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Abstract. DSSC is a permanent alternative energy device in the form of envi-
ronmentally friendly photoelectrochemical as a renewable energy source. So, the
Efficiency of DSSC is still varied and relatively low. Therefore, in this study, a
study was conducted on the effect of the composition of rGO/TiO2 as a photoan-
ode on the performance of DSSC. This research was carried out in four stages,
namely deposition of blocking layer BL-1 with spin coating method, manufacture
of mesoporous (x)rGO/TiO2 composite by screen printing method with (x)rGO
mass of immersion of thin film (x)rGO/TiO2 with dye, and fabrication of DSSC.
The characterization used in this research is X-Ray Diffractometer (XRD) to
determine the crystal phase, crystal size, and crystal structure, Scanning Elec-
tron Microscope-Energy Dispersive X-Ray (SEM-EDX) to determine the surface
morphology and constituent elements of the sample, Fourier Transform Infra-Red
(FTIR) to determine the functional groups, UV-Vis, and I-V tests to determine the
optical properties and performance ofDSSC. TheXRDdata analysis of the sample
(x)rGO/TiO2 showed that the TiO2 in the sample had a tetragonal crystal system
rutile phase. The SEM results showed that the morphology of the (x)rGO/TiO2
film was porous with the highest porosity of 83% so that it could increase dye
absorption. Based on the UV-Vis results, the lowest band gap energy was 3.21 eV.
DSSC performance based on the results of the I-V test analysis showed increased
Efficiency if the concentration of rGO also increased, with the highest Efficiency
of 1.16%.
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1 Introduction

In this era, the need for energy for society continues to increase, and fossil energy
does not always meet these needs [1]. Thus, renewable energy sources are needed as
a way out in addition to the use of fossil energy [2]. Solar cells can be developed as a
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renewable energy technology [3]. Solar cells or photovoltaics are one of the devices that
can be used to convert solar energy into electrical energy. Photovoltaics have efficiencies
ranging from 6%-20% [4, 5].

With the development of solar cells to date, it has reached four generations. The
first generation is crystal silicon-based solar cells, namely monocrystal solar cells with
an efficiency between 16%-19% [6] and polycrystal solar cells with an efficiency of
13%-17% of the second generation, namely thin film solar cells [7], which have lower
Efficiency compared to silicon-based solar cells, the Efficiency ranges from 6%-9%
of the third generation, namely third generation solar cells [8]. Semiconductor-based
organic solar with nanostructure materials, a combination of organic and non-organic
materials [9], and the claim in the fourth generation is Perovskite Solar Cell with its
light absorption system by organometallic halide, which makes higher Efficiency but
with cheaper materials [10]. This type of organic solar cell is a Dye-Sensitized Solar
Cell (DSSC). DSSC can be called Gratzel Cell because it was invented by O’Regan and
Michael Gratzel in 1991 [3]. DSSC gets a lot of sympathy from the public because of
its low price, easy fabrication, and high efficiency [11].

The DSSC structure comprises eight TiO2 ori-plated materials as photoanode, dye
as sensitizers, electrolytes, and counter electrodes [12]. Photoanodes are an essential
component of DSSC because they have a function to store dye and can transfer electrons
[13]. Binary metal oxide-based materials such as materials tested for photoanode use
at DSSC [14]. Titanium Oxide semiconductor materials show as photoanode because
they produce DSSC efficiency quite well in size nanoparticles TiO2 have high chemical
stability, can transfer electrons high, and have a binding energy of (60 meV) as well
as the proper energy band structure for dye charge injection [15]. However, the crystal
structure of TiO2 electronmobility is low (0.1 – 4, causing recombination in the interface
regions cm2/Vs) in the photoanode layer [7, 21, 22]. In addition, modifications can also
be made to the surface composted with TiO2 Graphene Oxide (GO).

Graphene has good thermal, electrical, mechanical, and optical properties [16, 24].
Among various carbon-based materials, graphene and its derivative materials, such as
reduced graphene oxide (rGO) and graphene oxide (GO), can be an option because
they have good electrical and structural properties [1]. Using rGO-TiO2 composites
as a photoanode in DSSC has been shown to increase solar cell efficiency by 30%
of DSSC with pure nanoparticle photoanodes [18]. However, because it is difficult to
obtain pure, conductive graphene, a similar material is used, namely graphene oxide
(GO), which is then thermally reduced so that it becomes reduced graphene oxide (rGO)
[19, 20]. DSSC with FTO/Photoanode/Dye/Electrolyte/PT configuration using organic
dye from Germanium Flower produced the highest Efficiency of 0.00082%with an rGO
wt concentration of 15%. This Efficiency is still very low. This study studied the effect of
rGO- composition on DSSC performance. The DSSC configuration is TiO2 FTO/TiO2-
rGO/dye-Ruthenium/electrolyte/Pt/FTO. In the study, the rGO layer will be deposited
on and using TiO2 Ruthenium N-719 dye and add Blocking Layer BL-1 to the substrate.
Therefore, it is expected to be seen the influence of the composition of rGO-TiO2 as a
photoanade on its crystal structure, morphology, chemical bonds, optical properties, and
Efficiency.
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2 Method

