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ABSTRACT
White pigment (DuPont R902+) has been used as a light scattering material in the preparation of bilayer
photoelectrodes of dye-sensitized solar cells (DSCs). The X-ray diffraction (XRD) pattern of the white
pigment revealed that the material consists of rutile phase of titanium dioxide. The light scattering layer
prepared from the white pigment was coated onto the main-layer of the photoelectrodes of DSCs. The solar
cells with and without light scattering layer were tested in the simulated light of 100 mW/cm?® The DSCs
with the light scattering layer generated more current density than the DSCs without scattering layer and the
overall light to electric power conversion efficiency of DSCs with the light scattering layer was ~4.00 %

compared with 3.25 % efficiency of the DSCs without the scattering layer.

Keywords: Dye-sensitized solar cell,
Transmittance, White pigment (R902+)

INTRODUCTION

Dye-sensitized solar cells (DSCs) are considered as
cost-effective devices for the generation of
electricity from sunlight compared with silicon
wafer based solar cells [1]. Fig. 1 is a schematic
diagram of a typical DSC. Basically, a DSC
consists of three components—photoelectrode,
liquid electrolyte and counter electrode (CE); the
electrolyte is sandwiched between two electrodes
[2-4]. The photoelectrode is a transparent
conducting oxide (TCO)-glass substrate like
fluorine doped tin oxide (FTO)-glass substrate.
Generally, the TCO is coated with a thin film of
nanocrystalline titanium dioxide (TiO,), which is
sensitized with a monolayer of dye-molecules [5-6].
When the dye-molecules are exposed to sunlight,
electrons are ejected from the dye molecules. The
photoelectrons diffuse in the TiO, film and they
arrive at the conducting part of the photoelectrode.
The photo-generated electrons flow to the CE
through a load connected across the two electrodes
[3, 6]. The CE is also an FTO-glass substrate with a
thin film of platinum on its conducting side [3, 7].
The liquid electrolyte contains iodide ions (I') and
tri-iodide ions (I3). The iodide ions (I") regenerate
the oxidized dye molecules by donating electrons
and the iodide ions turn into tri-iodide ions. On the
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other hand, the iodide ions are regenerated after the
tri-iodide ions gain electrons from the CE [3, 6].
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Fig. 1: A schematic of dye-sensitized solar cell.
Modified from ref. [2].

Since O’Regan and Gratzel reported highly
efficient and low-cost DSCs in 1991, these solar
cells have been remained as attractive photovoltaic
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devices among researchers [8] and overall light to
electricity conversion efficiency of DSCs has
reached ~13 % [9]. Furthermore, the researchers are
making efforts to increase the power conversion
efficiency and reduce the fabrication cost of DSCs
by optimizing their components. Photoelectrodes
are considered as a prominent part of DSCs as it
can greatly influence both the power conversion
efficiency [8] and the fabrication cost of the
photovoltaic device [4]. Various types of bilayer
photoelectrodes (comprising a layer of mesoporous
nanocrystalline TiO, film as the main-layer and a
layer of submicron to micron sized TiO, film as the
light scattering layer) have been recommended by
previous researchers to enhance light to electric
power conversion efficiency of the DSCs and
reduce the fabrication cost of the devices [4, 8, 10].

In this research, low-cost white pigment (R902+,
DuPont) has been used in the preparation of an
efficient light scattering layer in DSCs. The
composition of the white pigment was analyzed by
means of X-ray diffraction (XRD) and the surface
morphology of the scattering layer was investigated
by means of atomic force microscope. Also, the
light scattering ability of the scattering layer was
evaluated by comparing transmittance of the
scattering layer with that of the main-layer.
Similarly, photovoltaic performances of DSCs with
and without the scattering layer were also
investigated.

EXPERIMENTAL METHOD

The chemicals and materials required for
fabrication of the DSCs were obtained as described
below. Fluorine-doped tin oxide (FTO)-glass
substrates (sheet resistance of ~ 8 Q /o) were
purchased from Hartford Glass Co., USA. The TiO,
(Ti-Nanoxide HT/SP) paste required for preparation
of the main- layer of photoelectrode, Ruthenium
based sensitizer (Ruthenizer 535-bisTBA also
called N-719), liquid electrolyte (lodolyte HI-30)
and platinum precursor (Platisol T) were purchased
from Solaronix, Switzerland. Rutile TiO, white
pigment (Du-pont, R902+, Pure-Ti Powder) were
obtained from a painting industry in Bhaktapur.
Similarly, terpineol and ethylcellulose were
purchased from the agent of Sigma Aldrich
Company in Kathmandu.

The procedures for the fabrication of DSCs were as
described below. First of all, three types of
photoelectrode were prepared. One type of the
photoelectrodes have only main-layer prepared
from nanocrystalline TiO, and another type of the

photoelectrodes have bilayer structure comprising a
main-layer and a scattering layer; the scattering
layer was coated onto the main-layer. The third
type of photoanodes has scattering layer only.

