Development of solar cell electricity using a natural dye sensitizer 
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Abstract. Energy has an important meaning, and it is irrefutable for human survival. The world's population is always increasing. This situation will impact for increasing of energy demand. The demand for electrical energy is in the high category. Electrical energy comes from power plants that use coal as the basic material. In order to prevent the depletion of the amount of coal, other energy substitutes have been developed. An example is a photovoltaic (PV) device. PV is an organic, inorganic and hybrid cell developed to harness solar energy. Several PV have been developed regarding solar cells using silicon (inorganic cells). However, to produce this tool requires a high cost. It was appeared by Dye Sensitized Solar Cell (DSSC), which is an organic cell that has been developed by several experts. This tool is easy to manufacture, efficient, and cheap. DSSC makes use of natural dyes found in plants. Several dyes contained in local Indonesian plants have potential as sensitizers. These substances can be obtained from leaves, fruit, flowers, roots of plants. An example is the color pigment in teak leaves. Teak leaves are associated with the TiO2 semiconductor to convert sunlight into electricity. The teak leaves were extracted and then tested for efficiency as a DSSC sensitizer. Data obtained from monitoring with FTIR spectrophotometer. The efficiency of the dye is seen from the efficiency value obtained from the spectrophotometer data. The more dye content that were bound to the TiO2 semiconductor, the higher the DSSC efficiency. 
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1. Introduction 
Energy has an indisputable importance for the survival of human life. The provision of adequate energy is a prerequisite for overcoming hardship, poverty, welfare and improving living standards. In 2017, the global human population was 7.5 billion. These 4.5 billion people live in Asia, which mostly consists of developing countries [1]. With the increase in the population of the world community, it will result in an increase in demand for energy.
Energy is the main source of economic growth. Because in production activities involve a lot of energy as a basic input. From a physical point of view, energy use drives industrial productivity and growth and is central to modern economic operations. Energy is responsible for at least half of modern economic growth [2]. Energy also represents one-tenth of the cost of production. Many researchers say that energy consumption has a positive correlation with economic growth [3] [4].
In Germany's industrial commercial facilities there are about 35 million motors operating in the range 0.75 to 7.5 kW where 85% of the motors are powered by electricity [5]. Electricity is needed not only in industry. However, the need for electricity covers several sectors. Namely the household sector, the public sector used for street lighting and government buildings, and the commercial sector [6] [7]. This high pressure steam is then used to drive the turbine. The movement of the turbine will trigger the movement of the generator rotor. So that the generator will also rotate and produce electrical energy. The steam that has taken its energy to rotate the generator rotor in the condenser will be condensed into water and return to the normal cycle [8].
Power generation using coal is the part that covers global energy, namely 35% of electricity generation globally. Behind the importance of coal as a power plant, it turns out that coal causes an increase in carbon dioxide gas by 37% [9]. This causes dependence on one particular fuel [10]. One of them is coal. Coal extract contains many organic compounds. After entering the industrial era, as is currently the case, the need for coal is increasing. In 2013, it is estimated that coal will be exhausted in 135 years [11].
The use of coal as a raw material for steam power plants (PLTU) has a negative impact on the environment. Carbon monoxide (CO) produced by burning coal is very dangerous. Nitrogen will be transformed from N2 to NO2. Then the sulfur gas will be transformed into SO2. Burning coal can also cause global warming. The release of greenhouse gases into the atmosphere will exacerbate global warming. This can cause rapid changes to local weather conditions and can have a major impact on biodiversity [12].
Solar power plants allow the use of solar energy on a large scale [13]. According to the international energy agency (IEA) 4 the share of fossil fuels in global energy consumption is 82%. This figure is expected to decrease to 75% by 2035. By developing renewable energy sources [14].
Solar energy is a cheap energy source and will never run out [15]. Therefore, it is very relevant if solar energy is used as a substitute for fossil energy sources. In recent years there has been a growth in the development and manufacture of photovoltaics. PV manufacturing is growing in various regions. This aims to meet the target of using renewable energy sources [16] [17]. This is considered to be the spearhead of technological developments in the energy sector. scientists continue to create developments from solar cells.
When sunlight hits the solar cell, the photon energy from the sunlight will be converted to direct the electric current through the photovaltaic effect process of the solar cell. When the energy of a photon falls on the p-type and n-type junction, an electron will be expelled to go to another layer by obtaining energy from the photon. In general, solar cells have the same parts. The first part is the anti-relecting layer (ARC) which is a very important part of making solar cells. The second part is the front contact which is made of metal. This section serves to collect the current generated by solar cells. The third part is the emitter. The emitter is the part that functions to absorb the incoming photons and then the emitter will transport the resulting energy. The fourth part is the p-n junction. This section has the simplest form compared to the other parts. The basic (p-type) region joins the emitter (n-type) junction which will direct the electrons on the n-type side for diffusion to the p-type side. The fifth part is back contact. This part is less important than the front contact because the rear contact biana is located further away from the intersection and is not very transparent. 
