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Abstract

Dye-Sensitized Solar Cell (DSSC) is a solar cell that uses dyes to convert sunlight into electricity, which has a wide absorp-
tion spectrum, is inexpensive and environmentally friendly. Visible light sensitive dyes are used in Dye-Sensitized Solar Cell (DSSC)
types to generate electricity. Natural sensitive dyes that are commonly used in DSSC are chlorophyll derived from plants. Chloro-
phyll is a source of electrons which will be excited when exposed to light, resulting in an electric current in the DSSC. The most basic
problem in Dye-Sensitized Solar Cell (DSSC) is that the number of electrons produced is still lower than that of silicon solar cells.
This is due to the high recombination process of free electrons due to limited diffusion of electrons trapped at the boundary between
TiO, particles caused by less than optimal contact between particles. Clathrin is a protein that plays an important role in the forma-
tion of the vesicle layer which is responsible for the transport of molecules in cells. As a protein that plays an important role in the cell
transport system, Clathrin can bind to ions in order to transport cells. This study has proven that the addition of Clathrin protein to
the DSSC layer can increase the number of electrons generated in the DSSC. The method used in this study was to vary the addition
of Clathrin content to TiO,, namely the Clathrin concentration of 0 %, 25 %, 50 % and 75 %. The results showed that increasing the
Clathrin content would increase the electric current and the number of electrons generated by the DSSC, namely the 75 % Clathrin
content with an electric current of 5.247 mA and the number of electrons was 3.28x10'°.
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1. Introduction

Energy that comes from the sun is a renewable alternative energy that has the potential to
continue to be developed. This is because every year the energy from the sun arriving at the earth’s
surface is predicted to be 10,000 times the overall basic energy requirement and is greater than the
total energy supply on earth because each year the amount of solar energy radiating to the earth’s
surface is 3.9x10?* Joule = 1.08x10'® kWh [1]. Worldwide, the utilization of solar energy generates
about 512 gigawatts of electricity from solar panels installed until 2018. The use of solar energy
to generate electricity is still very small due to various obstacles [2].

The technical constraints for the development of solar cells are the need for single crystal-
line silicon to make solar cell panels in order to produce an efficiency of around 30 %, while pro-
ducing single crystal silicon requires high costs. The low efficiency of solar cells causes the need
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for large amounts of solar panels to produce large amounts of power [3]. The problem of pollution is the
next obstacle to the use of solar cells, this is because solar panels are toxic. Although in use it does not
cause pollution, in the process of making solar cells there is waste or pollution to the environment due
to the use of toxic materials such as polysilicon in the process of making solar cells. The gas that crea-
tes the greenhouse effect, nitrogen tetrafluoride is also used in the manufacture of solar panels. This
gas is 17,000 times stronger than carbon dioxide. This is what causes damage to the environment [4].

To overcome the problems found in silicon solar cells, a Dye-Sensitized Solar Cell (DSSC)
was developed, namely a solar cell that uses dyes to convert sunlight into electricity [5]. DSSC is
a solar panel device whose process resembles the principle Photosynthesis in plants is a photo-
electrochemical system in which a wide-gap semiconductor is adsorbed by a dye which functions
to absorb photons of sunlight to be converted to electrical energy by the process of transporting
electrons in its structure [6].

The DSSC structure is composed of nano-sized semiconductors deposited in a dye that
serves to capture photons of light (using synthetic dyes such as ruthenium complex or organic dyes),
conductor glass, counterelectrodes and electrolytes. DSSC is also known as Gratzel cell or dye-sen-
sitized solar cell (DSSC). DSSC is very inexpensive and easy to prepare, environmentally friendly,
and the light thin film structure is compatible with automated manufacturing [7].

The nanoparticle coating that is often used is Titanium dioxide or TiO, [8]. The large band
gap energy (Eg) value of 3.20 eV, good chemical stability, non-toxicity, environmental compatibi-
lity and low price are the advantages of the TiO2 semiconductor material [9]. The anatase structure
of TiO, can be used as an electrode in solar cells, lithium batteries and electrochromic devices [10].

The most basic problem in Dye-Sensitized Solar Cell (DSSC) is that its efficiency is still
low compared to silicon solar cells. The low efficiency is caused by the low number of electrons
produced by DSSC [11]. The current highest DSSC efficiency reaches 11 %, which is still lower
than silicon solar cells which have an efficiency of around 20 % [12].

