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The aim of the reported study is to enhance the photovoltaic performance of a dye-sensitized solar cells (DSSCs)
using co-sensitization approach and investigate how the concentration of an organic co-sensitizer influence the
overall efficiency of the fabricated DSSCs. The overall efficiency of the fabricated DSSC with co-sensitization
approach using a ruthenium (II) based dye, N749, and an organic sensitizer, RK1, is 8.15%. The solar cells were

g}?givoltaic evaluated using UV-Vis spectroscopy, electrochemical impedance spectroscopy (EIS), incident photon to elec-
Efficiency tron conversion efficiency (IPCE), and current-voltage (I-V) characteristics. The concentration of the organic co-

sensitizer has a strong effect on the performance of the DSSC. An optimized solar cell fabricated with a dye
solution of 0.2 mM RK1 and 0.3 mM N749 yielded a Jg (mA/cm?) = 19.45, Vo (mV) = 688, FF (%) = 61 and
power conversion efficiency (PCE) of (%) = 8.15 under standard (AM1.5 G) 1 sun illumination (100 mW/cm?).
The efficiency of co-sensitized DSSCs is far better than the efficiency of fabricated solar cells sensitized with
individual dyes [N749 (7 = 4.94%) and RK1 ( = 5.76%)]. The efficiency enhancement is due to the lower rate
of recombination of electrons and holes, decreased I~ /I3 competitive absorption, and lower aggregation of the
dyes resulting from the synergistic action in the co-sensitized photovoltaic cells.

1. Introduction

An uninterrupted and reliable energy supply is crucial for the de-
velopment, modernization through automation, and economic growth
of any country. Rising demand for energy and environmental issues
have motivated researchers to pursue new eco-friendly and clean en-
ergy sources (Younas et al., 2019). Sun’s energy is the most easily ac-
cessed and most widely available renewable energy source on earth.
Accessible estimated annual energy from the sun received by the earth
is about 3 x 102* J, which is about 10* times the current energy
consumption by all inhabitants of the world (Mehmood et al., 2016b,
2014). Energy from the sun is a leading candidate among the alter-
native energy sources that can be harnessed to reduce the emission of
carbon-based greenhouse gases to the environment due to the use of
fossil fuels (Barnham et al., 2006; Canadell et al., 2007; Yang et al.,
2014; Younas et al., 2018a). Increase of the CO5 emissions into the
atmosphere is associated with many catastrophic consequences such as
global warming, reduction in forest cover, and climate change. Since
1954, various types of solar cells have been developed to harness solar
energy. Dye-sensitized solar cells (DSSCs) are novel photovoltaic de-
vices considered to be the third generation of solar cells (Mansha et al.,
2019; Yan and Saunders, 2014). Pioneering work of Grétzel and co-
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workers in 1991 resulted in the introduction of DSSCs, which have
received considerable interest due to their low cost, ease of fabrication,
and low toxicity. However, their power conversion efficiency (PCE) is
moderate compared to that of the solar cells based on silicon (O’Regan
and Gratzel, 1991).

DSSCs consist of three major components: (1) a photoanode, (2) a
counter electrode, and (3) an electrolyte. The photoanode is a key
component of a DSSC, and it performs the following significant func-
tions; (i) collect electrons released by the dye after photo-excitation and
transport them to the current-carrying circuit, and (ii) facilitate the
adsorption of the dye by acting as a scaffolding. Typically, anodes have
a porous morphology for the adsorption of an adequate quantity of the
dye and they are fabricated using materials with a wide band gap, e.g.,
TiO4, Zn0O, Nby,O5 etc. (Yeoh and Chan, 2017). The counter electrode
(CE) performs the following key functions: (i) reduce the electrolyte
oxidized by the regeneration of the dye, and (ii) attract holes towards
the CE. A wide range of materials have been used to fabricate CEs for
DSSCs, including carbon nanotubes (CNT), platinum (Pt), and other
carbon-based materials etc. (Ahmed et al., 2018; Ehsan et al., 2019;
Mehmood et al., 2020, 2019, 2018; Wei et al., 2017). The electrolyte is
a crucial component of a DSSC, and it is typically placed between the
photoanode and the CE. Regeneration of the photo-excited dye is the
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2-cyano-3-(4-(7-(5-(4- (diphenylamino)phenyl)-4- octylthiophen-2-yl) benzo[¢][1,2,5]
thiadiazol-4-yl)phenyl) acrylic acid [RK1]