Therefore, it is necessary to have a power plant that does not utilize non-renewable energy sources. Because this energy source is not always available. Another way to generate electricity is solar power generation. Namely by using solar cells. Solar cells have long been developed by experts. In solar cells, there is a very important part, namely the sensitizer. Which serves to absorb sunlight and convert it into electrical energy. Sensitizer made of precious metal. However, precious metals have a limited number. So that natural dyes were developed as a substitute for precious metals in solar cells. Which has the same effectiveness as the precious metals used in solar cells.

2. Dye sensitized solar cell
There are three generations in the development of solar cells. In the first generation solar cells were generally made of silicon wafers. Silicon solar cells first appeared in 1954 and were manufactured by Bell Laboratories. This first silicon solar cell has an efficiency of about 6%. Since then, research has continued to be carried out to increase the efficiency value of solar cells.
The second generation is known as the thin film colar cell. The research conducted focuses on efforts to reduce the cost of manufacturing solar cells without affecting the energy output of solar cells. Materials that are often used in second generation solar cells have three types. Namely (a-Si: H) hydrogenated amorphous silicon, (CdTe) cadmium telluride as well (CuInSe2) copper indium diselenide, and a mixture of a type of copper indium gallium diselenide (CIGS). The highest efficiency value from CIGS is 20%. And the efficiency value of the ScTe is 17%. This second generation solar cell has advantages over the first generation solar cell. Namely lower production costs and better efficiency.
Solar cells in the third generation apply a new concept to their production process. This new concept is a solution to overcoming major constraints on solar cells that have been created in the first and second generations. Namely, the production costs are expensive and the nature of the materials that make up solar cells that contain toxins. As well as the limited availability of constituent materials. This third generation includes organic or polymer solar cells and dye sensitized solar cells.
Dye sensitized solar cell (DSSC) is included in the third generation of solar cells. DSSC is a set of solar cells made of semiconductors coated with dye. This dye can convert sunlight into electrical energy. DSSC uses a photo electrochemical based principle. Where to use an electrolyte solution as a medium to supply electrons. The efficiency of the DSSc can reach 17-25%. The constituent composition of this solar cell uses flexible raw materials. These solar cells can be made using a very simple method. Although this third generation solar cell has a lower efficiency value, one day this solar cell will be very useful. This journal will focus on discussing DSSC.
Basically, the working principle of DSSC is an electron transfer reaction. The first process begins with the excitation of electrons in the dye molecule. Which is the result of photon absorption. The electrons will be excited from the ground state (D) to excited state (D *). The process of electron excitation can be written as follows: D+E-à D*. The second process, electrons from the excited state are injected into the conduction band so that the dye molecules are oxidized (D +). In the presence of an electron donor by electrolyte (I-) the dye molecules will return to their initial state. That will prevent the recapture of electrons by the oxidized dye. It can be written as follows: 2D+ + 3e- à I3- + 2D. The third process after reaching the working electrode, the electrons will go to the counter electrode through an external circuit. The fourth process is a catalyst at the counter electrode which causes electrons to be accepted by the electrolyte. So that the holes due to the electron donors in the previous process recombine with electrons to form iodide. Iodide is used to donate electrons to the oxidized dye. With this cycle, there will be a direct conversion from sunlight into electrical energy. It can be written as
following:  I3- + 2e- à 3I-.
Dye as a sensitizer plays a key role in absorbing sunlight and converting solar energy into electrical energy in the DSSC. Many metal complexes and organic dyes have been synthesized and used as sensitizers. Although the DSSC has relatively high efficiency, there are several disadvantages to using precious metals. Precious metals are a natural resource in limited quantities, so the production costs are relatively expensive compared to organic dyes. Natural dyes are used in DSSC because of their low cost, easy extraction, non-toxicity, and properties environmentally friendly. Due to their cost efficiency, non-toxicity and complete biodegradation, natural dyes have become a popular subject of research. Overall, natural dyes as sensitizers for DSSC are very promising due to their environmental friendliness and relatively low production costs. The dyes used for DSSC usually come from leaves, seeds and fruit skins, one of which is teak leaves. Teak leaves have the Latin name Tectona grandis, belonging to the Verbenacae family which contains anthocyanin pigments. The colors produced by anthocinin compounds are blue, purple, violet, magenta, red, and orange. Figure 1 is the structure of the anthocyanin group which is an example of a dye.