The low number of electrons produced of DSSC is due to the high recombination process of
free electrons in the electron transfer process with oxidized dyes and electrolytes [13]. One of the
reasons for the high rate of recombination is the limitation of electron diffusion in the TiO, layer. The
low electron diffusion will result in electrons trapped at the boundary between TiO, particles [14].
Furthermore, the trapped electrons at the grain boundaries result in a higher chance of recombination.
This low electron diffusion occurs due to less than optimal contact between particles [15].

Various attempts have been made to increase the efficiency of the DSSC. Increasing the
efficiency of DSSC can be done by deposition or addition of nano-sized particles to the semi-
conductor layer structure by depositing Ag nanoparticles [16], doping Indium nanoparticles [17],
adding bamboo charcoal powder particles to the TiO, layer [18] and addition of Li* particles [19].
Modifications to the semiconductor layer to increase efficiency have been carried out by making
a ZnO/TiO, heterojunction photoanode layer [20] and making a SnO,-ZnO composite layer [21].
Dye engineering can also increase efficiency, use of a mercurochrome sensitizer [13], conjugation
between ethylenedioxythiophene and dithienosilole in organic photosensitizers [22].

Clathrin is a protein that plays an important role in the formation of the vesicle layer which
is responsible for transporting molecules within cells. This protein is found in every animal, human
and plant body. This protein is shaped like a tripod: three leg spindles joined together on a single hub.
This form of triskelion consists of three Clathrin heavy chains and three light chains. Clathrin
molecules easily combine with each other to form a kind of honeycomb (honey/honeycomb) — like
a lattice/web on the surface of cells. When triscelia interact, they form a polyhedral lattice surround-
ing the vesicle. The combination of Clathrin lattices is formed with sizes ranging from 30—-100 nm
from about 36 clathrin molecular units consisting of 108 heavy chain Clathrins and 108 light chain
Clathrins. When the right molecule attaches to the Clathrin, the lattice structure of the Clathrin
wraps around like a pocket. This Clathrin pocket will carry the molecule to its destination [23].

The use of Clathrin has been carried out on various materials as a biotech substrate. Mate-
rials that have been successful in adding Clathrin are graphene, polymers, glass, and metals [24].
It is also known that Clathrin can bond with Titanium Dioxide (TiO;) [25]. Titanium Dioxide is
a semiconductor material that is often used in DSSC.
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As a protein that plays an important role in the cell transport system, Clathrin must be able
to bind to ions in order to transport cells. Examples of ions that can bind to Clathrin are positive
ions in iron [26]. As a type of protein, Clathrin is composed of various amino acids. According to
the Lewis theory, amino acids can conduct electrons [27].

In Sadasivan’s research, has demonstrated the use of the Clathrin protein, as a polyhedral
framework for the preparation of inorganic Cadmium Sulfide nanoparticles — Clathrin protein.
From this research it is known that Clathrin can be easily transformed without disassembly or
significant structural changes in organic and inorganic nanostructures in solid form embedded
in the skeleton (organoclay/organosilica) or CdS polyhedra. The specific feature of organoclay or
CdS bonding with Clathrin is the electrostatic interaction between amino acid residues on organic
surfaces and inorganic CdS materials. This study also shows that Clathrin can be used as a nano-
scopic framework for the fabrication of a new type of composite nanoparticle in which the Clathrin
skeleton is trapped in a matrix [28].

Increased efficiency can be done by increasing the number of electrons produced by DSSC
by increasing the electron flow in the TiO, semiconductor, thereby reducing the chance of electron
recombination with oxidized dyes.

In conventional DSSC there are gaps or empty spaces at the grain boundaries of the com-
bined TiO, molecules. This gap or empty space causes the inhibition of the electron transport
injected into the TiO, semiconductor. Due to the internal resistance of TiO,, the electron diffusion
is inhibited, resulting in a higher chance of electron recombination to dyes and electrolytes [15].

0%%%%
OO0

Fig. 1. Internal Resistance in DSSC [15]
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In DSSC with added Clathrin, Clathrin molecules which have the ability to self-assemble
and can wrap particles, and the size is 30 nm will wrap TiO, measuring 11-20 nm and fill gaps
or empty spaces between TiO, grain boundaries so that it will reduce internal resistance and
produce transport electrons are maximized.