triisothiocyanato-(2,2":6',6"-terpyridyl-4,4',4"-tricarboxylato) ruthenium (II) tris(tetra-butylammonium) [N749]

(b)

Fig. 1. The structure and chemical name of (a) Organic sensitizer RK1 dye and (b) Ruthenium (II) based N749 dye.

key function of the electrolyte. A wide range of types of electrolytes,
e.g., liquids, gel polymers, and other polymers, have been used in
DSSCs. The iodide/triiodide (I™/I3™) liquid electrolyte is widely used
due to its outstanding characteristics, such as the good solubility, low
absorption of light, suitable redox potential, and quick regeneration of
the dye. The photosensitizer (dye), which is adsorbed on semi-
conducting material, such as TiO; and ZnO (Younas et al., 2010,
2018a), is the key component of a DSSC. The PCE of a DSSC is governed
mainly by the photosensitizer. A dye in a DSSC absorbs photons and
produces pairs of electrons and holes that are transferred through the
semiconducting material to the external circuit. Many aspects of the
DSSC technology have witnessed remarkable progress in the past fifteen
years, reaching record efficiencies of over 14% (Kakiage et al., 2015).
However, the efficiency of these photovoltaic devices must be further
enhanced to promote their large-scale commercial utilization. The
narrow absorption range of the photosensitizer (dye) is the main reason
for the low PCE of DSSCs (Hagfeldt et al., 2010; Mehmood et al.,
2015a). Currently, a single sensitizer that can absorb solar energy in a
broad spectrum ranging from 400 to 900 nm is not available (Yum
et al., 2007).

Co-sensitization has been shown to enhance the PCE of a DSSC by
overcoming the limitation imposed by the narrow spectral range of
individual sensitizers (Younas et al., 2018b). Broadened absorption
spectral range of a DSSC enhances the efficiency of solar cells (Lan
et al., 2012). Researchers have used a wide array of combinations of
photosensitizers, such as porphyrin co-sensitized using ruthenium
complexes (Wu et al., 2012), an organic dye co-sensitized using ru-
thenium complexes (Abdellah et al., 2019; Naik et al., 2018), phtha-
locyanine co-sensitized using an organic sensitizer (Clifford et al., 2011;
Jin et al., 2013; Kimura et al., 2012), and an organic sensitizer co-
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sensitized using different organic dyes (Chen et al., 2005; Kuang et al.,
2007) to enhance the PCE. Kuang et al. obtained a PCE of 6.4% with
SQ1 and JK2 organic dyes, and a solvent-less electrolyte (Kuang et al.,
2007). Chen et al. employed several dyes for co-sensitization, including
a dye based on hemicyanine, a merocyanine dye, and a squarylium
cyanine dye and achieved 6.5% PCE (Chen et al., 2005). Wu et al.
synthesized and used two organic dyes based on indolium in a 1:3 ratio
and obtained a 3.0% PCE for standard 1 sun AM 1.5G illumination (Wu
et al., 2009). Lee et al. employed the co-sensitization technique with
DSSCs fabricated with plastic and achieved 5.1% PCE. They co-sensi-
tized N719 and N749 ruthenium complexes with thienylfluorene seg-
ment containing organic dye known as FL (Lee et al., 2011). Lan et al.
used an organic sensitizer (CD5) to co-sensitize a zinc porphyrin dye
(LD12) in a stepwise manner reaching a 9% PCE (Lan et al., 2012). Wei
et al. co-sensitized three organic dyes (DM, DE, and DP) with a ruthe-
nium dye (N719) and achieved a 7% PCE (Wei et al., 2013). It is per-
tinent to mention here, for pure RK1 dye the efficiency obtained by D.
Joly et al. is different from our achieved efficiency using same dye RK1,
due to huge difference in fabrication process and conditions. The dif-
ference includes twice TiCl, treatment, scattering layer, shedding mask,
different heat treatment, different CE fabrication process and most
importantly less active area (i.e. 0.16 cm?) (Joly et al., 2015).