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Figure 1.  The structure of the anthocyanin group

3. Findings and discussion
The study was conducted to determine the effectiveness of natural dyes in teak leaves. This coloring agent is a sensitizer for solar cells. Where on the solar cell, the dye sensitized solar cell uses a dye as a constituent. The TiO2 is coated with a dye or dye. This study uses several kinds of tools. Namely FTIR spectrophotometer, UV-Vis spectrophotometer, SEM (scanning electron microscopy), multimeter, drop plate, spatula, stirring rod, rotary evaporator, analytical balance, and TCO (transparent conductive oxide) glass. There are several supporting materials used in this study. Namely aquades, ethanol, ethyl acetate, iodine, potassium iodide (KI), methanol, NaOH, n-hexane, lieberman-burchard reagent, titanium dioxide (TiO2).
The process of preparing the DSSC begins with the extraction of teak leaves. Natural dyes in a material can be extracted in several ways. Extraction is the process of separating chemicals from a certain material with other components. Extraction using the help of a certain solution. There are several methods of extraction. The first is soxletation. Soxletation is a way of separating components from a material by filtering. Filtering is done using a certain solvent. Filtering is done not only once. However, it must be filtered several times. The amount of solvent used to filter has the same amount at each filter. The second is maceration. Maceration is the process of extracting a material by immersion. Soaking is done using an organic solvent and in a closed container. Boiler aims to break down the cell walls of natural compounds. Then natural dyes will dissolve in organic solvents.
Before extraction, the teak leaves are cut into smaller sizes. the teak leaves are then dried in the sun. After drying, the teak leaves are crushed to form teak leaf powder. The teak leaf powder that is formed is called simplisa. The extraction process begins by mixing 300 grams of teak leaf simplicity with n-hexane as solvent. The mixture of the two is put in a jar and soaked for 24 hours at room temperature. The soaking process between the teak leaves and the hexane solvent will produce a residue. Furthermore, the residue resulting from immersion in hexane is extracted again with ethyl acetate as solvent. The residue of immersion with n-hexane was mixed using ethyl acetate. The mixture will both produce residue as well. In the last stage, the residue from the extraction with ethyl acetate is mixed with methanol. At this stage, a colorless filtrate will be produced. The filtrate from the teak leaf simplicity obtained is then concentrated by means of a rotary evaporator. This process is carried out at a temperature of 40-50 degrees to form a thick extract.
The next step is the TCO glass cleaning process that will be used in the DSSC. By soaking the TCO glass with 70% alcohol. Next is the manufacture of TiO2 paste. TiO2 paste will be used to coat the TCO glass. TCO glass is the glass that is used as a place to put TiO2 and dye on the solar panel. The solar panels used are dye sensityzed solar cells. 1 gram of TiO2 is mixed with enough distilled water to form a TiO2 paste. The TiO2 paste that has been made is then placed on top of the conductive glass area. The process of laying TiO2 paste was carried out using the doctor blade method. Namely the method carried out using a stirrer to even out the TiO2 paste. However, before coating the TiO2 paste, the TCO glass was measured for the resistance of the TCO glass. Resistance measurement is carried out using a multimeter. On the conductive side of the TCO glass, a tempay is provided for the TiO2 paste deposition process by sticking the tape. Then the TiO2 paste is deposited on the TCO glass surface. The TiO2 paste is then flattened on the TCO glass using a spatula. The TCO glass is then left to stand for 5 minutes. Then the heating process is carried out on an electric furnace in 10 minutes, using a temperature of 300 degrees Celsius.
Followed by making an electrolyte solution by mixing potassium iodide with iodine. Potassium iodide as much as 0.83 grams and added iodine as much as 0.17 grams. The two mixtures were dissolved in 10 ml of distilled water. The next process is carbon electrode embedding. The TCO glass is evenly shaded using a 2B pencil. The TCO glass which has been coated with a pencil is then burned. The combustion process aims to form a carbon layer on the TCO glass. a carbon layer will be used at the bottom of the DSSC. TCO glass coated with TiO2 was soaked with teak leaf extract. Soaking is done within 2 hours. This soaking will make the dye in the teak leaf extract stick to the TCO glass. where the TCO glass has been coated using TiO2. Furthermore, the electrolyte solution that has been made is dropped on the working electrode. 