In this study, an attempt to increase the number of electrons produced by DSSC was carried
out by adding Clathrin protein to the TiO; layer so as to facilitate the flow of electrons in the TiO,
semiconductor. The addition of Clathrin protein to the DSSC which will envelop the TiO, and dye
layers resulting in maximum electron transfer because it can pass through all parts of the TiO, layer
so that the number of electrons produced by DSSC will increase. Therefore, this study aims to de-
termine the effect of adding Clathrin protein to the number of electrons produced in organic DSSC.

2. Materials and Methods

This study used an experimental method to determine the effect of adding Clathrin protein
to the number of electrons produced in organic DSSC. The research procedure is carried out by
preparing materials and equipment that will be used in the study, then DSSC assembly is car-
ried out, and then testing of DSSC created. Preparation of materials needed are prepare protein
from cow brain (Clathrin protein), TiO, paste, dye solution, electrolyte solution, carbon counter
electrodes, and TCO glasses. Furthermore, the following are prepared equipment: Becker glass,
measuring tube, pipette, magnetic stirrer, petri dish, Whatman filter paper, furnace, digital scale,
mortar, scotch tape, multimeter, solar simulator, solar power meter, electrophoresis equipment,
and centrifuges.

Clathrin protein was obtained from the isolation of protein in cow brain carried out in the
lab. Biochemistry Brawijaya University. The steps for protein isolation and protein profiling using
SDS-PAGE from cow brain tissue are as follows: homogenization of 300 mg of cow brain sam-
ples by grinding in a mortar and adding a solution of Phosphate Buffer Saline Tween pH 7.4 and
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Phenyl Methyl Sulfonyl Fluoride 4 mM (5xvolume). Then sonicated for 10 minutes, the sonication
method serves to shorten the contact of the sample and solvent by using ultrasonic waves at a fre-
quency of 42 kHz. Then centrifuged at 6000 rpm for 15 minutes, to separate the cells molecularly
by using gravity. After centrifugation, a supernatant layer was obtained which contained protein
cells at the top and a precipitate at the bottom. After separating the supernatant from the sediment,
the supernatant was added with ethanol in a volume ratio of 1:1. Ethanol was added to the topmost
layer containing the plasmid, allowing it to form a precipitate at —20 °C. The next step is centrifu-
gation again at 10000 rpm, then Tris-HCI solvent is added with a volume ratio of 1:1 which serves
to maintain the pH of the solution. The next step is to do a protein profile with Sodium Dodecyl
Sulfate Electrophoresis — Polyacrylamide Gel (SDS-PAGE). The use of polyacrylamide to separate
protein-containing materials by electrophoresis is called SDS-PAGE. Acrylamide gel was placed
between two glass plates on SDS-PAGE. The Separating Gel solution was put in the electrophoresis
plate and allowed to solidify. The gel with the most composition and placed on the bottom side is the
separating gel. Then the Stacking Gel solution was added above the Separating Gel. Stacking Gel is
a lower concentration polyacrylamide gel that is placed on top of the more concentrated separating
gel (Separating Gel) on PAGE. The mixed gel was attached to a sample channel-forming comb and
allowed to solidify and then the comb was removed. Then it was attached to the electrophoresis
apparatus and the running buffer was poured. Then the gel is inserted into the plate. Furthermore,
a complete electrophoresis apparatus was used. 1 L of sample was added and 14 L of Tris-HCL was
added to a micro tube. Added with 15 L of Reducing Sample Buffer solution volume ratio 1:1. Then
heated at a temperature of 100 °C for 7 minutes in a water bath, and cooled at room temperature.
Then injected into 10 wells with each well 30 uL. Running with a voltage of 200 V until the blue
color is £0.5 cm from the lower limit of the gel plate. Then the gel from the running process was
soaked in a staining solution and then shaken using a shaker for 20 minutes. Then soaked in a de-
colorizing solution (destaining) then shaken using a shaker until the band on the gel is clear. The
bands in the electrophoresis gel were determined by the value of the Retention factor (Rf) and their
respective relative molecular masses and then recorded in the form of data.

The procedure for forming the TiO, paste is as follows: polyvinyl Alcohol (PVA) as much as
1.5 g was dissolved in 13.5 ml of distilled water, then a rotary motor was used to stir the solution at
a temperature of 80 °C for £30 minutes until it thickens. The suspension acts as a binder or binder
for making pastes. Then 0.5 grams of TiO, powder was added to the suspension, about 7.5 ml,
to form a paste. Good viscosity of TiO, paste is obtained by adjusting the binder and water content
in the mixture.