In this process for washing the substrate is a beaker glass, disonicator, demineralized
water, acetone, ethanol, multimeter, and hotplate. The first step is to clean the substrate
with ethanol, put it on a beaker glass filled with soapy water, and condition the substrate
to be submerged and sonicated for 15 min. Replace the water with demineralized water
and sonicate for 15 min, and the substrate is drained with tissue. Then, heat the beaker
glass containing acetone at 60C using a hotplate, rinse the substrate on the beaker glass,
and dry it again with tissue. In the last step, we find the side with conductivity using a
multimeter and attach a capton on the side of the conductive substrate.

We are repositioning the BL-1 Blocking Layer paste on the FTO substrate by using
screen printing techniques (the size of the working area according to each characteriza-
tion). Then spin the coating at a speed of 3000 rpm for 30 s. Finally, gradually heat the
deposition substrate using a hotplate at 100 C, 300 C for 15 min, and 500 C for 30 min.

The manufacture of rGO-TiO2 nanocomposites begin by dispersing 2 ml with rGO
powder and dissolving using 0.5 ml of terpineol. The concentration of rGO against
pastes with various powder masses is (5 wt%, ten wt %, 15 wt %). Furthermore, paste
composted with rGO-TiO2 is deposited on the FTO glass substrate using screen printing
techniques. The layer deposited on the FTO is then heated using a hotplate at 100 C,
300 C for 15 min, and 500 C for 30 min in stages to produce nanoparticles which will
then be used as a photoanode layer in the DSSC (Fig. 1).

FTO glass and counter electrode that uses (Pt/Au) in stacked stacking. Then, the FTO
glass will be formed with a sandwich structure. The sandwich structure ensured that no
air or water entered the DSSC sample. Using surlyn (Meltonix 117–250) is placed in a
non-working area,with a thickness of 25 as a separator between theµm counter electrode
and the photoanode. Pt/Au deposited FTO glass is used as a counter electrode on solar
cells. Furthermore, the electrode layer is assembled with FTO glass coated with Pt/Au
or counter electrode and then pressed using a sealing machine to form a small hole. The
electrolyte (Mosaltye TDE-250) is injected or injected through the hole in the counter
electrode using a special injection. After the electrolyte enters the solar cell, the cell to
be tested is a vacuum. The standard DSSC structure in this study is FTO/BL/rGO-/TiO2
dye/electrolyte/Pt/FTO. The DSSC cells that have been arranged are ready to be tested
for electricity.

Fig. 1. Structure Divais DSSC
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3 Results and Discussion

3.1 rGO-TiO2 Layer Microstructure

The XRD test is carried out to determine the peak position; it can also identify the crystal
structure or crystalline phase in the material by determining the lattice parameters to
obtain the size of the crystals in the sample. XRD testing on DSSC was performed using
a sample of which the deposition rGO-TiO2 layer was patched up by FTO conductive.
DSSC was tested to observe the phase of the structure formed on the working electrode.
The results of the XRD test for various variations in rGO concentrations can be seen
below:

The characteristic curve XRD is shown in Fig. 2, indicating that this sample has a
TiO2 rutile crystal phase corresponding to the Joint Committee on Powder Diffractions
Standard (JCPDS) no 21–1276. The resulting crystal structure is also a TiO2 rutile crystal
phase with a tetragonal crystal system (lattice), with a space group I 41 / A M D with a
group point of 4 / mmm. Diffraction peak 2θ = 25.38◦, 26.49◦, 37.79◦, 47.22◦, 51.55◦,
61.66◦, 65.59◦ with miller indices (002), (110), (101), (111), (210), (211) and (220). The
comparison of the curve rGT01 to rGT05 peak peaks is almost no significant difference,
as seen in Fig. 2.

