, given direct sun
irradiation for 1 hour and direct sunlight for 4 hours. The test was carried out 7 days
later without being given solar radiation treatment. This situation is deliberately left
alone so that the value of the output voltage (Vout) continues to fall until it reaches
the lowest value. After reaching the lowest value, re-measurement was carried out
with the same prototype by being given treatment in two conditions, namely before
direct solar irradiation and after direct solar irradiation for 1 hour and direct sunlight
for 4 hours. In general, based on the research data obtained, it is proven that
chlorophyll is an important pigment stored in leaves for the transformation of solar
radiation energy into chemical energy (Ma et al. 2018). Fig 5 shows the measurement
results of the DSSC prototype performance test for 3 months.

Fig 4. DSSC prototype and the testing

The results of the performance test showed that the DSSC prototype of
kedondong leaf, with only 2.5 cm2 in size, was able to produce a maximum voltage of
280 mV on March 5, 2020. This is due to the ability of DSSC to store energy so that it
generates a lot of electrons which causes the voltage value to increase the ability of
DSSC chlorophyll from kedondong leaves as an energy converter. On May 7, 2020, it
was found that the voltage reached a minimum value of 21.1 mV. This is due to
decreased energy storage capacity in the DSSC of kedondong leaves.
The initial measurement of the DSSC prototype on March 5, 2020, obtained a
voltage of 280 mV. Then given direct sunlight treatment for 1 hour, the result was the
voltage decreased by 44% to 156.5 mV this was due to cloudy weather conditions.
Then given direct solar irradiation for 4 hours, the result was the voltage increased by
15% to 180.5 mV. These results prove the important role of the sun as a source of
energy for living things, as well as prove the ability of the DSSC chlorophyll leaves of
kedondong as an energy converter. Furthermore, the test was carried out 7 days
later on March 12, 2020 without previously being given solar radiation treatment, the
voltage value decreased by 1% to 277 mV. This situation is deliberately left alone so
that the voltage value continues to fall until it reaches the lowest value. After
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reaching the lowest value, repeated measurements were carried out with the same
prototype (kedondong leaf) by being given direct sunlight for 1 hour, the result was
that the voltage dropped by 57% to 118.8 mV this was due to cloudy weather
conditions. Then given direct sunlight irradiation for 4 hours, the result was the
voltage increased by 54% to 182.7 mV.

Fig 5. The measurement results of DSSC prototype performance test for 3 months

The chart in Figure 5 shows that the value of the DSSC output voltage for the
chlorophyll extract of kedondong leaves will slightly decrease during use. The
measurement results in March 2020 showed that the DSSC output voltage value
decreased by 38% to 173.6 mV from the initial measurement of 280 mV. Meanwhile, in
April 2020 and May 2020, the DSSC output voltage value decreased by 17% and 47%.
This means that the energy storage in the dye decreases over time.
3.4 Qualitative Test and Electrochemical Test of Citric Acid from Extraction
Citric acid extract testing was carried out using the Fourier transform infra red
(FTIR) instrument. The test was carried out at a wave number of 550-800 cm-1
because very few functional groups were detected through the test. Based on the
similarity, the extract obtained has a spectrum pattern that resembles the spectrum
of citric acid with a concentration of 20% and a C-H group is detected at a wave
number of 650-700 cm-1 (Field et al. 2008). The test result spectrogram was
presented in Fig 6 and electrochemical test of citric acid extract was presented in Fig
7.
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Fig 6. Test results of citric acid extract using FTIR

Fig 7. Electrochemical test of citric acid extract

The electrochemical test of kedondong citric acid extract showed that the value
of the electric voltage ranged from 121 to 630 mV. This value is still relatively low and
not sufficient to be used as a main source of electricity, for example to replace a
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battery. Citric acid does not generate electricity by itself. Acids are a source of
electrolytes because they easily ionise into cations and anions in the solvent, which
causes the solution to become an electrolyte solution. The electrolyte then generates
electricity through the electron transfer mechanism at the electrodes (anode and
cathode) (Sultana et al. 2018; Shittu et al. 2018).

4. Conclusion
This research proves that leaf and fruit extracts of kedondong (Spondias dulcis
Forst) can used as a supporting material for energy conversion in dye sensitized solar
cells (DSSC) and electrochemical cells. The results of the DSSC prototype
performance test with a size of only 2.5 cm2, able to produce a minimum voltage of
30.1 mV and a maximum of 280 mV. The electrochemical test of kedondong citric acid
extract shows that the value of the electric voltage ranged from 121 to 630 mV.
Analysis of chlorophyll extract with FTIR show that hydroxyl (-OH) groups appear in
the range of wave numbers 3650 - 3200 cm-1, the C=C group at 1700 - 1500 cm-1, the CN group at 1350 - 1000 cm-1, and the C-O group at 1300 - 1000 cm-1. Quantitative testing
used a UV-Vis spectrophotometer at 645 nm and 633 nm wavelengths shows that the
content of chlorophyll a in extract was 4.52 mg/L, chlorophyll b was 8.43 mg/L, and
total chlorophyll was 12.95 mg/L.
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