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Abstract

Dye-sensitized solar cells (DSSC) are photoelectrochemical, alternative energy source devices that convert light energy into
electricity. In this study, DSSC with various concentrations (0.1, 0.5, and 1.0 mM) of N719 dye have been successfully prepared
using simple steps. The X-ray diffraction results of the TiO, film showed that it is polycrystalline with an anatase phase (tetragonal
system) having a crystallite size of about 20 nm. The absorbance spectrum of the TiO, film and N719 dye at various concentrations
was recorded by ultraviolet-visible (UV-Vis) spectrophotometer. The bandgap energy of the TiO, film calculated by Tauc’s
formula was ~3.1 eV. The DSSC prepared using the N719 dye concentration of 1 mM achieved the highest conversion efficiency
() of 0.298 %, respectively. Subsequently, the enhancement in efficiency was ~86 % compared with the conversion efficiency of
DSSC prepared with an N719 dye concentration of 0.1 and 0.5 mM.
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1. INTRODUCTION

The world's increasing consumption of fossil
fuels, resulting in pollution of the environment and
global warming, has led to more interest in
renewable energy sources and their technology [1].
Dye-sensitized (DSSCs)  are
photoelectrochemical, alternative energy source

solar  cells
devices that convert light energy into electricity [2]
[3]. DSSCs were first proposed by O’Regan and
Gritzel in 1991 [4][5]. DSSCs typically consist of
nanocrystalline titanium dioxide (TiO,) photoanode
film, dye molecules, redox electrolytes, and a
counter electrode in a sandwich structure as shown
in Figure 1 [6]. Solar radiation is absorbed by the
dye resulting in the injection of holes and electrons
inside the electrolyte and the TiO,
respectively [7].

Fossil fuels have a significant environmental
impact, primarily through emissions of greenhouse
gases (GHGs) such as carbon dioxide (CO.),
methane, and nitrous oxide [8]. Emissions from

layer,
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fossil fuel combustion contribute an estimated 37.4
billion tons of CO: in 2024, reaching a historic high
[9]. These emissions are accelerating climate
change, resulting in increased global temperatures
and extreme weather events [10]. In addition, fossil
fuel exploration and extraction activities cause land
degradation, biodiversity loss, and water pollution
from oil spills and the massive use of water in
extraction processes such as fracking [11].

Air pollution from fossil fuel combustion, such
as sulfur dioxide and fine particulates, has negative
impacts on human health, including an increased
risk of respiratory diseases [12]. In addition, about
44% of GHG emissions remain in the atmosphere,
affecting terrestrial and marine ecosystems, while
the remainder is absorbed by oceans and land,
which are beginning to show a decline in their
absorption capacity [13]. These challenges
highlight the need for a rapid transition to
renewable energy and the application of mitigation
technologies such as carbon capture to reduce
overall environmental impacts [14].

The injected electrons and holes move through
TiO, and electrolyte to the electrodes and are
collected in the external circuit [15]. DSSCs have
attracted considerable attention in recent years
because of their low cost, simple fabrication, high
incident solar light-to-electricity =~ conversion
efficiency, colorful natures, and potential economic
advantages [3][4].

One of the important parts of DSSCs is the dye.
The Ru complexes used in DSSCS have shown
quality photovoltaic characteristics which led to
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Figure 1. Dye-sensitized solar cell structure [22].

higher than 10% solar cell laboratory conditions
[16][17]. The most used dye sensitizers with high
photo and chemical
(isothiocyanate-bis

stability are '"cis-bis

(2,2’-bipyridy1-4.,4'-
dicarboxylate)ruthenium(II) bis-
tetrabutylammonium” (N719). The N719 dye
contains 2 carboxylic acids and 2 carboxylate
(-COOH and COO-) whereas the
carboxylate functional groups act as joining agents
to immobilize the dye on the nanocrystalline TiO,
surface [18][19]. The adsorption of N719 by the
TiO, layer alters the electronic communication

groups

between the layer and the electrode, which is an
important feature in DSSC [20][21].