Papaya leaf chlorophyll extraction is used to prepare the dye. Following are the steps for
chlorophyll extraction: a total of 100 grams of papaya leaves with 500 ml (w/v) of acetone P. A as
solvent. First, weigh the papaya leaves to be used, then clean the papaya leaves and drain. Cut the
papaya leaves into small pieces and blend until smooth. The smooth papaya leaves were then mixed
with 500 ml of acetone P. A in a Becker glass. Then stirred using a rotary motor for 30 minutes so
that the chlorophyll is extracted from the leaves, until the acetone P. A solution turns green and the
leaves turn white. Then gauze paper (Whatman) was used to filter the leaf dregs so that 500 ml of
the solution was obtained. After that the dye is stored in a dark bottle tightly closed so that the dye
does not get influenced by the external environment which can decompose and avoid light which
can reduce the absorption of the dye.

The process of making iodide/triiodide electrolyte solution is as follows, a mixture of
0.8 grams of Potassium Iodide (KI) (0.5 M) and 10 ml of PEG 400 was used to make an electrolyte
solution. Next, 0.127 gram (0.05 M) of iodine (I12) was added and stirred until the three ingredients
were completely dissolved. Then the electrolyte solution is stored in a closed dark bottle.

The counter-electrode is made by heating TCO glass with wax until soot appears on the
surface of the conductive area of the glass evenly. This combustion process causes the substrate to
be coated with carbon (carbon counter-electrode). This carbon acts as a catalyst which makes the
triiodide reduction process faster.

After each DSSC component has been successfully made, then assembly is carried out to
form solar cells with the following steps: on Transparent Conduction Oxide (TCO) with dimensions
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of 1.5x1.5 cm? in the conductive part using scotch tape an area of 1x1 cm? is formed to deposit TiO».
The thickness of the TiO, paste is adjusted based on the thickness of the scotch tape.

The doctor blade technique was used to deposit TiO, on the prepared area on the conduc-
tive glass. The TiO, paste was flattened using a stirring rod. Furthermore, the layer is allowed to
dry for 15 minutes and sintered/burned at a temperature of 450 °C for 30 minutes in the furnace.
Conductive glass that has been deposited with TiO, paste and has been sintered within 24 hours
is immersed in a dye solution containing chlorophyll until the TiO, layer on the conductive glass is
green, indicating that the surface of TiO, has adsorbed chlorophyll.

Subsequently, Clathrin solution was applied to the TiO, layer and dye with varying concen-
trations of 0 %, 25 %, 50 % and 75 %. Variations in the percentage of Clathrin content were carried
out to determine its effect on the number of electrons.

The electrolyte solution was then dripped onto the TiO,/dye/Clathrin layer. The counter-
electrode that has been given a carbon catalyst is then placed on a layer of TiO,/dye/Clathrin/elec-
trolyte resembling a sandwich structure with an area of 0.5 cm left on both ends of the electrode
which functions as an electrical contact. So that the two conductor glass electrodes are connected
tightly and firmly clamped using a clip. Furthermore, testing of Energy Dispersive X-ray Spec-
troscopy (EDS), Fourier Transform Infra Red (FTIR) and measurement of electric current in the
prepared solar cells were carried out.

Measurement of DSSC current and voltage to determine the number of electrons produced
is carried out in a research installation.

The electric current and voltage on the DSSC are generated by lighting using halogen lamps
in the solar simulator, and then the resulting change in current and voltage is measured using
a data logger to determine the performance of the DSSC. Schematically, the research installation
is shown in Fig. 2.

The research installation consisting of a solar simulator which is a place to provide light-
ing to the DSSC so as to produce currents and voltages that will be measured to determine the
performance of the DSSC. The solar simulator has a length of 300 mm, a width of 300 mm, and
a height of 500 mm. The solar simulator equipment consists of 1000 W/m? intensity halogen lamps
to provide lighting, Ultra Violet and Infra-Red filters to produce visible light, temperature sensors,
intensity sensors, and fans that function to maintain a constant temperature. The current and volt-
age data generated in the DSSC were measured using the Arduino Uno ATmega 328 data logger
microcontroller.

