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Abstract: This study aims to investigate the effect of N719 and Z907 dyes mixture (1:1 v/v ratio) on the DSSCs fabricated
successfully using a simple procedure without the need for any complicated facilities. The XRD analysis of the TiO, layer
confirmed that it has a polycrystalline structure belonging to anatase phase with crystallite size of 12.4 nm. UV-Vis
spectroscopy was used to characterize the absorbance spectra of the TiO, layer, N719 dye, Z907 dye, dyes mixture and the
fabricated DSSCs as well. The absorption spectra in the wavelength range of (350-750) nm show that the DSSC fabricated
with dyes mixture has higher absorption compared to the other two cells. The dyes mixture performs better than the individual
dyes due to the broadening of its UV-Vis spectrum in the blue region. The energy gap of the TiO, layer estimated by Tauc’s
plot was 3.12 eV. The SEM micrograph of the TiO, layer shows that the layer has a spongy shape with reduction in the number
of open pores making easy for dye adsorption and electron transport. The average roughness, root mean square roughness and
grain size of the TiO, layer estimated from the AFM micrograph and the granularity cumulative distribution chart were about
0.356 nm, 0.423 nm and 82.48 nm respectively. Solar cells with efficiency as high as 2.287% have been achieved using the
dyes mixture as sensitizer which represents an enhancement of ~ 70% and ~ 106% compared to the DSSCs efficiencies
prepared by N719 and Z907 dyes respectively.
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electrode, platinum (Pt) as the counter electrode, and an
electrolyte solution with iodide/triiodide redox reagents [6]
as shown in figure (1).

1. Introduction

The increasing energy demand has been promoting the

creation of devices that are able to convert alternative source
of energy, such as solar energy [1]. Solar energy will play an
important role in satisfying future energy needs of mankind
since coal and natural reserves are being consumed at faster
rates [2]. Dye sensitized solar cells (DSSCs) are
photoelectrochemical, alternative energy source devices that
convert light energy into electricity [3]. Since dye sensitized
solar cells were first proposed by O'Regan and Gritzel in
1991, they have been attracting considerable attention
because of their high efficiency, simple fabrication process
and low production cost [4, 5]. The DSSC comprises a dye
adsorbed nanocrystalline TiO, layer fabricated on a
transparent conducting oxide (TCO) as the working

One of the major constituents, the sensitizing dye, plays a
crucial role for efficient light harvesting and overall light to
electricity conversion efficiency [2]. Therefore, we also
provide analytical studies of DSSCs using two different dye
sensitizers, i.e. N719 and Z907. The molecular structures of
these dyes are shown in figure (2) [1]. Historically N719 is
the most popular benchmark which served the seminal role in
design and engineering of novel photosensitizers to achieve
high extinction coefficient, long term stability, thiocyanate
free photosensitizers for high efficiency and long term
stability, cyclometalated Ru (IT) dyes and photosensitizers for
NIR response [7].

The most efficient DSSCs demonstrated to date have all
been based on N719 dye developed by the Grétzel group. As
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well as superior light harvesting properties and durability, a
considerable advantage of these dyes lies in the metal-ligand
charge transfer (MLCT) transition, through which the
photoelectric charge is injected into the TiO, [8].

N719 dye achieved 11.3% conversion efficiency in DSSC
[9]. Z907 has shown high performance in liquid electrolyte
DSSCs. Z907, on the other hand, was selected as it has been
widely studied as a sensitizer in DSSCs and achieves
efficiencies of approximately 4% [10]. The Z907 dye, which
has nonyl chains on one bipyridine ligand, is more effective
in shielding the TiO, surface from the Co(IIl) approach, and
has shown better performances than N719 in Co(II)/Co(III)-
based DSSCs [11].
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Fig. 1. Schematic diagram of DSSC basic structure.

In many studies single dye was employed as a light
absorbing unit. The disadvantage of using a single dye is that
the dye works in a narrow range of solar spectrum, which
would minimize the cell efficiency.

It has been reported that the use of several dyes with
complementary absorption spectra would broaden the
spectral sensitivity of the cell, resulting in higher conversion
efficiency [12].
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Fig. 2. Molecular complexes of Ruthenium based dye: (a) N719, and (b)
2907 [11].

The aim of this work is to prepare a dye sensitized solar
cell using a simple procedure without the need for
complicated facilities and to investigate the effect of dyes
mixture on the power conversion efficiency (n) of the
prepared solar cell.

2. Experimental Procedure

All the materials used in this work were supplied by
Dyesol Company/Australia. The materials were as follows:
Fluorine Tin Oxide (FTO) ( resistance 8 Q/sq) coated glass
substrates, TiO, paste (18-NRT), 7907 dye, N719 dye,
organic solvent based electrolyte (EL-HSE), platinum paste,
sealing material, Acetone, distilled water.