This work aims to prepare a dye-sensitized solar
cell by the spin-coating method and study the effect
of dye concentration on solar cell efficiency. N719
dye, a ruthenium-based photosensitizer, continues
to be a cornerstone in DSSCs due to its high
photostability and effective light absorption across
the visible spectrum [23]. Recent advancements
focus on enhancing the interaction of N719 with
semiconductor layers such as TiO: to improve
electron injection and light harvesting efficiency
[24]. Innovations include co-sensitization strategies
where N719 is combined with organic dyes to
broaden light absorption and increase energy
efficiency [16]. Additionally, the
integration of mnovel redox electrolytes and
advanced counter electrodes aims to mitigate

conversion

electron recombination and stabilize device
performance, achieving efficiencies exceeding 11%
under standard illumination conditions [25].

However, challenges remain. The reliance on
ruthenium makes N719 costly and raises
sustainability concerns due to the metal's limited
availability [26]. Furthermore, the long-term

stability of N719-based DSSCs under operational
conditions, such as exposure to UV light and heat,
poses hurdles for commercialization [27]. Efforts to
address these include exploring alternative, cost-
effective organic dyes with similar or improved
properties and developing encapsulation techniques
to protect the dye from degradation [28]. These

strategies aim to strike a balance between
efficiency, cost, and scalability in DSSC
technologies.

2. MATERIALS AND METHODS

2.1. Fluorine Doped Tin Oxide (FTO) Cleaning
Alcohol 70% poured on the glass of chemical as

much as 100 mL. The 2.5 x 2.5 cm FTO glass to be

cleaned is

inserted into a glass containing

chemicals. Ultrasonic cleaner was filled with
distilled water to the specified limits. The chemical
glass containing alcohol and FTO glass is inserted
into an ultrasonic cleaner for 30 min. After that, the
glass is dried using a hairdryer. Then resistance to
the FTO glass using a digital multimeter [29].

FTO cleaning is performed in stages to ensure its
optimal performance in applications such as DSSC
[30]. The process typically starts with a wash using
a detergent or mild alkaline solution, such as
NaOH, to remove any oil, dust, or organic
contaminants that have adhered during storage or
manufacturing [31]. Then, the substrate is immersed
in an alcohol or isopropanol solution to remove
residual grease or water-insoluble organic
contaminants [32]. This step is followed by rinsing
in deionized water to avoid precipitation of ions that
could affect the conductivity of the FTO [33].
Finally, the substrate is often dried in an oven or

with nitrogen air to prevent stain formation or
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further oxidation [34]. Each of these steps aims to
ensure a clean surface, improve active film

adhesion, and maintain the optoelectronic
performance of the FTO.
2.2. Electrodes Preparation

The working electrode is made of FTO

conductive glass on which the TiO, nano paste is
deposited by the spin coating technique. In FTO
glass measuring 2.5 x 2.5 cm formed an area for the
deposition of TiO, measuring 2.0 x 1.5 cm above
the conductive surface. The FTO side taped the tape
as a barrier. The TiO, paste is dripped on the FTO
glass that has been glued in the spinner and then
stirred at a speed of 200-300 rpm with a
predetermined time. The coated TiO, FTO glass is
heated using a hotplate at 500 °C for 60 min, then
cooled to room temperature [35]. The scheme of the
TiO, paste deposition area is shown in Figure 2.

2.3. Counter Electrode Preparation

The counter electrode is an FTO conductive
glass that has been coated with a thin layer of
platinum (hexachloroplatinic(IV) acid 10%). The
steps of making the opponent electrode are 1 mL of
Hexachloroplatinic(IV) acid 10% mixed with 207
mL of isopropanol and then stirred using a vortex
stirrer with a speed of 300 rpm for 30 min. The
FTO glass was heated using a hotplate at 250 °C for
15 min then spilled 3 mL of the platinum solution

onto the surface of the FTO glass substrate by the
drop method [36]. The glass that has been dropped
platinum is then cooled to reach room temperature.
The scheme of the platinum deposition area is
shown in Figure 3.

2.4. DSSC Sandwiching

The arrangement of DSSC layers of FTO glass
that has been coated with TiO, and has been
immersed in dye solution of extraction result is
called the working electrode. The working electrode
is dropped by an electrolyte solution and then
covered with a platinum-coated glass called the
opposing electrode. Then the DSSC arrangement is
clamped with a clamp on both sides of the right and
left so as not to shift [29]. The finished DSSC
device is shown in Figure 4.