Halogen Lamp

Filter UV and IR Solar Simulator

Inner
Tempgrature
ppratuy DSSC Fa

Sensqr ﬁlﬁ Q F " Outer
Temperature

Intensityl _Sensor Computer
Sensor 1,V
Data Logger Temperaturg
Intensity

Fig. 2. Research Installation Scheme

The ASTM E948 standard specifies a set of general test conditions and methods for measur-
ing the electrical performance parameters of photovoltaic cells [29]. The Standard Condition Tests
are as follows:

1. The temperature of the device under test is 25%1 °C.

2. AM1.5£25 % light spectral distribution.

3. The measured irradiation on the solar cell plane is 1000 W/m?+2 %.
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The stages of data collection are as follows: equipment arranged according to Fig. 2. Then,
the DSSC is placed in the center with the distance to the exposure adjusted, so that the inten-
sity is 1000 W/m?. Next, the lamp is turned on, thus, the current and voltage appear at DSSC.
Then the DSSC was varied the percentage of Clathrin protein content on TiO, namely 0 %, 25 %,
50 %, and 75 %. Current data and voltage data obtained are then transferred to computer to calcu-
late the number of electrons generated.

3. Results and discussion

The characterization of the DSSC layer with Energy Dispersive X-ray Spectroscopy (EDS)
aims to analyze the elemental composition of the sample surface. Table 1 shows the composition
and variation of Clathrin content, namely 0 %, 25 %, 50 % and 75 % in DSSC.

Table 1
Composition and Content of Clathrin in each Percentage DSSC
Weight %

Element
0% 25% 50 % 75 %
Carbon 1.414 2.881 7.741 10.499
Oxygen 41.559 45.223 46.831 47.24
Sodium 0.429 0.616 1.777 0.962
Phosphor - 0.16 1.648 2.345
Chlorine 0.325 0.565 1.128 1.547
Titanium 48.751 47.647 38.585 35.007
Tin 7.522 2.908 2.29 2.401

From the results of the EDS test, the elemental content and composition in the DSSC layer
are shown in Table 1 DSSC with 0 % Clathrin content contains elements of Titanium (Ti) and
Oxygen (O) respectively 48.751 % and 41,559 %. The presence of Ti and O elements indicates the
presence of TiO, molecules. While the presence of the element Carbon (C) of 1.414 % is an element
in the chlorophyll dye. The presence of the elements Na, Cl and Sn are elements found in FTO glass.

In the TiO, nanoporous structure, the carbon element in the dye serves as a source of elec-
trons which will be excited if it is subjected to external energy. These excited electrons will flow
through the conduction region of TiO, causing an electric current to be generated by the DSSC.
The high amount of carbon in the dye causes more electrons to be generated thereby increasing the
electric current of the DSSC.

The high electrical conductivity of carbon is due to the fact that carbon is a source of elec-
trons for the dye. The presence of unpaired valence electrons on carbon causes electrons on carbon
to be easily released or excited when exposed to small energies. Dyes containing chlorophyll have
the ability to absorb photon energy from light and utilize this light energy to release electrons con-
tained in carbon.

Table 1 also shows data from Clathrin protein-deposited DSSC. From the table it appears
the emergence of a new element, namely phosphorus. From the results of the EDS test, it is known
that the addition of Clathrin to DSSC gives rise to a new element, namely phosphorus. Phosphorus
is one of the elements that make up proteins, in addition to the elements carbon and oxygen [30].
From Table 1 it can be seen that with increasing protein content added to DSSC, the elements car-
bon, oxygen and phosphorus also increased.

In the nanoporous structure of TiO,, elements such as carbon, oxygen and phosphorus can
function as electron transfer connectors. The hexagonal layer formed by the carbon molecule is
three electrons used to make covalent bonds with the nearest neighboring C atom, so that there are
free electrons that can move on the surface of the layer. The ability to conduct electric current by
carbon is due to the presence of these free electrons [31].

Carbon is found in a number of very diverse forms because it can form many different types
of bonds due to its unique electronic structure. Its six electrons are arranged around the nucleus
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with two electrons in the innermost shell tightly bound and four electrons in the outer valence shell.
The minimum energy ground state of carbon has two valence electrons in the 2 s subshell and two
in the 2 p subshell. What makes carbon special is that it only takes a small excitation of an electron
in the 2 s subshell to be promoted to the 2 p subshell. This is very advantageous because all four
orbitals become exactly half full and can be used to form strong covalent bonds. The four orbitals
on carbon that are half full provide the ability for electrons on carbon to move freely and make the
carbon atom able to give rise to high electrical conductivity.

