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Abstract: .Dye sensitized solar cells based on natural dyes have been successfully fabricated using
single layer and double layer photoelectrodes of TiO 2. Single layer photoelectrodes have been fabri-
cated with TiO 2 nanoparticles (14 —40 nm). Meanwhile the double layer photoelectrodes have been
fabricated with TiO 2 nanoparticles (14 —40 nm) as bottom layer and subnano-particles (120 —140 nm)
as top layer. Gel electrolyte based on PEG 1000 has been utilized to increase the lifetime of DSSC.
This study was to investigate the characteristics of DSSC that have been fabricated from single and
double layer TiO 2 photoelectrodes. The results showed that the double layer photoelectrodes were
generally better than the single layer photoelectrodes, with the result efficiency of 0.38% and 0.25%,
respectively. The open circuit voltage (Voc), short circuit current (Isc), maximum power (Pmax) and
Fill Factor (FF) were measured at 310 mV, 638 pA, 71.5 uW and 36.18%, respectively, for the double
layer TiO 2 photoelectrodes. Meanwhile the open circuit voltage (Voc), short circuit current (Isc), max-
imum power (Pmax), and Fill Factor (FF) were 330 mV, 580 pA, 46.94uW and 24.52%, respectively,
wete achieved for the single layer TiO 2 photoelectrode.
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1. Introduction

The effects of CO2 emissions on the climate and the dwindling supply of fossil fuels have
prompted researchers to seck renewable energy sources. Of all renewable energy sources,
solar energy is ideal because it is readily available, quiet, and ubiquitous [1] . Solar energy can
be converted into electrical energy using solar cells or photovoltaics (PV) [2] .

Currently, PV technology available on the market uses inorganic materials that require
expensive production costs and are quite difficult to produce. On the other hand, there is
DSSC (dye-sensitized solar cell) technology that can be produced at a relatively low cost [3] .
DSSC consists of TCO (transparent conducting oxide) conductive glass, a semiconductor
layer, a dye to captute sunlight, a redox electrolyte, and a platinum layer [4] .

In this study we aim to make DSSC from natural materials such as natural dyes from
plants. In addition, we also use cheap and more durable materials such as the use of gel elec-
trolytes compated to liquid electrolytes that corrode faster so that the life of DSSC is not
long-lasting.

2. Literature Review

DSSC (Dye Sensitized Solar Cell) is a photovoltaic that converts light energy into elec-
trical energy. The concept used in DSSC is similar to the concept of photosynthesis in plants.
The parts of the DSSC are the photoelectrode consisting of I'TO glass coated with semicon-
ductors and soaked in dye. The part on the counter electrode consists of ITO glass that has
been coated with carbon. The photoelectrode and counter electrode are connected and elec-
trolyte is dripped in the middle [5] . When the DSSC is dried in sunlight and connected to
electrical equipment, the DSSC can produce electrical energy.
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2.1. ITO Glass

ITO (Indium Thin Oxide) glass is glass coated with I'TO to make it conductive or in
other words, it can conduct electricity [6] . Besides ITO glass, there is also FTO (Flourine
Doped Thin Oxide) glass [7] , but in this research we use I'TO as induction glass.

2.2 Electrode counter and electrolyte gel

In the manufacture of DSSC, the electrolyte solution serves as a substitute source of
electrons for dye electrons excited through the redox process [8] . This electrolyte solution is
dripped between the photoelectrode and the counterelectrode. The counter electrode is an
ITO/FTO glass coated with activated carbon [9] . Although liquid electrolytes can produce
higher efficiency, they have many disadvantages such as being easily spilled, corrosion that
reduces the service life of the cell. So we use an electrolyte with a polymer gel. For the counter
electrode, a cheap and easily obtained material is used, namely carbon graphite. In this study,
we used carbon from a 2B pencil that was finely ground and coated on the ITO glass.

2.4 Dye

DSSC uses dye experience And produce efficiency high . However dye experience often
cause problem like channel sufficient synthesis complicated If We want to separate compo-
nent dye [10] . In addition that , dye experience can found on flowers , leaves And fruit .
Because easy found , no poisonous And easy outlined , dye experience become Wrong One
object a lot of research used [11] . By Because that , some dye experience often used as a
sensitizer such as anthocyanin , curcumin , cyanine , chlorophyll , carotene And others [12] .