For the preparation of the working electrode, FTO glass
substrate with size of (2.5 cm x 2.5 cm) was used. The FTO
glass was cleaned in ultrasonic bath for 5 minutes in distilled
water and for 5 minutes in acetone. The TiO, paste was
deposited on FTO glass by Doctor-blade method and the
thickness of the titania layer was determined by the thickness
of scotch tape which has a thickness of 10 um placed on the
right and left sides of the conductive face of substrate. Then
the scotch tape was removed and the films were left to dry
for 30 minutes in a covered Perti dish. Thereafter, the films
were annealed at 550°C for 30 minutes in ambient
atmosphere. Finally, the working electrodes were allowed to
cool at room temperature. After cooling, the working
electrodes were immersed in a 0.25 mM N719 dye solution
for 24 hours. This procedure was repeated for the electrodes
with Z907 and dyes mixture (N719 and Z907, 1:1 v/v ratio).
For the preparation of the counter electrode, two holes of 1
mm diameter were drilled to enable a later injection of
electrolyte and platinum (Pt) paste was deposited on
conductive side of FTO glass by Doctor-blade method, and
the electrodes were then annealed at 450°C for 30 minutes in
ambient atmosphere. This leads to homogenous distributed
platinum with good catalytic activity.

The working electrode and counter electrode were
assembled into a sandwich structure using sealant gasket,
with a thickness of 30 um as spacer. The sealant gasket was
placed around TiO, paste and the counter electrode was put
on it while the Pt film faces the TiO,. Finally, few drops of
the electrolyte were injected through the holes in the counter
electrode by a pipette, and the holes were sealed by plaster to
prevent evaporation.

The crystallite phase of TiO, was identified by X-ray
diffractometer (Shimadzu 6000, Japan) using CuKa radiation
(A= 1.5406 A). The surface morphology of TiO, was
investigated by SEM (JSM-7000F) type. The UV-Vis
absorption spectra of the TiO, layer, Z907 dye, N719 dye,
dyes mixture and DSSCs, were measured by UV-VIS-NIR
spectrophotometer (Shimadzu, UV-1800). The photovoltaic
performance of the DSSCs was measured using Keithley
2400 multimeter and tungsten halogen lamp. Based on I-V
curve, the fill factor (FF) was calculated according to the
formula:

]max-Vmax
FF = 75728 1
IJsc-Voc M
Where J.x is the maximum photocurrent density, V. 1S
maximum photovoltage, Js. is the short circuit photocurrent
density and V,. is the open-circuit photovoltage. The
photoelectric conversion efficiency (n) was calculated
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according to the following equation:
0/) — JseVocrr
I]_(/o)*P—X 100 (2)

Where P, is the incident power.

3. Results and Discussion
3.1. Structural Analysis

Crystalline characterizations of TiO, film prepared by
Doctor-blade technique on glass substrate were carried out by
X-ray diffraction (XRD). Figure (3) shows the XRD
diffraction pattern of the TiO, film annealed at 550 °C. From
the figure, it was confirmed that the TiO2 layer material has
anatase phase with polycrystalline structure according to the
ICDD standard card no. (21-1272) [13]. The diffraction
peaks were indexed to the crystal planes (101), (004), (200),
(105), (211), (204) and (215) and this result is in agreement
with the results reported by Wang et al. [14]. The highest and
strongest peak of TiO, thin film was at 20 = 25.4°
corresponding to (101) direction. The crystallite size of TiO,
film was calculated by Scherrer’s formula given by the
following equation [15]:
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Fig. 3. XRD patterns of TiO: thin film.
D=0.9 /P cosd 3)

Where D is the crystallite size, A is the X-ray wavelength
of Cu Ko radiation, B is the full width at half maximum
(FWHM) and 0 is the Bragg’s angle. The lattice parameters
of the TiO, film are a = 3.781 A and ¢ = 9.477 A, which are
in agreement with the standard values (i.e., a = 3.785 A and ¢
=9.513 A) and the crystallite size is 12.4 nm.

3.2. Morphological Analysis

The surface morphology of TiO, thin film was
characterized by SEM. Figure (4) displays the SEM image of
TiO, film of 10 pum thickness which has been deposited on
the FTO glass after annealing at 550 'C for 30 minutes. The
SEM micrograph shows a spongy shape with reduction in the
number of open pores making easy for dye adsorption and
electron transport [16]. The average particle size of TiO, NPs
is about 20-40 nm. The small particles of TiO, film have

larger surface area and subsequently absorb more dye
molecules and this may lead to improved DSSC
performance.

Fig. 4. SEM image of TiO; thin film at 30,000X.