Phosphorus with five valence electrons is an N-type donor or doping agent. The conduction
of electric current can be carried out by phosphorus because the fifth electron in the phosphor is
not bound anywhere [32]. Phosphorus is commonly used as an electron donor in semiconductors
so that it becomes an N-type semiconductor. Phosphorus is a pentavalent element (there are 5 elec-
trons as valence electrons). When there is an electric field on the phosphorus, the fifth electron is
easily released and moved because the bond is weak. If a pure semiconductor gets the donation (do-
nor) of these electrons, the resistivity of the N-type semiconductor will be low.

For example, a silicon semiconductor is doped by phosphorus causing the four valence elec-
trons of the phosphorus to form covalent bonds with the nearby silicon atom, so that the fifth va-
lence electron from the phosphorus will freely move to the original atom. Thermal energy will be
generated from these electrons to break bonds even at room temperature, then along the crystal the
electrons move so that in the semiconductor there is an increase in electron current. The transfer of
electrons to the conduction band causes the formation of positively charged phosphorus ions. With
the free movement of one of the phosphorus electrons along the crystal, the phosphorus atom is
called an impurity donor. The positively charged phosphorus atom is due to the transfer of one of
the electrons, has no freedom of movement in the crystal and does not produce a current. There-
fore, if a semiconductor is given an impurity donor, free electrons will be produced without the
formation of holes, so that the concentration of free electrons in the semiconductor can be adjusted.
Semiconductors doped with impurity atoms (donors) are called N-type semiconductors because
they have more electrons than holes [33].

While oxygen is an electron acceptor, which will capture the electrons produced by the
dye [34]. The composition of 8 protons and 8 electrons in the oxygen atom gives oxygen the atomic
number 8 (Z=28). The atomic number 8 means that oxygen has an electron configuration of 2,6 (re-
quires 2 electrons). With the number of valence electrons 6, the stability (octet) of the electron con-
figuration of the oxygen atom can be achieved if oxygen gains or accepts 2 electrons. So that the
electrons from the dye will be captured by oxygen to create a stable electron configuration in oxygen.

In the presence of carbon, oxygen and phosphorus in TiO,, it can accelerate the flow of
charge from the dye which is passed on by these elements to the next TiO, particle. This incident
shortens the charge delivery distance in the TiO; layer, resulting in an increase in the number of
electrons and electric current in the DSSC.

The functional groups in the DSSC layer due to the addition of Clathrin protein can be de-
termined by testing the Fourier Transform Infra-Red (FTIR) spectrophotometer. Functional groups
play a role in defining the characteristics of a carbon compound based on the atomic group or atoms
of the carbon compound and are part of the molecule that is reactive to certain reagents.

The results of the FTIR test for each concentration of Clathrin protein addition to TiO, are
shown in Fig. 3. From the results of the FTIR test, it can be seen that the functional groups formed in
the DSSC layer. Fig. 3 shows the appearance of a peak at the wave number 3300-3500 cm™! which
indicates the presence of an N-H group of amine/amide. Next, a peak appears at the wave number
2500700 cm™! which indicates the presence of an O-H group of hydrogen/phenol bonded alcohol.
Fig. 3 shows the appearance of a peak at the wave number 2850-2970 cm™"' which indicates the
presence of a C-H group of Alkanes. From Fig. 3 it is also known that a peak appears at the wave
number 1610-1680 cm™ indicating the presence of a C = C Alkene group. Furthermore, it is known
that a peak appears at the wave number 1500-1600 cm™' explaining the presence of the C=C
group of the Aromatic Ring. Fig. 3 also shows that peaks appear at wave numbers 15001570 cm™!
and 13001370 cm™" which indicate the presence of NO, groups or nitro compounds. Then it is
also known from Fig. 3, a peak appears at the wave number 10501300 cm™' which indicates the
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presence of the C-O group of alcohol. Next, a peak appears at the wave number 500-900 cm™
which indicates the presence of a TiO, group [35]. The presence of N-H groups of amines, C-0O,
O-H, alkenes, aromatics and nitro compounds which are known from the FTIR test results in-
dicate the presence of groups that make up amino acids. Amino acids are the building blocks
of protein [36].
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Fig. 3. Functional Groups in DSSC