In this study, co-sensitization is used to boost the efficiency of
DSSCs. The semiconductor anode is sensitized using solutions with
different concentrations of the organic RK1 dye and ruthenium (II)
based dye N749. The performance of DSSCs based on a single dye
(N749 or RK1) is compared with that of co-sensitized DSSCs based on
N749 and RK1 dyes using the identical conditions. The performance of
the co-sensitized solar cells functioning at an optimum level is sig-
nificantly better than that of the photovoltaic cells based on a single
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dye, yielding a much superior PCE.

2. Fabrication and characterization
2.1. Materials

Dyes (21822; Ruthenizer 620-1H3TBA, and 22751; Sensitizer RK1),
electrolyte (35112; Iodolyte Z-50), anatase TiO, paste (14412; T/SP),
platinum paste (Plastisol T) and fluorine-doped tin oxide (SnO5:F) FTO
conductive glass substrate, were obtained from Solaronix (Switzerland).

2.2. Preparation of the dye solutions

Two solutions of the individual dyes and five solutions of the mix-
tures of the dyes in ethanol were prepared at the following con-
centrations: (i) 0.5 mM N749, (ii) 0.4 mM N749 and 0.1 mM RK1, (iii)
0.3 mM N749 and 0.2 mM RK1, (iv) 0.25 mM N749 and 0.25 mM RK1,
(v) 0.2 mM N749 and 0.3 mM RK1, (vi) 0.1 mM N749 and 0.4 mM RK1,
and (vii) 0.5 mM RK1. The chemical name and the structure of the dyes
are shown in Fig. 1.

2.3. Fabrication of the DSSCs

A schematic representation of a DSSC and its energy band diagram
are depicted in Fig. 2a and b, respectively. Tape casting was used to
apply TiO; paste on the FTO conductive glass substrates and it was
annealed at 200 °C for the first 10 min and 450 °C for the next 20 min to
fabricate the mesoporous scaffolding layer for photoanodes. SEM cross-
sectional images shown in Fig. 3 were used to determine the thickness
of the deposited TiO films on each substrate. The TiO; films of the
photoanodes have an average thickness of 5.6 um. The photoanodes
were prepared by soaking the FTO conductive substrates deposited with

Electrolyte
Dye/Dyes
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Fig. 2. (a) Schematic representation of the components of a DSSC and (b)
Energy band diagram of a DSSC.
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Fig. 3. A cross-sectional image of the TiO, film deposited on an FTO glass
substrate.

TiO; layer for 24 h into dye solutions. The unadsorbed dye was re-
moved by rinsing the photoanodes with ethanol after soaking. The
platinum counter electrodes were also fabricated using platinum paste
with similar tape casted on to the FTO glass substrates and annealing at
450 °C for 30 min. The two electrodes were attached to each other using
super glue gel (from the super glue corporation). Subsequently, the
space between the two electrodes was filled with the electrolyte to
fabricate the DSSCs. The DSSCs used in this study have an active area of
0.2 cm?