2.5. UV-Visible Characterization

A spectrophotometric method was used for the
simultaneous determination of B-carotene [19]. The
spectrophotometric method shows the potential for
B-carotene analysis because pigments can absorb
radiation in the visible region [37][38]. The content
of each extracted material was analyzed using a
Spectrophotometer UV Visible Shimadzu 1601 PC
to determine the absorbance properties of the
material. The wavelength range of absorption
spectrum analysis in visible light is 300-800 nm.
From the result of the measurement of absorbance

Depositionregion
TiO;

Figure 2. Schematic area of TiO, paste deposition.

Deposition region
(Hexachloroplatinic (1V) acid)

Figure 3. Platinum deposition area scheme.

Figure 4. Results of DSSC Compilation.
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Figure 5. UV-Vis absorption spectra of concentrations 0.1% of N719 dye.

characteristics then known the type of dye content
from natural material [19].

UV-Vis spectrophotometers are used to measure
the absorption of light by compounds in solution,
which provides information about electronic
transitions and optical characteristics [39]. The
wavelength range of 300-800 nm was chosen
because it covers both the near UV and visible light
regions, which are relevant for many optical
materials, including dyes, semiconductors, and
photovoltaic materials [40]. The UV region (300~
400 nm) is important for detecting electronic
transitions from valence electrons to higher energy
levels, while the visible region (400-800 nm)
measures the interaction of materials with light in
the human visible spectrum [41]. The selection of
this range also enables complete characterization of
the absorption properties of compounds such as
DSSC dyes, which often exhibit absorption peaks in
this range to maximize light capture efficiency [42].

2.6. Electrical Conductivity of Material

The conductivity measurements using Elkahfi
100 / IV-Meter were performed in a dark state by
covering all parts of the container using aluminum
foil and under irradiation using a 100 W halogen
light source and an energy intensity of 680.3 W/m®.
Halogen lamps are used because they have a full
spectrum that resembles visible light with sunlight
[43][44]. The result of the measurement of I-V then
determined the conductivity (o) of various
materials. To determine the conductivity of the
organic solution can use equation 1.

s=1/p=1/RA 1)

Where o is the conductivity (ohm™.m™), R is the
resistance (Ohm), | is the distance between the two
electrodes (m) and A is the cross-sectional surface
area of the electrode (m?). The I-V (current-voltage)
measurement setups on devices such as DSSCs are
performed under highly controlled conditions to
reproducible data [45].
Measurements are usually performed at room

ensure accurate and
temperature (around 25 °C) to reflect standard
laboratory conditions and maintain device stability
[46]. Lighting conditions must also be set using a
solar simulator, such as a xenon or halogen lamp,
calibrated at a standard light intensity of 100 mW/
cm? (equivalent to 1 sun) according to the AM1.5G
standard [47]. In addition, measurements were
performed in an environment without ambient light
(dark) to avoid interference from external light
sources [48]. During the measurement, the device
was placed in a fixed position with stable electrode
connections to minimize fluctuations during data
reading. These parameters ensure that device
characteristics, such as short circuit current (Isc),
open circuit voltage (Voc), fill factor (FF), and
overall efficiency, can be accurately measured.

3. RESULTS AND DISCUSSIONS

3.1. Optical Properties

Figure 5 demonstrates the UV—Vis absorption
spectra  of the N719 dye solution with
concentrations of 0.1 mM in the wavelength range
of (300-800) nm. From Figure 5, it can be observed
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that the increase in dye concentration leads to an
increase in absorbance. Moreover, the UV-Vis
absorption spectra show that the N719 dye has four
absorption peaks at ~320 and 560 nm.

The UV-Vis absorption spectrum of the N719
dye solution with a concentration of 0.1 mM shows
typical characteristics, where the absorbance
increases as the concentration increases. This is
consistent with the Beer-Lambert law, which states
that the absorbance is directly proportional to the
concentration of the solution and the path length of
the light. Four absorption peaks at around 320 and
560 nm describe specific electronic transitions in
the N719 molecule. The peak at 320 nm can be
attributed to the m-m* transition in the conjugated
organic ligand, while the peak in the 560 nm region
is related to metal-ligand charge transfer (MLCT,
metal-to-ligand charge transfer) from the ruthenium
metal center to the conjugated ligand, which is a
key feature in the performance of this dye as a
photosensitizer [49]. These spectra also show that
N719 is designed to effectively absorb light in the
visible region, with significant absorption peaks in
the wavelength region relevant to solar energy
absorption [50]. The increase in absorbance with
concentration indicates that the interaction between
the dye and light becomes more efficient, which
may increase the number of light-induced electrons
in the DSSC device.

