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Abstract. The increase in energy demand and reduced energy reserve, other alter-
native energy sources that are more environmentally friendly are needed, one of
which is solar cells. Among several types of solar cells, Dye Sensitized Solar Cell
is a type of solar cell that can produce electricity more efficiently. One of the ways
to optimize DSSC efficiency is by modifying the counter electrode. PAN and rGO
were selected and investigated for their characteristics because they can potentially
develop high-efficiency DSSCs. The PAN-rGO counter electrode was prepared by
screen printing with various PAN 5%, 10%, and 15% against therphinol solvent
and characterization of the structure, morphology, optical properties, and DSSC
efficiency using XRD, SEM-EDX, UV-Vis, and solar simulator I-V. The analysis
results confirmed that increasing the concentration of PAN decreased crystal size
and reduced particle size distribution and band gap values. The sample’s highest
efficiency value was recorded at a PAN concentration of 15%, which is 1.47% in
the wavelength range of 325 nm with band gap energy of 3.83eV and particle size
distribution of 162.15 nm. This result shows that PAN-rGO as a counter electrode
can successfully be applied to DSSC.
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1 Introduction

Energy is crucial in meeting human needs, which are increasing over time, so energy
availability, especially from fossils, will be increasingly depleted. To overcome these
problems, alternative energy is needed from other sources, including solar cell energy [1,
2]. Based on its development, solar cells are divided into three generations: silicon-based
solar cells, thin-film-based solar cells, and Dye-Sensitized Solar Cells.
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DSSC has several advantages, including having a low price, being easy to fabricate,
being flexible, and having a high-efficiency performance [3, 4]. Researchers have paid
close attention to the various potentials of theDSSC to conduct intensive research, result-
ing in rapid developments in the performance of the DSSC [5, 6]. DSSC consists of five
main components, namely a metal oxide semiconductor superimposed on a conductive
substrate (FTO), a photoanode, a dye attached to a metal oxide semiconductor (dye), and
a redox pair electrolyte and a counter-electrode which are very important in determining
the efficiency.

The counter electrode is one of the important components in the DSSC regulation
process. It acts as a mediator for the electrolyte reduction process after the oxidation
reaction of the dye with the electrolyte [7]. Platinum (Pt) is the most frequently used
material for counter electrodes because of its electrocatalytic activity and high-efficiency
results [8, 9]. However, Pt is an expensive and limited material [10]. Then another
material is needed to replace Pt; namely, PAN composited with rGO, where the orbitals
in PAN–rGO will overlap each other so that electron excitation can occur repeatedly to
suppress recombination and good catalysis [11–13].

Research using materials NiS-rGO, rGO-NiCo2S4, PAN-CoS, rGO(3DGNs), and
CoNi2S4 as Counter Electrode showed DSSC efficiency reached, respectively 9.5%,
8.15%, 7.41%, 9.79%, 9.22% [14–18]. In addition, the metal oxide TiO2 is attractive
when combinedwith PAN-rGO because it can increase electron transport, which quickly
reduces charge recombination so that it can increase the value of the current generated
by solar cells [19]. This study aims to determine the effect of the concentration of PAN-
rGO as a counter electrode on the structure, morphology, absorbance, and efficiency
of DSSC. So far, many studies have not been on DSSC with PAN-rGO as a counter
electrode. Therefore, research on the effect of PAN concentration on the characteristics
and performance of TiO2/N719/PAN-rGO-based DSSCs needs to be done.

2 Method

2.1 DSSC Fabrication

Making DSSC begins with cleaning the FTO glass substrate with ethanol and then
soaking it in soap and demineralized water for 15 min each. After that, the cleaned FTO
glass was coated with mesoporous BL/TiO2 using a spin coating method with a speed
of 3000 rpm and T-61 screen printing and then heated to 500 °C each. Then soaked in
Dye N719 for 24 h. Preparation of 0.7 mM Dye N719 was produced from 0.0085 g and
10 mL of ethanol pa, which was dissolved at 300 rpm for 3 h. The TiO2 film was dyed
in the dark for 24 h and then connected to a temperature of 500 °C for 30 min.

The synthesis of PAN/rGO was started by grinding PAN/rGO using a mortar with
several variations of PANconcentration (5%, 10%, and 15%of the solvent) and 2mg rGO
mass for 30–60 min and then dripped with therphinol to make a paste (homogeneous).
PAN-rGO as a paste was coated onto FTO using the screen printing method and then
sintered at 100 °C to 400 °C for 15 min each. The layers are arranged to form a DSSC
device and dripped from TDE mosalyte electrolyte to be tested I-V (Fig. 1).
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Fig. 1. Sandwich Structure for Dye-Sensitized Solar Cells

2.2 Characterization

Structural characterizationwas doneusingXRDtodeterminegrain size, crystallinity, and
crystal structure. Characterization of SEMmapping to determine the surfacemorphology
and the distribution of nanoparticles andEDX to detect elements contained in the sample.
UV-Vis characterization to determine optical properties. The conductivity material was
obtained using the IV-2 probe test set to determine parameters such as Isc, FF, Jsc, and
Voc so that the efficiency value of the DSSC will be obtained later.