Proteins are composed of chains of amino acids linked together by bonds called peptide bonds.
Oxygen, hydrogen, carbon and nitrogen are the basic constituents of amino acids. In addition there
are elements of iron, phosphorus, iodine and cobalt which make up certain amino acids. Peptide
bond is a primary level bond resulting from the bonding of one amino group with the carboxyl
group of another amino acid. A dipeptide bond is a shared bond between two amino acid molecules.
If three amino acid molecules are bonded together, it is called a tripeptide and if there are more
molecules bound together it is called a polypeptide. Proteins are polypeptide bonds because pro-
teins consist of large amounts of peptide bonds of amino acids. Amino acids are formed by bonds
between an amino group (—NH;) and a carboxyl group (-COOH), one of which is located at the
C atom right next to the carboxyl group (C alpha atom) [37].

Proteins contain large amounts of charge and have amphoteric properties that can react with
acids or bases because at the end of the molecular chain there are amino groups and free carboxyl
groups. Proteins will be positively charged in acidic solutions because the amino groups react
with H*. If it is subjected to electrolysis, then there is a movement of protein molecules towards
the cathode. While protein molecules are negatively charged in alkaline solutions because they will
react as acids causing movement towards the anode by protein molecules [38].

The functional groups that make up amino acids can increase the electron transfer process
in the DSSC layer because amino acids have amphoteric properties that can act as acids (donating
protons to strong bases) and can act as bases (accepting protons from strong acids) [39]. Proteins
are composed of amino acids that have one carboxyl group and one amino group. The structure
of the amino acids can be seen in Fig. 4.

22

Energy



Original Research Article:

(2022), kKEUREKA: Physics and Engineering»

full paper Number 2
Base
I Acid
we |
R ——CH —COOH
o
Fig. 4. Amino Acid Structure [39]

Amino acids in the form of zwitterions, namely the carboxyl group of amino acids can lose
hydrogen ions to become negatively charged and amine groups can accept hydrogen ions to become
positively charged [40]. The zwitterion form of the amino acid can be seen in Fig. 5.

+
NH;
R— CH—COO-
Fig. 5. Zwitterion Forms of Amino Acids [40]

From the results of the FTIR test, it appears that the higher the concentration of Clathrin
in TiO,, the sharper absorption occurs in the wave number of the FTIR spectrum for the protein
constituent groups. The sharper the absorption intensity indicates the higher the structure or func-
tional group of amino acids formed and indicates the greater the energy absorbed by the functional
groups formed from the increasing concentration of Clathrin protein in DSSC [41].

Current measurement aims to determine the electric current and the number of electrons
generated from each DSSC. The results of the measurement of electric current and the number of
electrons produced by DSSC with variations in the percentage of Clathrin content in TiO, are 0 %,
25 %, 50 % and 75 % as shown in Table 2.

Table 2
Test Results of Electric Current and Number of Electrons for various Clathrin Contents
Content of Clathrin 0 % 25 % 50 % 75 %
Electric Current (mA) 0.353 0.917 2.643 5.247
Number of Electron 2.21x10% 5.73x101 1.65x1016 3.28x10'¢

From Table 2 it can be seen that with the increasing content of Clathrin in the DSSC, it re-
sults in an increase in the electric current and the number of electrons produced. The highest num-
ber of electrons is at 75 % Clathrin content and 5.247 mA electric current is 3.28x10'¢ electrons.
The electrons generated are derived from the dye chlorophyll adsorbed on TiO,. These electrons
are excited as a result of the absorption of photon energy by the dye and flow through the TiO,
semiconductor. The increasing content of Clathrin in DSSC causes a decrease in the resistance
to electron flow from the dye through the TiO, semiconductor and reduces the chance of electron
recombination with the dye and electrolyte. The decrease in the electron flow resistance causes
an increase in the number of electrons produced, thereby increasing the electric current generated
by the DSSC.