Single dyes are responsible for capturing light. The disadvantage of single dyes is that
the light captured is limited to a specific wavelength group. Therefore, using multiple dyes
simultaneously can broaden the wavelength absorption range to absorb more light, resulting
in higher efficiency [13] . In this study, we used a mixture of three natural dyes as a sensitizer.

2.4 Semiconductors

The addition of large particles is used as a layer to scatter the light captured on the pho-
toelectrode where the scattering layer is deposited above the main electrode layer to produce
a double layer structure. A large surface area on the TiO 2 photoelectrode is needed to increase
photon absorption so that it can produce high currents [14] .

Several studies have attempted to increase the surface area of TiO 2. However, smaller
nanoparticles reduce the light scattering effect, causing light to pass through the photoelec-
trode without interacting with the dye. Conversely, the use of nanoparticles is needed to re-
duce the dye capacity loading on the photoelectrode [15] .

To balance these two needs, researchers made a design based on the aggregation of the
second structure where the photoelectrode can have both functions so that it can capture
more photons. In addition to TiO 2 nanoparticles, TiO » nanorods, nanowires, nanotubes,
nanosheets and core-shell structures are also used in DSSCs to study their performance [16]
. However, they still have performance below TiO 2nano, so in this study TiO 2 nanoparticle
semiconductors were used.

3. Method
3.1 Materials

subnano TiO 2 powder from Merck, HCL 2M 37%, TiCl 3, NH 4 OH 25%, polyethylene
glycol (PEG) 1000, iodine, ethanol, acetic acid, chloroform, carbon, distilled water, 98% al-
cohol, chlorophyll dye, curcumin and anthocyanin.

3.2 Synthesis of TiO 2 nanopartictes

Synthesis of TiO 2 nanoparticles was obtained using the corestipation method. First, 50
ml of distilled water was mixed with 20 ml of 2M 37% HCI and 20 ml of TiCl 3. Stir using a
magnetic stirrer for 30 minutes. After mixing, add 50 ml of 25% NH 4 OH, stir again for 60
minutes. Cover the mixture, then let it stand at room temperature for 1 day. Rinse the solid
formed with alcohol, dry it until it becomes TiO 2 nanoparticle powder [17] .
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3.3 Preparation of dye, electrolyte and counter electrode

Prepare a 3-color dye mixture, namely chlorophyll, curcumin, and anthocyanin with a
ratio of 1:1:1. The electrolyte gel is made using PEG 1000 dissolved in a chloroform solution
mixed with iodine and KI. Stir the mixture with a magnetic stitrer at a temperature of 80° C.
The electrode is made by coating I'TO glass with granite that is fired using a small flame [18]

3.4 DSSC Fabrication

The ITO glass substrate was washed thoroughly using alcohol, then coated with TiO »
nanoparticles in paste form using the doctor blade method. The photoelectrode was heated
at 450°C for 30 minutes and then cooled at room temperature for 5 hours. For the double
layer photoelectrode, after the first coating with nanoparticle paste, it was coated again with
a layer of TiO zsubnanoparticle paste using the same method and steps as the first layer. Next,
the photoelectrode was soaked in a mixture of 3 dyes at room temperature and in the dark
for 24 hours and then cleaned using ethanol. Finally, a gel-shaped polymer electrolyte was
dripped between the photoelectrode and the counter electrode [19] .

3.5 DSSC Characterization

The voltage and current measurements generated by the DSSC were carried out under
daylight without the UV filter of the AR layer. The performance of the DSSC with an area of
1.5 cm 2was calculated using the equation:

n= —F;"* X 100 )

FF = ‘maxhmax 5 199 @

“ocdsc

Where Jsc is the current (A/m 2), Voc is the voltage, Pin is the power of the incident
light, FF is the fill factor, (125W/m 2). FF is the fill factor, 7 is the efficiency of energy
conversion in the DSSC, Jmax (A/m 2) and Vmax (V) are the maximum cutrent and voltage

(20] -

4. Results and Discussion

Semiconductor TiO 2 nanoparticle powder and TiO » sub-nanoparticle powder have
been characterized using X-ray diffraction and MAUD (material analysis using diffraction).
The test results are shown in Figure 1, both TiO 2 nanoparticle powder and TiO 2 sub-nano-
particle have 100% anatase phase. The magnitude of the diffraction peak protrusion indicates
smaller crystallites, this is evidenced by the size of the nanoparticle crystallite of 14 nm and
sub-nanoparticle of 125 nm [21] .