2.4. Characterization of the anodes and DSSCs

A model UV/Vis JASCO-670 spectrophotometer was used to char-
acterize the solutions containing the dyes as well as the dyes anchored
to TiO4 films. Cross-sectional images of the anodes captured using a
field emission scanning electron microscope (FE-SEM, TESCON Lyra-3),
were used to determine the thickness of the prepared TiOs thin films.
The IV characteristics of the fabricated DSSCs were evaluated using a
solar simulator (IV-5, PV Measurements) at an Air Mass (AM) of 1.5 G
(1000 Wm~?%) with a Source Meter (Keithley 2400). Electrochemical
impendence spectroscopic (EIS) analysis of the DSSCs was performed
using a BioLogic Sciences Instruments potentiostat (VMP3) under dark
conditions of illumination and an AC signal with a frequency between
10 Hz and 800 KHz and an amplitude of 10 mV. A bias between 0 and
750 mV, which is larger than the V,, of the DSSC, was applied in the EIS
analysis.

3. Results and discussion
3.1. Ultraviolet and visible spectroscopic analysis of the fabricated DSSCs

The ultraviolet-visible (UV-Vis) absorption spectra of the individual
dyes N749 and RK1 as well as their mixtures in both ethanol and ad-
sorbed on the TiO, films on the FTO substrate are shown in Fig. 4. The
UV-Vis spectra of N749 shown in Fig. 4b have three broad and intense
peaks at 610, attributed to metal-to-ligand charge transfer (MLCT) and
at 410, and 340 nm attributed to the intraligand (;t-*) charge-transfer
transitions. As also shown in Fig. 4b, the UV-Vis spectrum of RK1 has
absorption peaks at wavelengths ranging from 398 to 536 nm and
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Fig. 4. UV-Vis spectra of (a) Pure N749, pure RK1, and mixtures of RK1 and
N749 in EtOH; (b) Pure N749, pure RK1, and the best performing mixture of
0.2 M RK1 and 0.3 M N749 in EtOH; (c) Pure N749, pure RK1, and mixtures of
RK1 and N749 adsorbed on TiO thin films; and (d) Pure N749, pure RK1, and
the best performing mixture of 0.2 M RK1 and 0.3 M N749 adsorbed on a TiO,
thin film.
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286-372 nm. The peak in the 286-372 nm region is attributed to the m-
¥ transition of the conjugated bonds, while the other peak is due to the
intermolecular charge transfer (ICT) from the anchoring group acting as
the donor to the anchoring group acting as the acceptor. The peaks in
the absorption spectra of the mixed dyes in ethanol shown in Fig. 4a are
broader and more intense than that of N749 alone. The spectra show
that the concentration of RK1 has a significant effect on the absorption
of light by N749. Absorption of light by N749 is considerably boosted
with the concentration increase of the RK1 sensitizer owing to the sy-
nergistic effect of the two dyes. However, the nt* orbital delocalization
when the surface Ti** ions interact with the carboxylate groups
(Mehmood et al., 2015c), shifts the absorption of the mixtures of N749
and RK1 towards longer wavelengths when anchored on TiO,, as shown
in Fig. 4d. Specifically the peaks are red shifted from 610 nm to 628 nm
as indicated in Fig. 4c and d. Furthermore, the peaks at 284 nm and
478 nm in the UV-Vis spectrum of the mixture of N749 and RK1 dyes
adsorbed on TiO, is sharper and more intense compared to the same
peak of N749 anchored on TiO, under the same conditions. The results
clearly demonstrate that the TiO3/(N749 + RK1) thin films absorb
more energy from light they receive compared to that of TiO3/N749 or
TiO2/RK1 films due to co-sensitization. The increased absorption of
photons increases the available conduction electrons, leading to a
higher current density and a better efficiency.