The performance of the DSSC is strongly related to the electron transport resistance in the
semiconductor photoanode. Modification of the interfacial and transport networks will signifi-
cantly change the electron transport barrier. TiO, photoanode plays an important role in deter-
mining the performance of DSSC. A typical photoanode for DSSC applications generally consists
of a porous TiO, layer coated on a conducting substrate (i.e., FTO) with a dye adsorbed on the
TiO, surface. The porous TiO, layer basically functions for the collection and transport of photo-
electrons injected by the photo-exciton dye through the TiO, conduction band to the conducting
substrate and then to the external circuit.
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The high porosity and suitable pore size of the porous TiO, layer increase the dye adsorption
capacity and light scattering ability, which imparts high light harvesting yields and increased en-
ergy conversion efficiency. However, photoanodes constructed with nanoporous TiO, layers have
several drawbacks. The porous nature of the TiO, layer may result in a portion of the FTO surface
being uncovered. This state is, in essence, equivalent to the direct recombination of photoelectrons
with dye, resulting in a decrease in energy conversion efficiency [42].

From the current and voltage test results on the DSSC, it appears that the addition of Clathrin
protein will increase the number of electrons produced by the DSSC, this can be seen by increasing
the current and voltage values of the DSSC. The increase in the number of electrons in DSSC is
due to the compositing of TiO, with Clathrin, with the addition of Clathrin protein in DSSC it will
fill the cavities or gaps between TiO, particles can increase connectivity between TiO, particles
and produce closer contact of the semiconductor oxide thereby accelerating charge transfer in the
photoanode. The increased connectivity between TiO, particles causes a reduction in the electron
flow resistance in the DSSC layer by creating a short path of electron flow and thereby serves as an
electron bridge between the porous TiO, molecules thereby reducing the possibility of recombina-
tion and resulting in an increase in the efficiency of the DSSC.

The addition of Clathrin to DSSC causes an increase in carbon, oxygen and phosphorus
elements in DSSC, with the presence of these elements which are protein-forming elements in the
DSSC layer, which is useful as an electron transfer bridge in TiO, which has a porous structure,
thereby increasing the performance of DSSC. The increase in the number of electrons generated
in the DSSC is due to the protein molecules added to the DSSC filling the gaps or empty spaces
in TiO, because Clathrin protein is zwitterionic (acidic and basic) so that it can function as an
electron bridge between the porous TiO, particles which produces reducing the resistance of the
flow of electrons results in an increase in the electric current generated. Electron bridges can occur
because of the ability of Clathrin proteins to carry out acid and base reactions at once or known
as zwitterions [39].

Fig. 6 shows the Zwitterion phenomenon that occurs in the gap or empty space between TiO,
molecules that have been filled with Clathrin protein, namely when electrons flow from chloro-
phyll will be captured by Clathrin protein molecules through an acid reaction, in acidic conditions
the protein will donate protons to the base so that the protein tends to contain electrons and can be
considered as a negative pole (anode), whereas in basic reactions, proteins will accept protons from
acids so that proteins tend to contain protons and can be considered as positive poles (cathode).
In this state, electrons will flow from acid to base. Through the alkaline reaction, these electrons
will be released to TiO; so that electrons flow from chlorophyll to TiO, through the electron bridge
of the protein Clathrin. So that the electrons can pass through all the pathways between the TiO,
particles and increase the electric current in the DSSC.

Ti0, Clathrin Chlorophyll

Base Acid

Ce———¢

Acid Base
e _—»e
e

Fig. 6. Zwitterion phenomenon in the gap between TiO, particles [39]

From the number of electrons and currents generated in this study, the resulting efficiency
can be found which is 1.465 %. When compared with other studies, namely the results of Chava’s
research which deposited indium on DSSC resulted in an efficiency of 1.8 % [17], Patle deposited
copper resulted in an efficiency of 1.67 % [43] and Zainal who deposited Zn on DSSC resulted
in an efficiency of 0.89 % [44], the difference is not very significant. This proves that organic
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material, namely Clathrin protein can be used as a material that can increase the number of elec-
trons generated in DSSC.

The limitation of this study is that research on the durability of DSSC has not been carried
out because research on the durability of DSSC is a separate but interrelated topic. This causes the
weakness of this study because the time period or life time of using DSSC is unknown. Therefore,
in the future, researchers plan to conduct research on the effect of using Clathrin protein on the
durability of DSSC.

4. Conclusions

Based on the results of research and discussion, it can be concluded that with increasing
Clathrin content in DSSC, it will increase the number of electrons and electric current produced
by DSSC. The increase in the number of electrons is due to the addition of Clathrin which redu-
ces the electron flow resistance and decreases the chance of electron recombination so that it will
result in an increase in the electric current in the DSSC. The highest number of electrons is in the
75 % Clathrin content and the current is 5.247 mA, which is 3.28x10'° electrons.
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