3.3. (AFM) Results

The surface topography of TiO, film prepared by Doctor-
blade method on FTO glass was studied by Atomic Force
Microscope (AFM) technique. The 3-D AFM image and
granularity cumulative distribution chart of TiO, film
annealed at 550°C for 30 minutes are shown in figures (5a)
and (4b) respectively. The average roughness, root mean
square roughness and grain size of the TiO, film were about
0.356 nm, 0.423 nm and 82.48 nm respectively.

Fig. 5a. 3-D AFM image of TiO; thin film.
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Fig. 5b. Granularity Cumulative Distribution chart of TiO; thin film.

3.4. Optical Properties

Figure (6) illustrates the UV—Vis absorption spectrum of
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TiO, film annealed at 550°C. From the figure, it can be
noticed that the film has clear and sharp absorption edge at
wavelength of ~ 350 nm.
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Fig. 6. UV-Vis absorbance of TiO; film.

The direct band gap of the TiO, thin film was determined
by plotting (ahv)” vs. hv. The optical band gap E, value is
estimated by extrapolation of the straight-line portion of the
plot to zero absorption edge as shown in Figure (7). From the
figure, it was observed that direct optical band gap for
annealed TiO, thin film was 3.12 eV.
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Fig. 7. Taucs plot of TiO; film.

Figure (8) demonstrates the absorption spectra of N719,
7907 and their mixed solutions (1:1 v/v ratio) in the
wavelength range of (350-800) nm. The UV-Vis absorption
spectra show two absorption peaks at around (386 and 526),
(426 and 532), and (396 and 536) nm, for N719, Z907 dyes
and their mixed solutions respectively. It can be also
observed that the N719 dye shows the highest absorption,
while Z907 dye shows the lowest absorption.

The absorption spectra of DSSCs using N719, Z907 dyes
and their mixture in the wavelength of 350-750 nm are
shown in figure (9). From the absorption spectra, it can be
seen that DSSC with mixture dye has higher absorption
compared to the other two cells. Due to the enhancement in
absorption, one may expect certain enhancement in
efficiency.
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Fig. 8. UV-Vis absorbance of N719, Z907dyes and their mixed solutions
(N719 + 7907, 1:1 v/v ratio).
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Fig. 9. UV- Vis absorbance of DSSCs.

3.5. Current Voltage Characteristics

Figure (10) illustrates the J-V characteristics of the DSSCs
sensitized with N719, Z907 and dyes mixture (N719+Z2907,
1:1 v/v ratio). It is clear that DSSC sensitized with dyes
mixture shows Jgc, Voc and the area of the J-V curve are the
highest compared with DSSCs prepared using individual
dyes indicating that this cell generates the highest output
power. The photovoltaic parameters of all solar cells prepared
in this study are summarized in Table 1.

The dyes mixture was expected to perform better than
the individual dyes due to the broadening of its UV-Vis
spectrum in the blue region [3]. This indicates that mixed
co-sensitization of the two dyes could effectively transfer
energy in a cooperative manner to the TiO, semiconductor
resulting in an enhancement of the photovoltaic
parameters of the cell [17]. The efficiency of the DSSC
prepared by the dyes mixture as sensitizer enhanced ~
70% and ~ 106% compared to the DSSCs prepared by
N719 and Z907 dyes respectively.
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Fig. 10. J-V curves of DSSCs using N719, Z907 and their mixed solutions
(N719 + 7907, 1:1 v/v ratio).

Table 1. The photovoltaic parameters of DSSCs fabricated using N719,
7907, and their mixed solutions (N719 + Z907, 1:1 v/v ratio).

DSSC V()C JSC Vmax Jmax FF rl.
sensitizer (V) (mA/ecm’) (V) (mA/cm?) (%)
N719 0.535  3.429 0.323  2.079 0.366 1.343
7907 0.535 2.135 0.360 1.539 0.485 1.108
Mix 0.655 4.132 044 2599 0422 2287

4. Conclusions

DSSCs with N719, Z907 dyes and their mixture (1:1 v/v
ratio) have been fabricated successfully using a simple
procedure without the need for any complicated facilities.
The absorption spectra in the wavelength range of (350-750)
nm show that the DSSC fabricated with dyes mixture has
higher absorption compared to the other two cells. The dyes
mixture performs better than the individual dyes due to the
broadening of its UV-Vis spectrum in the blue region. This
indicates that the mixed co-sensitization of the two dyes
could effectively transfer energy in a cooperative manner to
the TiO, semiconductor resulting in an enhancement of the
photovoltaic parameters of the cell. The efficiency of the
DSSC prepared with the dyes mixture as sensitizer was
2.287% which represents an enhancement of ~ 70% and ~
106% compared to the DSSCs efficiencies prepared by N719
and Z907 dyes respectively.
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