2.3 Data Analysis

To analyze the crystal structure of the XRD results using the Rietica application and
then refinement. Data processing using the Debye Scherrer equation in Eq. (1)

D = kλ

βcosθβ

= kλ

FWHM (rad) × cosθβ

(1)

There D is the crystal size, k is the Scherrer constant (0.9), λ the wavelength of the
light (0.15406 nm), FWHM and angle percentage.

To determine the morphology obtained from the results of SEM-EDX character-
ization. The process of data analysis is done using ImageJ software and OriginPro8
software.

UV-Vis characterization produces a graph of the relationship between (αhv)2 and hv
with a band gap to get the band gap value of the film sample used. Band gap will be
calculated based on Eq. (2) for direct and Eq. (4) for indirect [20].

αhv=A(hv − Eg)
1/2 (2)

αhv=A(hv − Eg)
2 (3)

With α absorption coefficient, hv is the photon energy, A is Constanta, and Eg is the
Band gap.
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The results of the I-V characterization obtained the current-voltage and power-
voltage curves of the samples from the synthesis. By using Eq. (5), solar cell efficiency
is obtained

FF = VmIm
VOCISC

(4)

Obtained solar cell efficiency

η = Pout

Pin
= VOCISCFF

FF

η = VmIm
SF

(5)

3 Result and Discussion

3.1 PAN-rGO Structure Crystal from XRD

XRD characterization is used to analyze the structure, size, and phase of the crystals
formed in a material. In XRD characterization, the Cu-Kα wave has a wavelength of
1.54060 with a diffraction angle range between 10–90°. The results of X-ray diffraction
characterization in the form of a graph of the diffraction pattern on PAN nanocomposites
with rGO concentrations between 5, 10, and 15% can be seen in Fig. 2.

The diffraction pattern formed is dominated by an amorphous arrangement showing
activated carbon (rGO) structure. The diffraction peaks of rGO are shown at angles 2θ =
24.50° and 44.88° with the hkl planes (002) and (100) [21, 22]. Besides, the diffraction
peak at an angle of 2θ = 17.02° with the hkl plane (110) shows the diffraction peak
of PAN [23, 24]. In the three thin film samples with concentrations between 5, 10, and
15%, the diffraction peaks of the material were not very visible.
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Table 1. Crystal Size

Sample FWHM
(rad)

2 θ (◦) Crystal Size

PAN-rGO
5%

0,00542 24,55 26,18

PAN-rGO
10%

0,00546 24,68 25,91

PAN-rGO
15%

0,00558 24,86 25,44

From the results of data analysis to determine the crystal size by entering the FWHM
and values in Eq. (1), the crystal size in PAN-rGO can be seen in Table 1.

The crystal grain size is at a concentration of 15% at 25, 44 nm, and the largest is at
5% at 26, 18 nm. This indicates that increasing the concentration of PAN decreases the
crystal size.

3.2 Morphology from Results SEM

Themorphologyof thePAN-rGOcounter electrode and its distribution canbeobserved in
Fig. 2. SEM took the surface area of the PAN-rGO counter electrodewith amagnification
of 50,000x. A PAN-rGO counter electrode micrograph revealed an irregular shape and
agglomeration (collection of elements in one point). From SEM, it can be seen that the
concentration of 5% PAN in sheet form is higher than other PAN concentrations. From
the Figure, it can be seen that the PAN-rGO composite can cause clumping in the sample.
Clumps (also called aggregation) can appear because when mixing rGOwith PAN using
terpineol as a solvent and the wet mixing process that may occur does not take place
evenly. As a result of this phenomenon, particles that have the same charge will most
likely gather into one group. The analysis results were initiated by the study reported
by [25]. Figure 3, shows the porosity value of PAN-rGO composite, whereas the PAN
concentration increases, the porosity value decreases.

The particle size distribution and porosity can be seen in Table 2.
The analysis of the EDX results showed the percentage by weight and percentage of

atomic phases contained in the PAN-rGO film sample shown in Fig. 4, where the most
absent were C, N, and O.