Figure 6 illustrates the UV-Vis absorption
spectra of N719 dye solutions with a concentration
of 0.5 mM across the 300-800 nm wavelength
range. As the dye concentration increases, the
absorbance also rises, which aligns with the Beer-

Lambert law, confirming that higher concentrations
result in greater absorption due to the increased
number of dye molecules interacting with light. The
N719 dye exhibits four distinct absorption peaks,
notably around 320 and 560 nm. The peak at
approximately 320 nm is attributed to the n-m*
transitions in the conjugated organic ligands, while
the peak around 560 nm corresponds to MLCT
transition, a key feature that facilitates efficient
electron injection in DSSCs. This finding
corroborates research by Saehana et al. [51], which
also reported that N719's absorption spans the 250—
650 nm range, emphasizing the dye's broad light
absorption capability in both the UV and visible
regions. The absorption characteristics at these
wavelengths are crucial for maximizing light
harvesting efficiency, as they allow the dye to
effectively absorb a significant portion of the solar
spectrum. The in absorbance with
concentration further suggests that optimizing the
dye loading could enhance electron generation in
DSSCs, improving overall performance.

Figure 7 shows the UV-Vis absorption spectra of
the N719 dye solution at a concentration of 1 mM

increase

in the 300—-800 nm wavelength range. As observed,
the absorbance increases with dye concentration,
which is consistent with the Beer-Lambert law,
where higher concentrations lead to greater light
absorption due to the increased number of dye
molecules. The spectra reveal two significant
absorption peaks at approximately 320 and 560 nm.
The peak at around 320 nm corresponds to the w-*
electronic transitions of the organic ligands in
N719, while the peak at approximately 560 nm is

0.025 e

0.02 o

0.015 | n

Absorbance (a.u}

Wavelenght (nm)

Figure 6. UV-Vis absorption spectra of concentrations 0.5% of N719 dye.

258

[§) PANDAWA



J. Multidiscip. Appl. Nat. Sci.

02

Absorbance (a.u:

200 300 400 500

600 700 800 900

Wavelenght (nm)

Figure 7. UV-Vis absorption spectra of concentrations 1% of N719 dye.

associated with MLCT, a critical process for
efficient electron injection in DSSCs. These
findings align with research by Wu, which
demonstrated that DSSCs using N719 (a ruthenium-
based complex dye) and other dyes like the black
dye show similar absorption characteristics [52].
The broad absorption at these wavelengths allows
N719 light
significant portion of the solar spectrum, enhancing
the efficiency of DSSCs by promoting better

to effectively capture across a

electron generation from absorbed photons.

3.2. Current-voltage Characteristics

Figure 8 shows the I-V characteristics of DSSC
prepared by TiO; film thickness of 10um annealed
at 550 °C for 30 minutes and various concentrations
of N719 dye (0.1, 0.5, and 1.0 mM). From the [-V
curves,
density”

it was noted that “short—circuit current
dye
increases. This result agrees well with the UV-Vis

increases as the concentration
results (Figure 5). This result suggests that as the
dye concentration increases, the TiO, layer adsorbs
enough dye and achieves higher efficiency. The
DSSC with 1 mM dye concentration has high VOC
and JSC and subsequently obtained the highest
efficiency. However, at low dye concentration (0.1
mM), the adsorption is low and the VOC and JSC
efficiency become lower. It can be also observed
that VOC changes with concentration variation
which is thought to be due to the reactivity and
instability of N719 [3]. This study is in line with
research conducted by Zdyb and Krawzak [53],
stating that the impact of various immersion times

in the N719 dye solution of TiO,-coated

photoelectrodes has been investigated. In the study,
the process of encapsulating the cell with a gasket
sealant was improved which led to an increase in
the stability and firmness of the obtained DSSC
devices.