In Table 1, it can also be seen the crystal size in the rGO- TiO2 composite with each
rGO concentration. The highest peak was taken from the XRD test results to obtain the
crystal size. Determination of the crystal size using the approach of the Debye Scherrer
equation. The rGO-TiO2 spectrum shows TiO2 the highest peak characteristics at 2θ
= 37.79◦, 37.77◦, 37.30◦, 37.76◦, 37.78 with crystal sizes of ◦ 15.47 nm, 15.33 nm,
14.72 nm, 15.30 nm, and 15.42 nm, respectively. The five highest peaks identified indi-
cate the compound is TiO2 rutile dan, showing a peak rGO at 2 θ = 25.38 with the miller
index (002). (Peiris et al., 2018b). For the peak rGO, the crystallinity is lower than that

Fig. 2. XRD test results of rGO-TiO2 composite samples
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Table 1. FWHM Result Data and Crystal Size

Sample FWHM
(rad)

2theta Crystal Size

rGT01 0,2362 37,79 15,47

rGT02 0,2362 37,77 15,33

rGT03 0,1968 37,30 14,72

rGT04 0,2362 37,76 15,30

rGT05 0,2755 37,78 15,42

of the linity crystal, indicating only one peak. The highest peak is found in FWHM of
0.2362 with an angle 2θ = 37.79◦ and a crystalline size of 15.47 nm. In rGT03, the peak
value decreases compared to other peaks, so the crystal size also decreases; it is because
the sample can be contaminated with other impurities at the time of synthesis or testing,
but the resulting composite is pure and crystallizes well because no peak diffraction of
different compounds is detected.

3.2 Morphology of Surface Layer rGO-TiO2

SEM testing was performed to determine the morphology of the rGO-TiO2 surface
layer. SEM results are obtained from images of morphological structures at certain
magnifications. Morphological results for samples of each rGO variation TiO2 can be
seen in Fig. 2 with a magnification of 10000x.

Figure 3 is the morphology of a sample with a magnification of 10000x and looks
like the layer on the surface of the sample undergoing several fragments of layers with
a smaller particle distribution. It can also be observed to show that there are shown to
be fine sheets with almost the same particle distribution size. The sheets from SEM
characterization show the character traits of rGO according to the study results.

Figure 4, and morphology, it can be seen that composting rGO can cause clots in the
sample. The clot (also called aggregation) can appear because when rGO is mixed with
TiO2, those using terpineol solvents and the wet mixing process that may occur do not
occur evenly. As a result of that phenomenon, particles that have the same charge are
likely to gather into one group (group).

Because in this study, the mass of rGO-TiO2 is varied and remains, the particles tend
to be more significant to undergo aggregation (clumping). The analysis results were
initiated by research reported by [1]. Different morphologies also give rise to different
porosity values; the calculation of porosity values can be seen in Table 2 below the profit
of each sample:

The data in Table 3 shows that the porosity value is increasing by 83%, indicating
that the rGO-TiO2 material is porous, which can increase dye absorption.

Furthermore, the results of the EDX (Energy Dispersive X-Ray) test are to determine
the compounds or elements in the sample. The EDX results from each of the samples
that have been synthesized are as follows:
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(a)   (b)

(c)

Fig. 3. SEM micrograph for rGO/TiO2 samples with each magnification of 10000x: (a) rGT01
(b) rGT02 (c) rGT03

(a) (b)

Fig. 4. Surfacemorphology of rGO/TiO2 withmagnification differences: (a)magnification 5000x
(b) magnification 50000x

Table 3 shows that the sample comprises titanium, oxygen, and carbon elements. At
the same time, the percentage of atoms of titanium, carbon, and oxygen is different. The
ratio of oxygen and titanium elements should be 1: 1 in each sample, but in the results
of this test, it was found that the oxygen content was> 50%; this phenomenon is caused
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Table 2. The porosity of each rGO-TiO2 sample

Sample Porosity (%)

rGT01 79%

rGT02 81%

rGT03 83%

Table 3. The constituent elements of each rGO-TiO2 sample

Sample Elements Weight (%) Atomic (%)

rGT01 C K 8,34 15,05

O K 48,2 65,29

Ti K 43,4 19,66

rGT02 C K 3,68 7,53

O K 41,99 64,56

Ti K 54,34 27,91

rGT03 C K 6,04 11,84

O K 42,81 63,02

Ti K 51,15 25,15

because there is an O that binds to C, like the results in the FTIR test, which produces
C-O and C = O bonds.

