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Abstract
In this study, we investigated the effect of using large TiO,
nanoparticles in the matrix of small nanoparticles to

improve the performance of dye-sensitized solar cells
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TiO2 nanoparticle

(DSSCs), as light scatter to increase the light harvesting.
The mixed powder was deposited by electrophoretic
deposition (EPD) on FTO (F-SnO, coated glass). It is
shown that adding small quantity of larger nanoparticles
can enhance the performance of DSSCs. This paper also

studies the deferential scanning calorimetry (DSC) of
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mixed powders to detect the phase transitions, due to the
change of weight percentage between large and small

nanoparticles.
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1. Introduction

for humidity [5-8], as a photocatalytic component

[9-11]. It also well known for its remarkable

TiO, has been particularly studied for its applies in dye-sensitized solar cell (DSSCs)
usefulness as a catalyst [1, 2], as a ceramic systems [12-14]. Dye-sensitized solar cells based
microporous membrane [3, 4], as a chemical sensor on nanocrystalline mesoporous TiO, films have

attracted much attention as a potential low-cost
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alternative for single-or polycrystalline p-n
junction silicon solar cells. Since Gritzel dye-
sensitized solar cell in 1991 [12], much research
has been carried out to the development of DSSCs
structures for better efficiency [15-20]. Due to the
dye loaded on the surface of oxide and the presence
of redox electrolyte in the porous network of oxide
layer, the mesoporous oxide layer (typically TiO,)
is one of the most important parts of the DSSCs
structure. Therefore, improvements in the structure
of the oxide can enhance the DSSCs efficiency via
increase of the electron diffusion, the dye loading
on the oxide and decrease the recombination
reactions [21-23]. One approach is to improve the
light harvesting of the DSSC, for example, by
altering the sensitizers or adding scattering layers
[24]. The TiO, nanoparticles that used in working
electrode of DSSCs are very weak scatterers of
visible light, resulting in a significant portion of the
light shone on the DSSCs transmitting through the
TiO, film without interacting with the sensitizer.
Scattering layers of various structure, including
scattering centers and upper scattering layers, have
been effectively employed to enhance light
harvesting and thus to improve the efficiency of the
solar cell [25-29]. According to the Mie theory [30]
the particles used for light scattering should have a
large size. The results from computer simulation
showed the use of larger TiO, particles as a
scattering center mixed in a TiO, matrix containing
20-50 nm particles cause increase of DSSCs
efficiency. Therefore, it can increase the light
harvesting in the sensitized TiO, layer and overall

increase the DSSCs efficiency [25].
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In the present study, we have investigated the
effect of wusing larger TiO, nanoparticles as
scattering center in the sensitized TiO, layers that
prepared by small nanoparticles. The mixed
powders have different ratio of small and large
TiO, nanoparticles. The TiO, layers have been
deposited by electrophoretic deposition on FTO
glasses. We have also studied the phase transition
of mixed powder due to the different ratio of TiO,
structures (rutile and anatase). Finally, the
performance of prepared layers has been tested in

the dye-sensitized solar cell system.

2 Experimental

The TiO, nanoparticles (P-25 from Degussa,
Germany) nm and (Fluka, Switzerland) with
diameter around 50 and 250 nm, respectively, were
used to prepared mixture powder. Also, absolute
ethanol >99.9%, acetylaceton >99.0%, iodine >99.8
(Merck, Germany), acetone >99.0% (Fluka,
Switzerland) and deionized water (produced by SG
instrument, Germany) were used to prepare the
electrophoretic suspension according to Zaban et al
reported [31]. The I/I; electrolyte consisted of
mixture of 0.05M Iodine, 0.5M lithium iodide
>98.0% (Merck, Germany), 0.5M 4-tert-
butylpyridine  (Sigma-Aldrich, USA) in the
acetonitrile (Fluka, switzerland).

The mixture powders were prepared by mixing
2, 5,7 and 10 ratio of weight percentage of Fluka to
P-25 TiO; nanoparticles.

The EPD was performed at constant potential

(10V) for 20 seconds on the FTO glasses substrate
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(Dyesol, 15Q/square, Australia). Finally, the
prepared micrometer TiO, layers were sintered at
500°C for 30 min.

