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Abstract. Dye-Sensitized Solar Cell (DSSC) has the cost of fabrication is relatively cheap, 
easy to produce, work on the area of the visible light and environmentally friendly. The 
shortage of DSSC, namely the efficiency is still low compared with solar cells of silicon. In 
this study, have been successfully fabricated DSSC with clathrin protein deposited. The 
method used in this research is to deposit clathrin protein in porous TiO2 semiconductors with 
a concentration of 0%, 25%, 50%, and 75%. Tests carried out on the DSSC that has been made 
current testing electricity using a solar simulator to determine the changes in electrical current 
that occur in DSSC. The conclusion from this research is that with increasing concentration of 
the addition of the clathrin protein in the DSSC leads to an increase in the electric current 
generated by DSSC. From the results of testing using a solar simulator obtained the value of 
electric current is the highest, namely 5.247 mA with the addition of the concentration of the 
clathrin protein by 75%. 

1. Introduction 
Technical constraints the development of solar cells, namely, the need for single-crystal silicon to 
make solar cell panels that can produce efficiency of about 30% [1]. To resolve the issue today has 
found a new type of solar cells photochemical namely the Dye-Sensitized Solar Cell which is a type of 
solar cell exciton developed by O'Regan and Gratzel in 1991 [2]. 

Different solar cells of the conventional, the DSSC is a solar cell photoelectrochemical processes 
using an electrolyte as the medium transport charge. In addition to the electrolyte, the DSSC is divided 
into several parts consisting of nanoporousTiO2, the dye molecule that adsorbed on the surface of TiO2 
and the catalyst is carbon, all of which are deposited between two conductive glass, as shown in 
Figure 1. 
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Figure 1. Structure of Dye-Sensitized Solar Cells [2] 

Some of the advantages offered by the DSSC compared with the solar cells, namely the cost of 
fabrication is relatively cheap, easy to produce, work on the area of the visible light and 
environmentally friendly [3]. 

The scheme of work of Dye-Sensitized Solar Cell as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

Figure 2. The Scheme of Work of the DSSC [2]. 

Basically, the working principle of DSSC is the reaction of the electron transfer. The process first 
begins with the onset of the excitation of the electrons in the dye molecule due to the absorption of a 
photon (hv).  

Electrons excited from the ground state (D) to excited state (D*). 

D + hv               D*  

Working 
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Oxide TiO2 Semiconductor Layer 

Electrolyte Sun 
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Electrons from the excited state then directly injected towards the conduction band (ECB) of 
titania so that the dye molecule is oxidized (D+). 

D*                  D+ + e- 

After reaching the electrode TCO, the electron flow toward the counter-electrode through the 
external circuit. With the presence of the catalyst at the counter-electrode, electrons are accepted by 
the electrolyte so that the hole formed in the electrolyte (I3-), as an electron donor in the previous 
process, recombination with electrons to form iodide (I-). 

           I3- + 2e-                  3I- 
With the presence of an electron donor by the electrolyte (I-) then the dye molecule back to its 

initial state (ground state) and prevent the capture of the returning electron by the dye being oxidized. 
       2D+ + 3I-                                 I3- + 2D 

Iodide is used to donate electrons to the dye which are oxidized, thus forming a cycle of the 
transport of electrons. With this cycle happening the direct conversion of sunlight into electricity. 
 The main problem found in the Dye-Sensitized Solar Cell is efficiency that is lower than silicon 
solar cells [4]. This low efficiency is caused by obstacles to the flow of electric current in DSSC. This 
obstacle is caused by less optimal contact between semiconductor particles because there is a gap or 
empty space between semiconductor particles. The presence of this gap or empty space causes the 
flow of current to be obstructed so that the efficiency of DSSC is low [5]. 
 
 

 

 

 

Figure 3. Gap or Empty Space Between TiO2Particles 

 Various efforts have been made to improve the efficiency of the DSSC. Previous research that has 
been done to increase efficiency, namely by the deposition or addition of nano-sized particles on the 
structure of the semiconductor layers as did Hu (2016) with deposition nanoparticles Ag [6], Chou 
(2015) add particles of bamboo charcoal powder on the layer of TiO2[7] and Kuang (2006) the 
addition of particles of Li+[8]. 
 One way to increase the flow of electric current and efficiency can be done by combining organic 
and inorganic elements on the structure of the DSSC. Organic elements in the form of the protein 
clathrin, whereas inorganic elements, namely semiconductor TiO2. 
 From the research Schoen (2011) it is known that clathrin can do bonding with titanium dioxide. 
The size of the merging of the molecules clathrin around 30 nm can wrap the TiO2 size of 11 nm. 
Titanium dioxide is a semiconductor material in Dye-Sensitized Solar Cell [9]. 
 This study aims to determine the role of the protein clathrin in the increase of electric current on 
the Dye-Sensitized Solar Cell. In this study, the protein clathrin will be added to the Dye-Sensitized 
Solar Cell that will envelops a layer of TiO2 and the dye so that it fills a gap or empty space in the 
layer of semiconductor TiO2 resulted in contact between the TiO2 particles becomes better and the 
displacement of the electrons becomes the maximum because can through all the parts of the 
semiconductor TiO2. The addition of the protein clathrin is expected to increase the flow of electric 
current in Dye-Sensitized Solar Cell. 
 