Furthermore, phytochemical screening tests were carried out on teak leaf simplicity extracts. Tests were carried out using 5% FeCl3 and 10% NaOH. The teak leaf simplicisa extract sample was diluted then added with 5% FeCl3 and observed the color change that occurred in the solution. followed by testing using dragendorf reagent, mayer reagent, and lieberman-burchard reagent, and Wagner reagent.
From the results of phytochemical screening, it can be seen that there are groups of flavonoids, alkaloids, and terpenoids. The four reagents have the same components. However, the combined dye contains a number of different compounds. More than the content of other reagents. So that in the combined reagent the maximum in adsorbing photons from sunlight. In ethyl acetate reagent only has dyes from the flavonoid and terpenoid groups. N-hexane reagent only has dye from the alkaloid group. The results of phytochemical tests can be confirmed by the results of UV-Vis and FTIR spectroscopy data.
The compound from the thick extract of teak leaf simplicity was analyzed using a UV-Vis spectrophotometer. The wavelengths of light involved in this test are around 400-800 nm. UV-Vis analysis showed that the mixture of teak leaf extract with n-hexane had a wavelength of 665.9 nm, 664 nm of methanol reagent, 516 nm of ethyl acetate, and a combined reagent had a wavelength of 269nm. From the data that has been obtained based on the experimental results of the reagent n-hexane and methanol, it was identified that they contain chlorophyll. UV-Vis absorption produced by ethyl acetate reagent identified flavonoids. Types of flavonoids in ethyl acetate are anthocyanins that can produce a wavelength of 465 nm - 560 nm. In the combined reagent, flavonoids and terpenoids were identified. The uptake of flavonoids produces low wavelengths. Namely along 250 nm - 270 nm. As for the wavelengths produced by terpenoids along 200 nm - 400 nm. This is due to the large number of compounds in the teak leaf simplicity extract that absorb visible light. The unsaturated bonds contained in the teak leaf simplicity extract overlap with one another. So that the energy transition will be more bigger.
The results of FTIR analysis are used to determine the functional groups present in the dye. The results of FTIR analysis on ethyl acetate show that strong absorption produces a wavelength of 3397 cm-1. This indicates an –OH bond. Moderate absorption of ethyl acetate yields a wavelength of 2952 cm-1. Indicates a –CH bond. When the wavelength shows 2363 cm-1, it indicates a –CN bond. When the wavelength shows 1605 cm-1, it indicates the presence of aromatic C-C bonds. When the wavelength is 1047 cm-1, it indicates the presence of an alcohol C-O bond. In the results of methanol uptake, teak leaves have an absorption in accordance with the results of phytochemical identification. That it contains flavonoid compounds and alkaloid compounds which are characterized by a –CN bond. The terpenoid content was identified because of the C = O bond.
Furthermore, scanning electron microscopy (SEM) was carried out. SEM analysis was used to describe the morphology of DSSC cells. To describe the pores on the surface of TiO2 and their binding with dye. From the picture above, it can be seen that on the TiO2 surface, the spread of the dye is not evenly distributed. This is because some of the dyes contained in the teak leaf extract cannot be adsorbed properly. There are –OH and carbonyl groups in a dye that will form a strong bond between the dye and TiO2. The more dye bound to TiO2, the more photon radiation will be. Photon radiation can be converted into electrical energy. So that the efficiency value on the DSSC will be even greater. The compound content in teak leaf extract has a significant effect on the DSSC efficiency value.

4. Conclusion
In the DSSC producing does not require high technology so that it can be developed as an appropriate technology in the future because it can be produced at a household scale at a relatively low cost. Creating a DSSC is so easy that you can do it yourself. DSSC is a solar panel that uses a semiconductor construction coated with a dye. The dye functions to convert sunlight that enters solar cells into electrical energy. DSSC uses the photo electrochemical principle. Namely using an electrolyte solution as a provider of electrons. Basically, DSSC only applies the principle of electron transfer. Starting from the excitation of electrons in the dye molecule as a result of photon absorption. Followed by the oxidation of the dye. then the electrons will go to the counter electrode. The electrolyte will accept electrons because of the catalyst on the electrode counter. The holes created by the electron donors combine with the electrons to form iodide. Iodide is used for the electron donor of the oxidized dye. Dyes as sensitizers take a very important part. Because the dye functions to absorb sunlight and convert solar energy into electrical energy in the DSSC. Organic dyes have been synthesized and used as sensitizers in solar panels. Natural dyes are used in DSSC because they are environmentally friendly. Natural dyes also have cost efficiency, non-toxicity and complete biodegradation. The effectiveness of natural dye as a sensitizer has also been tested.
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