Single-layer photoelectrodes are coated only by TiO 2 nanoparticles, while double-layer
photoelectrodes are coated with a layer of nanoparticles and a layer of subnanoparticles in the
second layer. In general, small nanoparticles have a larger surface area, providing sufficient
space for the dye so that it can absorb more light to increase Jsc.
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Figure 1. Refinement results from MAUD a) TiO 2 nanoparticles and b) TiO 2 sub-nanoparticles.

However, according to theoretical approaches, the diameter of the scattering particles
should be close to half the wavelength of light with a crystallite size of more than 100 nm for
better light scattering effect. We use large particles to be able to scatter light [22]

The next problem for double-layer photoelectrodes is the effect of thickness on DSSC
characterization. If the photoelectrode uses a thin layer, then the number of TiO 2paricles s not
as much as a photoelectrode with a thick layer which can result in the least dye absorption on
the photoelectrode, this causes a decrease in the efficiency of photovoltaic performance [23]
. Therefore, the ideal thickness for a photoelectrode is between 10 pm - 20 pm]. From this
problem, we tried to control the thickness using a thin template with a thickness of 10 um.
After the photoelectrode was heated and cooled, the thickness was checked using a Microsoft
computer. The thickness of the single-layer photoelectrode was 13 um and for the double-
layer photoelectrode was 23 um.
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Figure 2. Characteristics of DSSC with single layer and double layer photoelectrodes

The photovoltaic performance of DSSC with single layer photoelectrode and double
layer photoelectrode was measured at 125 W/m2 » shown in Figure 2. DSSC with single layer
photoelectrode produces Isc (short circuit current) of 580 pm, this value increases for double
layer photoelectrode up to 638 um. On the other hand the open circuit voltage (Voc) value
decreases from 350 mV single layer to 310 mV for double layer. In double layer dye absorp-
tion has a larger amount due to the presence of nanoparticles which are responsible for the
high surface area and high porosity of the presence of sub-nanoparticles which also increases
the increase in light scattering effect. Meanwhile the decrease in Voc is due to the higher
thickness and larger surface of the double layer photoelectrode. Voc is determined by the
difference between the quasi fermi level of TiO2 44 the potential of the I-/13- redox couple
in the clectrolye and thus depends on the recombination rate and the position of the TiO2 band
edge. In double layer photoelectrodes there are more sites for surface charge trapping on
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TiO2, which causes a decrease in Voc. Therefore the double layer efficiency is 0.38% higher
than the single layer 0.25%.

The efficiency value in this study is not as high as compated to DSSC in other studies
[24] because in this study we used natural dyes and gel-electrolytes. Dyes sensitized from
organic dyes have better efficiency performance, because the bond with organic dyes (espe-
cially Ruthenium dyes) is stronger than those bound to natural dyes [25] . Thus otganic dyes
can produce more electrons. Liquid electrolytes can produce higher efficiency values, because
the electrolyte's task is to regenerate oxidized and reduced dyes, which can be charged faster
than gel electrolytes due to the rapid mobilization of liquid electrolyte particles. However, this
work aims to make low-cost and long-lived DSSCs, therefore we use natural dyes and gel-
electrolytes.

6. Conclusion

A study has been conducted on the photovoltaic performance of single-layer photoelec-
trodes and double-layer photoelectrodes. The performance of double-layer photoelectrodes
has a higher efficiency of 0.38% than that of single-layer photoelectrodes with 0.25%. Alt-
hough the Voc from single to double layers decreases due to the higher thickness, the perfor-
mance is still better because double-layer photoelectrodes have a higher Isc value caused by
the larger amount of dye absorption and the increased light scattering effect. The efficiency
value is still lower than other studies because we used natural dyes that have poor bonding
with TiO2 a4 slower particle mobilization from the gel electrolyte.
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