3.3 The Optical Properties from UV-Vis Characterization

The optical properties of PAN/rGOwere characterized using a UV-Vis spectrophotome-
ter. The light absorbed at a certain wavelength is related to the energy required for
electrons to excite from the valence band to the conduction band [26]. Figure 5. Shows
absorbance and wavelength range of PAN-rGO. The band gap value is related to the
electrical conductivity produced; the greater the conductivity value, the smaller the band
gap value [27, 28]. The value of the band gap can be analyzed using the Tauc Plot method
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Fig. 3. Morphology of PAN-rGO and Particle Distribution at PAN concentrations (a) 5% (b) 10%
and (c) 15%

Fig. 4. Porosity value of PAN-rGO at PAN concentrations (a) 5%, (b) 10%, and (c) 15%
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Table 2. Distribution of mean particle size and porosity

Concentration PAN Distribution of mean particle (nm) Porosity (%)

5% 178,78 72,2

10% 172,06 71,8

15% 168,15 69,8

Fig. 5. PAN-rGO EDX results at concentrations of PAN (a) 5%, (b) 10%, (c) 15%

by making hv and (αhv) 1/2 curves. The maximum absorbance occurs at a wavelength
of 325 nm, indicating a band gap energy of 3.83 eV.

Band gap values are presented in Table 3.
In previous studies, the value of the PAN band gap reached 3.92 eV [29], while

the band gap value for rGO ranged from 1.4–3.3 eV [30]. Figure 6 shows that adding
PAN mass can reduce the value of the PAN-rGO band gap. The band gap value of rGO
increased after being composited with PAN.

3.4 DSSC Efficiency from I-V Characterization

The photovoltaic properties of TiO2/N719/PAN-rGO devices were tested using a solar
simulator I-V to get the efficiency value of light conversion into electrical energy. The
DSSC system consists of a TiO2 semiconductor composite material as a photoanode
with N719 dye as a dye and PAN-rGO as a Counter Electrode connected to a single
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Fig. 6. Absorbance and band gap energy of PAN-rGO at PAN concentrations (a) 5%, (b) 10%
and (c) 15%

Table 3. Band gap values of PAN-rGO with variations in the concentration of PAN.

Concentration PAN Energy gap (eV)

5% 3,89

10% 3,85

15% 3,83
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Fig. 7. Shows the relationship between PAN concentration and band gap
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diode circuit which is illuminated by a xenon lamp with an intensity of 100 mW/cm2.
Efficiency is measured in a geometric area of 0.25 cm2.

The following are the characteristic IV parameters which are shown in Table 4.
Based on the results of the I-V test through characterization using a solar simulator,

the efficiency values for each concentration of PAN 5%, 10%, and 15%, respectively,
were 1.25; 1.28; and 1.47%.The highest efficiency valuewas found at PANconcentration
of 15%, which was 1.47% and Jsc of 8.92 mA/cm2, which was related to the crystal size,
morphology, and absorbance values possessed by these concentrations. At 15% PAN
concentration, the smallest crystal size is 23.37 nm; in the morphological structure,
there is less agglomeration so the smallest grain size distribution is 162.15 nm, and
the porosity is 63% the smallest. The efficiency of the device at PAN concentration of
15% showed optimum results; this indicates that the recombination rate in the system is
quite low. Figure 7(a). Shows I-V DSSC curves for all PAN-rGO concentrations, which
shows that increasing the concentration of PAN can increase the efficiency of PAN-rGO
as shown in Fig. 7(b). Efficiency value increases after composite (Fig. 8).

Table 4. Characteristic IV parameters

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

PAN-rGO 5% 2,25 0,58 9,02 0,24 1,25

PAN-rGO 10% 2,03 0,62 9,30 0,22 1,28

PAN-rGO 15% 2,32 0,61 8,92 0,27 1,47

(a)                                                                       (b) 
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4 Conclusions

PAN-rGO counter electrodes with various PAN concentrations have been identified.
Increasing the concentration of PAN in the solvent caused the crystal size to decrease
to 25, 44 nm. The morphology of PAN-rGO has irregular shapes, agglomeration occurs
(collection of elements in one point), and the particle size distribution decreases with
increasing PAN concentration values reaching 162.15 nm. Increasing the concentration
of PAN reduces the band gap value to 3.83 eV because the smallest grain size can
expand the counter electrode, so the electrical conductivity produced is quite high. High
electrical conductivity causes more electrons to be converted into electrical energy, so
the efficiency value obtained is quite high. The optimum efficiency value at 15% PAN
concentration is 1.47%. Based on the results of this study, it is proven that PAN-rGO
can be applied to DSSC based on BL/TiO2/N719/Electrolyte/PAN-rGO although the
resulting efficiency is less than optimal.
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