Table 1 shows the photovoltaic parameters of the
DSSCs prepared different.
Concentrations of N719 dye solution and intensity.

using

The maximum efficiency (n) of 0.298 % was
achieved at a dye concentration of 1 mM and the
maximum efficiency enhancement was about 86%.
The I-V (current-voltage) characteristics of dye-
sensitized solar cells (DSSCs) prepared using
various concentrations of N719 dye are typically
analyzed to understand the impact of dye loading on
cell performance. Figures 8 (a), (b), and (c) show
the I[-V (current-voltage) characteristics of the
DSSC (dye-sensitized cell) under two
conditions namely Bright Current and Dark
Current. The bright current curve shows the
response of the DSSC when exposed to light (lights
on) while the dark current curve shows the leakage
current or current caused by recombination of
electrons in the DSSC when no light is applied.
From Figure 8, the DSSC has a noticeable
difference between bright current and dark current,
which shows a good performance in generating
current from light. However, the dark current shows
still needs to be

solar

a recombination rate that
minimized to improve the overall efficiency. The
photovoltaic parameters of DSSCs made using
various concentrations of N719 dye solution are
presented in Table 1.

Table 1 presents the photovoltaic parameters of
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DSSCs fabricated with varying concentrations of
N719 dye solution and light intensity, with a n_of
0.298% observed at a dye concentration of 1 mM.
The maximum efficiency enhancement of about
86% indicates a significant improvement in device
performance with increased dye concentration. This
suggests that the higher dye concentration leads to a
more effective light absorption, as more dye
molecules are available to capture photons, thereby
generating more electrons for the photovoltaic
process. However, while higher concentrations can
enhance absorbance and electron generation, there
may be a point where excess dye causes
aggregation or inefficient charge transfer, which
could negatively impact performance. The
improvement in efficiency is likely due to the
optimized balance between dye loading and the
ability of the dye to facilitate electron injection into
the TiO: electrode. This result is consistent with
previous studies showing that optimizing the dye
concentration enhances the overall light harvesting

and conversion efficiency in DSSCs.

Limitations in this study, especially regarding
DSSCs, include aspects of stability and scalability.
The stability of DSSC devices is often a challenge
due to the use of liquid electrolytes that are prone to
leakage, evaporation, or chemical degradation,
which reduces the lifespan of the device. In
addition, dyes such as N719 may undergo
photodegradation under long-term exposure to UV
light, resulting in decreased efficiency. Potential
solutions, such as the development of solid-state
electrolytes or more stable organic dyes, still face
technical challenges in achieving comparable
performance to conventional technologies. In terms
of scalability, DSSC fabrication processes are often
complex and require expensive materials, such as
ruthenium in N719, which may hinder widespread
commercial adoption. Further research is needed to
develop efficient mass-production methods and use
more sustainable materials without compromising
performance.

0.0005

0.0015

.

Bright Current

0.0008

Ampere (A]

/
i ! 5[/);/’&05 115

00004
5004
Dark Current
9.0003
0.0003
- 0.0002 LW/ 4
z
o
3 0,000+ Y
3 wuut I Bright.Current
< 2 -
v
05 0i5 15
- .
P F0-0001
0.0002.
Voltage (Volt)
(a)
0 nn1|:
n_nn4
.
Bri
. a0ae
e 8085
a
=4
ar
(=N
£
B
l

00064

fA75.0005
Dark Current
n.nna
Voltage (Volt)
|
uffent l/
\ {/
15
DAk Ciirrent

Voltage (Volt)

(c)

Figure 8. I-V characteristics of DSSC prepared by various concentrations of N719 dye.
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4. CONCLUSIONS

In this study, DSSCs with various concentrations
(0.1, 0.5, and 1.0 mM) of
N719 dye has been successfully prepared using
simple  steps. The absorbance in the
The wavelength range of (300-800) nm shows that
N719 dye with 1 mM concentration has
The highest absorption. The DSSC prepared with 1
mM demonstrated the highest efficiency of 0.298
%. This study shows that the concentration of N719
dye has a significant effect on the efficiency of
TiO, nanoparticle-based DSSCs. Optimal dye
concentration results in maximum light absorption
and efficient electron injection, while too low or too
high concentration reduces performance due to lack
of absorption or dye aggregation. TiO,
nanoparticles play an important role in supporting
electron transfer through a semiconductor structure
with a high surface area. This dye concentration
optimization emphasizes the potential of DSSCs as
an efficient and environmentally friendly renewable
energy solution.
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