3.3 Optical Properties of rGO-TiO2

UV-Vis spectrophotometry is performed to determine the value of the absorbance spec-
trum to light and the band value of the energy gap. Spectrophotometric measurements
that have been tested produce data in the form of absorbance values and wavelengths
of light (wavelength). The spectrum of UV-Vis uptake in the rGO-TiO2 sample can be
seen in Fig. 5:

Figure 5 shows absorption by an intense transition in the UVSpectrum region, which
is assigned to the absorption of the intrinsic band gap TiO2, resulting from the electron
transition from the valence band to the conduction band. Variations in rGO concentra-
tions in composites significantly affect optical properties and increase the intensity of
light absorption in the visible light region. The difference in absorbance intensity causes
the band value of the energy gap to differ in the results of each sample. The determi-
nation of the band gap using the Touc Plot method is a straight line drawn between the
multiplication of the absorbent energy and the coefficient absorbed against the photon
(Lee et al., 2019) so that the gap band value in each sample can be seen in Table 4:

Based on Table 4, the data for the smallest energy gap was obtained at 3.21 eV and
the largest at 3.43 eV. Then it can be said that the amount of rGO-TiO2 concentration
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Fig. 5. UV-Vis Spectrum Curve for each rGO- TiO2 sample mass

Table 4. Energy (h) band gap value in each sample

Sample Energy gap (eV)

rGT01 3,21

rGT02 3,26

rGT03 3,38

rGT04 3,41

rGT05 3,43

affects the resulting band gap value. According to the literature results, the energy gap
band in the anatase phase is 3.23 eV. The difference in the band gap results at the time
of calculation and literature is because semiconductor materials are composted with
rGO-TiO2 with concentrations of various variations.

The distribution of gap band values with literature was also obtained by (Merazga
et al., 2020) about the UV-Vis coating test to determine the band gap energy using the
Touc Plot method, based on the results that reported a TiO2 band gap energy value of
3.77 eV. In the data obtained, this study found the lowest n energy gap, which is very
close to the band gap value in the TiO2 anatase phase, which is 3.21 eV. The narrowed
band gap can be attributed to the chemical bond between rGO due to the formation of
the Ti-O-C bond.
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3.4 Effect of rGO-TiO2 Composition on DSSC Performance

Testing the electrical properties of DSSC to determine the electrical properties of the
DSSC sample, namely the Fill Factor (FF) value, Jsc, Voc, and Efficiency () of the DSSC.
These values can be known from the η current density (J) and voltage curve (V) obtained
from the data for the parameters of the DSSC standard device cells that have been tested
can be seen in Table 5:

From Table 5, it can be seen that Efficiency is increasing with the mass of rGO also
increasing. So, it can be seen that with the addition of rGO of 2 wt %, 4 wt%, 6 wt %, 8
wt %, and 10 wt %, Efficiency will also increase. When the trend is depicted in a chart,
it is as follows:

Figure 6, in tren above, was also obtained by previous studies that posited rGO-TiO2
if the concentration of rGO increases, then Efficiency also increases. The phenomenon
occurs because rGO-TiO2 acts as a TiO2 link of the porous layer. With the increase in
the concentration of rGO-TiO2 in, it can increase the surface area of the layer so that
the impact can increase the ability of the working electrode to absorb, dye. Then the

Table 5. Solar cell divais parameters with various sample variations

Sample Jsc (mA/cm2) Voc (V) Pmax (mW) FF η ( %)

rGT01 2,36 0,681 0,14 0,35 0,56

rGT02 2,40 0,568 0,18 0,32 0,73

rGT03 2,35 0,586 0,22 0,43 0,90

rGT04 2,48 0,589 0.27 0,38 1,10

rGT05 2,49 0,623 0,29 0,37 1,16

Fig. 6. Trend of adding rGO concentration to Efficiency in DSSC
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sunlight captured by the dye will be more, and the Efficiency of the DSSC array will be
significantly improved.

The case in the study (Lusi Safrani et al., 2021) based on the reported results for
the results of current-voltage measurements, the addition of rGO-TiO2 by 5wt% and
the coating has increased the Efficiency of solar cells by 28% compared to purely as
photoanodes. The presence of rGO-TiO2 in this also contributes to an increase in pho-
tocurrent so that electron transfer becomes easier during irradiation and can suppress
the recombination process in the layer interface.

4 Conclusion

A dye-sensitized solar cell based on rGO-TiO2 composite has been fabricated. The
addition of rGO in the TiO2 can reduce the recombination of existing. rGO help optimize
the transfer and charge separation process so that the greater the current generated. The
result of SEM rGO-TiO2 affects the stability and performance of DSSC, helping dye
absorption due to its porosity. The results showed that the rGO-TiO2 is a good material
composite.
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