To estimate the dyes loading on the photoanode of TiO,, samples
Ti02/N749, TiO2/RK1, and TiO2/0.2 mM RK1 + 0.3 mM N749 sensi-
tized with N749, RK1 and 0.2 mM RK1 + 0.3 mM N749 respectively
were placed into a 20 mM KOH solution and stirred at room tempera-
ture for 24 h to desorb the dyes. The concentrations of the desorbed
dyes were determined by using UV-vis spectroscopy (Han et al., 2010).
For this purpose, calibration curves were plotted for N749 (0.5 mM),
RK1 (0.5 mM) and 0.2 mM RK1 + 0.3 mM N749 solutions by making
series dilutions ranging from 0.5 mM to 0.0078 mM. In each calibration
curve the value of coefficient of determination (R%) was main-
tained > 0.999. The total amount of N749 obtained after desorption of
TiO2/N749 solar cell was found 0.093 mM per 0.20 cm? area. Similarly,
from the desorption of TiOp/RK1, and Ti0/0.2 mM
RK1 + 0.3 mM N749 the total calculated amounts of RK1 and 0.2 mM
RK1 + 0.3 mM N749 were found 0.139 mM and 0.184 mM respec-
tively.

3.2. Determination of the I-V characteristics of the fabricated DSSCs

Fig. 5 depicts the I-V plots of the fabricated co-sensitized solar cells
and Table 1 provides their photovoltaic parameters. Values of the open
circuit voltage (V,), current density (Jsc), and efficiency (), and the
fill factor (FF) of the fabricated DSSCs are provided in Table 1. The
results in Table 1 clearly indicate that the current density of the
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Fig. 5. Current-voltage characteristics of DSSCs.
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Table 1
Current-voltage characteristics of the fabricated solar cells.
Cell structure Jse Vo (MV)  FF (%) n (%) R; (Ohm)
(mA/
cm?)
0.5 mM N749 11.55 652 60 454 28
0.1 mM RK1 + 0.4 mM N749 14.92 663 60 5.94 25
0.2 mM RK1 + 0.3 mM N749 19.45 688 61 815 9
0.25 mM 18.66 687 61 7.88 14
RK1 + 0.25 mM N749
0.3 mM RK1 + 0.2 mM N749 17.73 685 61 7.37 15
0.4 mM RK1 + 0.1 mM N749 15.93 681 61 6.16 16
0.5 mM RK1 15.36 691 54 576 27

photovoltaic cells increases up to the optimized concentration. Above
the optimized concentration of RK1 the current density decreases as the
number of available electrons at higher concentrations of RK1 decreases
due to the elevated bandgap of the organic dye (Fig. 2b). The fill factor
and the open circuit voltage also increase up to the optimized con-
centrations of the dyes and then decrease. The performance of the
DSSCs is enhanced by co-sensitization both by achieving the highest
absorption owing to the larger absorption coefficient of the organic dye
and higher current due to the smaller band gap of the ruthenium-based
dye. As indicated by the data obtained, the performance of the co-
sensitized DSSCs depends strongly on the concentration of the co-sen-
sitizer. A solar cell sensitized with 0.2 mM RK1 and 0.3 mM N749 has a
Jsc of 19.45 mA/em?, V. of 688 mV, FF of 61%, and n of 8.15% under
optimized conditions. The value of PCE of the co-sensitized DSSC is
significantly higher compared to the devices sensitized by individual
dyes (TiO5/N749 or TiO3/RK1). The PCE of the co-sensitized solar cells
are enhanced mainly due to the increase in Jgc (19.45 mA em™2), fill
factor (61%), and V,. (688 mV). J is increased primarily due to the
significantly high absorption of light, and the major cause of the in-
crease of V. is due to the suppression of charge recombination by co-
sensitization.

3.3. IPCE analysis of the fabricated DSSCs

The incident photon to electron conversion efficiency (IPCE) is ba-
sically the measurement of external quantum efficiency (EQE) of the
fabricated solar cell devices over a specific wavelength range. In other
words this explains the efficient workability of the fabricated solar cells
devices in that particular wavelength region. Basically IPCE or EQE is
the ratio between total numbers of electrons generated in response to
the total number of photon falling on the active area of the fabricated
solar cell device. The IPCE is a strong function of wavelength due to
various wavelength dependent factors as provide in the Eq. (1) below.