2. Research Methods 
This research uses experimental methods to test the role of the addition of the protein clathrin to the 
increase of electric current on the Dye-Sensitized Solar Cell.  

The flow of Electron Transport 

TiO2 Particles 

Gap or Empty Space 
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The procedure of the assembly of the DSSC which is as follows, on the conductive glass FTO that 
has been cut into a size of 1.5 x 1.5 cm2 was formed area of TiO2 deposition with the help of scotch 
tape on the sides of the glass part which has resistivity so that the formed area of 1 x 1 cm2. Scotch 
tape can also be useful to control the thickness of the paste of TiO2 if you want to paste more thick on 
the surface of the glass so the scotch tape can be stacked in layers according to need.  

The TiO2paste deposition on an area that has been made on conductive glass with the method of 
the doctor blade, namely with the help of the stirring rod to flatten the paste of TiO2 on the substrate 
starting from the ends of the frame. Then the glasses transparent conductive that has been coated with 
a paste of TiO2 is dried in a furnace at a temperature of 4500C for 30 minutes. This process aimed to 
foster porosity and forming a contact adhesive which is better between the solution with the substrate 
glass FTO. 
 Conductive glass which has been deposited with TiO2 paste and has been heated then soaked in 
dye solution for approximately 24 hours, then the TiO2 layer on the conductive glass will become 
green. In this process, chlorophyll adsorption occurs on the surface of TiO2. 
 Furthermore, clathrin solution was applied to TiO2 and dye layers with variations in concentration 
levels of 25%, 50% and 75% towards TiO2. Then the electrolyte solution is dropped on the TiO2/dye/ 
clathrin layer. 
 The final step in the manufacture of DSSC is to unite both substrates. The carbon-catalyzed 
counter-electrodes are then placed on top of the TiO2/dye/clathrin/electrolyte layer with a sandwich 
structure where each end is offset by 0.5 cm for electrical contact. Then so that the cell structure is 
firmly clamped with a binder clip on both sides. Furthermore, the DSSC has been made ready to be 
tested. 
 Tests carried out on DSSC, namely electrical current testing to determine the changes in electric 
current that occurs in DSSC. 
 
3. Results and discussion 
Electric current testing aims to determine the changes in electric current that occurs after the addition 
of clathrin concentrations of 0%, 25%, 50% and 75% in DSSC. 
 The results of testing the electric current for each concentration of addition of clathrin protein can 
be seen in Figure 4 and Table 1. 

 

Figure 4. Comparison of electric current for each clathrin concentration. 
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Table 1. Test Results for Electric Current for Each Clathrin Concentration 
Clathrin 0% 25% 50% 75% 

Electricity currrent 
(mA) 

0.353 0.917 2.643 5.247 

 
 Testing of electric current in DSSC with the addition of clathrin protein 0%, 25%, 50%, and 75% 
is done by measuring the change in electric current that occurs under the illumination of halogen 
lamps 1000 W/m2. The results of testing the electric current for each addition of clathrin protein 
concentration can be seen in Figure 4 and Table 1. 
 From Figure 4 and Table 1, it can be seen that the increase in the amount of clathrin protein 
concentration added to the DSSC caused an increase in the electric current produced. The highest 
electric current value in DSSC is the addition of 75% protein concentration with an electric current 
value of 5.247 mA. 

 The increase in the value of the electric current in DSSC is due to protein molecules which are 
added on DSSC fill the gap or empty space on the TiO2 resulted in contact between the TiO2 particles 
becomes better and the displacement of the electrons becomes the maximum because can through all 
the parts of the semiconductor TiO2.  
 
4. Conclusion 
Based on the results and discussion of this study, we can conclude that increasing the amount of 
clathrin protein concentration added to DSSC causes an increase in the electric current produced. The 
highest electric current value in DSSC is the addition of 75% protein concentration with an electric 
current value of 5.247 mA. 
 Increasing the value of electric current in DSSC due to clathrin protein molecules added to DSSC 
filling in the gap or empty space in TiO2 so that they can reduce the resistance of electric current flow 
resulting in an increase in the electric current produced. 
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