These photo electrodes were immersed in a 0.3
mM  N719 dye (RuCsgHgeNgOsS,,
Australia) in solution tert-butyl alchol (Fluka,

Dyesol,

Switzerland)/ acetonitrile (50:50 volume ratio) for
24 hours at room temperature. Then, the electrodes
were taken out of the dye solution and rinsed in
acetonitrile to make a monolayer of the dye
molecules on the surface of TiO, nanoparticles.

As counter electrode, a platinum electrode was used
which had been prepared by chemical deposition of
hexachloro-platinic (IV) acid (Riedel-de Haen,
Germany) in ethanol solution at 350°C.

A sandwich solar cell was assembled using dye-
sensitized electrode as the working electrode and a
platinum electrode as the counter electrode. The 30
um-thick thermoplastic film was used to separate
the electrodes and sealed by heating. The I/
electrolyte was injected in the gap between the
electrodes through the injecting hole that was
previously made in counter electrode.

The TiO, nanoparticles were characterized by
scanning electron microscopy (SEM, Hitachi S-
4160). The phase transitions of prepared powder
were measurement by deferential scanning
calorimetry (DSC) (NETZSCH DSC 204 F1
Phoenix). The DSSCs performance was estimated
under AM 1.5 simulated light (Luzchem) using
potantiostat/galvanostat (PGSTAT 100, Autolab,
Eco-Chemie).

3. Results and discussion
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Figure 1 shows the morphological images of
TiO, nanoparticles which were used to prepared
mixture powders with different ratio. As it shown,
the surface of Fluka nanoparticles (fig. la) is
roughish and it can slightly compensate the
decrease of dye loading on the surface due to the

nanoparticles size increasing.

Fig. 1. The SEM images of a) Fluka nanoparticles, b) P-
25 nanoparticles

Fig. 2. shows the deferential scanning
calorimetry (DSC) results of mixture powders with
different ratio of precursor TiO, powders. Sience,
the pure P-25 powder consist of rutile and anatase
structure with 20 and 80 percentage, respectively,

adding Fluka powder (just anatase structure) have



been effected on phase transitions. Due to, anatase
and rutile structures are metastable and stable,
respectively, the peak of DSC curves was shifted to
lower temperature and the peak area was decreased
with relation to increase of percentage of Fluka

powder in the mixed powder.
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Fig 2. The DSC carves of mixed powder with different
weight percentage of large nanoparticles (Fluka
particles) comparing to pure P-25

The I-V curves of prepared cells with different
amount of mixture between P-25 and Fluka
comparing to pure P-25 are shown in the figure 3
and the photovoltaic characteristics are from the
carves summarized in Table 1. The results shows
that the change of quantity ratio of precursor
effects
fabricated from them. The The short-circuit current

powders on performance of DSSCs
density( Jsc) of the sensitized layer was increased
with relation to increase of amount of Fluka powder
up to 5%, due to increase of light harvesting in the
prepared layer by scattering the absorbed light.
Since, the dye loading on TiO, particles is
decreased with relation to decrease of surface, the
increase of percentage of Fluka powder more than
5% cause decrease of dye loading and overall

decrease of efficiency.
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Fig. 3. The I-V characteristic carves of DSSCs with

different weight percentage of large nanoparticles (Fluka
particles) comparing to pure P-25

Table 1. The summarize performance of DSSCs with
different percentages of large nanoparticles (Fluka
particles).

I Voe Efficiency
sample FF
(mA) (V) M)
p-25 834 0.79 3.26 0.48
2% 826 0.80 3.33 0.49
5% 11.1  0.80 3.70 0.41
7% 562 0.81 3.05 0.67
10 % 527 0.80 2.69 0.63

4. Conclusion

We investigated the effect of using larger
nanoparticles of TiO, in the matrix of small
nanoparticles of TiO, to increase the scattering and
harvesting of light in the TiO, layer. The layer with
up to 5%wt of large nanoparticles that was used to
fabricate DSSCs showed the best efficiency of
DSSCs performance.
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