(1)

Eq. (1) shows the IPCE (A) depends on the light harvesting effi-
ciency (LHE) which is highly depended on wavelength. Secondly, the
IPCE depends on ¢;,;, which represent the amount of injection of photo-
generated electrons from excited dye to the conduction band of the
semiconductor. Finally the third factor is called collection efficiency of
the photo-generated electrons and it is represented as 1, in the Eq. (1)
(Gratzel, 2005).

Fig. 6 shows IPCE spectra of all the seven DSSC devices fabricated in
this work. The IPCE (EQE) spectral response for pure N749 and RK1 are
clearly different with the highest peaks showing at different wave-
lengths. However, from all other co-sensitized IPCE spectral curves the
curves showing feathers from both dyes which experimentally proving
its co-sensitization and grabbing various wavelength for co-sensitized
IPCE peaks.

Furthermore, LHE (\) depends on three factors (1) the light scat-
tering at the photo-anode, (2) the dye adsorption on the surface of the

IPCE(A) = LHE(R) * @,,; * 7,

264

Solar Energy 203 (2020) 260-266

45
e .5MM RK
40 —(.4mM RK1 +
0.LmM N749
0.3mM RK1 +
35 0.2mM N749
e ). 25mM RK1 +
30 0.25mM N749
? wm—(),2mM RK1 +
0.3mM N749
15 o
e ). ImM  RK1 +
= 0.4mM N749
O 20 e ). 5MM NT49
-9
==
15
10
5
0+

350 400 450 550

Wavelength (nm)

500 600 650 700

Fig. 6. Incident photo to electron conversion efficiency (IPCE) of fabricated
DSSCs.

semiconductor, and (3) the light absorbance characteristics of the dye.
The resemblance of IPCE spectrum in Fig. 6 to the absorbance spectrum
in Fig. 4c and the observation of an optimum co-sensitization contents
of the dyes (N749 and RK1) in Figs. 4, 5, and 6 indicate these de-
pendences of LHE (A\). Also, the co-sensitization promotes the injection
of photo-exited electron in the co-sensitized dyes to the conduction
band of semiconductor i.e. TiO,, resulting in the increase of @, and
contributing positively to IPCE (A) (Yang et al., 2016). The third
parameter in the Eq. (1) i.e. electron collection efficiency (neon) is
linked with the charge recombination and charge transport properties
of the semiconducting anode, which can be explained by electro-
chemical analysis. In our case the electrochemical analysis shows that
the co-sensitized DSSCs are better than pure dyes DSSCs and the charge
transfer resistance (R;) at counter electrode/electrolyte is much less
than the pure dyes devices, which clearly proving the less charge re-
combination at photoanode/electrolyte interface is in good agreement
with TPCE spectra.

3.4. Electrochemical impedance spectroscopic analysis of the fabricated
DSSCs

Charge recombination in DSSCs is a major shortcoming which af-
fects their performance. Charge recombination occurs when the elec-
trons generated by the incident photons recombine with the holes in the
excited dye molecules, rather than moving to the conduction band (CB)
of the porous semiconductor to be harvested by the external circuit. The
electrons can also recombine with the holes generated in the excited
dye molecules when in the semiconductor or with the ionized electro-
lyte atoms (Ondersma and Hamann, 2013). In this study, the resistance
to charge recombination in the DSSCs was evaluated using EIS analysis.
Fig. 7 shows the EIS spectra (Nyquist plots) of the solar cells and their
equivalent circuit (inset Fig. 7). In an EIS spectrum the first of the three
semicircles at higher frequencies is results from the charge transfer
resistance, i.e., the interfacial resistance at the counter electrode and
the electrolyte interface (R;). The second arc at intermediate frequency
represents the interfacial resistance between the photoanode and the
electrolyte (Ry), and the third arc at low frequency represents the re-
sistance to carrier transport, i.e., the redox couple diffusion, in the
electrolyte (Z,) (Mehmood et al., 2016a). In the equivalent circuit of
the DSSC depicted in Fig. 7 (inset), R is the value of the resistance at
the beginning of the first arc at higher frequencies in the EIS plot, i.e.,
the series resistance. The resistance Ry represents the interfacial re-
sistance at back electrode/electrolyte interface and the resistance Ry
represents the recombination rate at the anode/electrolyte interface. C;
and C, are the capacitances (constant phase elements) at the counter
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Fig. 7. Electrochemical impedance spectroscopic analysis of fabricated DSSCs
and the equivalent circuit of a DSSC (inset).

electrode/electrolyte interface and the anode/electrolyte interface, re-
spectively. Warburg diffusion impedance is represented by Z. In the
Nyquist plots of the DSSCs depicted in Fig. 7, only the first arc due to
the electrolyte/counter electrode interfacial resistance (Rq) is visible.
The two remaining smaller arcs may be hidden by the first arc (Li et al.,
2010; Nair et al., 2011). Moreover, the resistance to free-carrier re-
combination at the interface of the anode and the electrolyte (Ry) re-
presents one of the smaller arcs (Mehmood et al., 2016a, 2015a). The
electron lifetime is higher when the recombination resistance of free
carriers is larger, and vice versa (Mehmood et al., 2015b). The values of
the charge transfer resistance of the fabricated DSSCs are listed in
Table 1. The results depicted in Fig. 7 and listed in Table 1 indicate that
R, of the sensitized DSSC with the composition 0.2 mM RK1 and
0.3 mM N749 has the lowest resistance to the flow of free charges
originating in the outer circuit, which take part in the reduction of the
oxidized electrolyte. Thus, the efficiency of the co-sensitized DSSCs is
increased due to the longer electron transport lifetime resulting from
the synergetic effect of co-sensitization by N749 and RK1. The effec-
tiveness of co-sensitization is confirmed by the results in Table 1, which
indicate that the individual dyes have a higher charge transfer re-
sistance compared to that of the DSSCs based on the co-sensitized
configuration. Enhancement of the coverage of the surface of TiO, by
the dyes due to co-sensitization increases the electron lifetime. When
the surface coverage by the dyes is high, the chances of the electrons
interacting with TiO, are lowered, thereby reducing the recombination
process. Also, the higher coverage of the TiO; surface by the dyes will
generate more electrons and reduce charge recombination due to the
direct exposure of the TiO, surface to the electrolyte, thereby im-
proving the PCE of the photovoltaic cells based on the co-sensitized
configuration.

4, Conclusion

In this study, the performance of a DSSC was improved using co-
sensitization. Organic sensitizer RK1 was used as the co-sensitizer with
N749, a dye based on ruthenium (II). Mixed dye solutions at five dif-
ferent concentrations of the two dyes as well as solutions of the in-
dividual dyes were used to fabricate the DSSCs. The fabricated DSSCs
were characterized using the following techniques; (i) UV-Vis spec-
troscopy, (ii) I-V characteristics determination, incident photon to
electron conversion efficiency (IPCE), and (iii) EIS analysis. Main
findings of the study are as follows:

e The results of the study demonstrate that co-sensitization is highly
effective in boosting the overall PCE of a DSSC.
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e The spectra indicate that absorption by the dye solutions in the
UV-Vis region becomes higher with increasing RK1 content.
However, the peaks in the UV-Vis spectra also become more intense
and broader when the dyes are anchored to the FTO surface coated
with a TiO5 film.

The PCE, Vo, Js, FF, and the charge transfer resistance of the
photovoltaic cells display a very high dependence on the con-
centration of the RK1 dye. A solar cell fabricated with 0.2 mM RK1
and 0.3 mM N749 has a PCE of 8.15% when tested using optimized
conditions. This is significantly higher than a solar cell sensitized
using individual dyes (N749 = 4.54% and RK1 = 5.76%).

The results also confirm that the resistance to charge transfer across
the interface of the electrolyte/counter electrode decreases with co-
sensitization, which reduces the dark current and increases the
current density enhancing the overall efficiency of the photovoltaic
cell.
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