The main-layer of photoelectrode was prepared by
doctorblading a thin film of nanocrystalline TiO,
(Ti-Nanoxide HT/SP) paste onto cleaned FTO-glass
substrates. The FTO-glass substrates with the
dotorbladed film were sintered first at 100°C for
~30 minutes, then at ~450°C for ~45 minutes. The
photoelectrodes with bilayer structure were
prepared by doctorblading thin film of light
scattering layer (the paste of the white pigment with
terpineol and ethyl cellulose) onto the main-layer
and then sintering the film as described above.
Similarly, the photoelectrodes with scattering layer
only (without main-layer) were prepared by
doctorblading the paste of the white pigment
directly onto the FTO and sintering the FTO-glass
substrates at a similar temperature as described
above. In order to sensitize the sintered TiO, films,
the TiO, films were allowed to cool at ~80 °C in
air, and then they were immersed into the 0.5mM
solution of N-719 dyes in anhydrous ethanol for
two days. The counter electrodes of the DSCs were
prepared by coating the solution of Platisol T onto
clean FTOs, then sintering the FTOs with the
platinum precursor at 450° C for ~30 minutes.
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Fig. 2: Schematic diagram of a DSC with bilayer
structure of photoelectrode.

The photoelectrodes and counter electrodes were
assembled by using parafilm (as sealant and
spacer). Finally, the liquid electrolyte (lodolyte HI-
30) containing iodide/tri-iodide ions was injected



into the space between the two electrodes. The
DSCs with the main-layer (single layer), with the
bilayer structure and with scattering layer (single
layer) were named DM, DMS and DS, respectively.
The active area of all of the DSCs was ~0.126 cm®.
The photovoltaic characterization of the DSCs was
carried out in simulated light of ~100 mwW/cm?
from Abet SunLite Solar Simulator 11002 at
Kathmandu University, Nepal. The cells were
tested with masking to avoid over-estimation of
light to electricity conversion efficiency [11].

The structural analysis of the white pigment was
carried out by means of the X-ray diffractometer
available at Nepal Academy of Science and
Technology (NAST). Similarly, the surface
morphology of main-layer and light scattering layer
was explored with an atomic force microscope
(Multimode SPM, Veeco Metrology Group) at
physics department in Brooklyn College, the
Graduate Centre, the City University of New York,
USA. Similarly, the transmittance of the bare FTO,
FTO with main-layer and FTO with bilayer
structure (main-layer coated with light scattering
layer) was studied at the same institution.

RESULTS AND DISCUSSION

Fig. 3 is the X-ray diffraction (XRD) pattern of the
white pigment (DuPont R902+) used for the
preparation of the light scattering layer. The
diffraction peaks indicate that the white pigment
consists of rutile phase of TiO, [12].

6000 -

5 8

8 8
(110)

(211)

(101}

Intensity (a.u.)
[ w
o o
8 8

]
8

o

Fig. 3: X-ray diffraction of white pigment
(DuPont R902+).

Fig. 4 is the AFM images of light scattering layer
and main-layer. The grains seen in the scattering
layer (Fig. 4a) are much larger than those seen in
main-layer (Fig. 4b). Moreover, the surface
morphology of the scattering layer seems smoother
than that of the main-layer. This indicates that the
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surface roughness of the scattering layer is much
smaller than that of the main-layer.

Fig. 4: AFM images of a) scattering layer and b)
main-layer.

Fig. 5 shows the transmittance of FTO, main-layer
and scattering layer without dye molecules. The
transmittance of the scattering layer is significantly
smaller compared with that of the main-layer. This
implies that the reflectance of light scattering layer
is significantly high.
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Fig. 5: Transmittance of FTO, main layer and
scattering layer without dye molecules.

Fig. 6 shows the current density versus voltage (J-
V) curves of DS, DM, and DSM. Table 1 enlists the
photovoltaic parameters of the devices. The overall
power conversion efficiency (n) of DS only was
~0.02 %. Similarly, its Js. was only ~0.15 mA/cm?.
This indicates that the scattering layer does not
generate a significant amount of photo-current. This
(small photo-current) may be due to the attachment
of negligibly small amount of dye on the light
scattering layer.
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Fig. 6: J-V curves of DS, DM, and DSM.

Similarly, the overall light to electric power
conversion efficiency of DM and DMS were 3.25
% and 4.00 %, respectively. The enhanced power
conversion efficiency of DMS was due to the
increase in current density. The short circuit current
density (Jy) of DM and DMS were 8.57 mA/cm?
and 9.96 mA/cm? respectively. The low current
density of DM implies that the main-layer transmits
some of the incident light photons without
generating photo-electrons. On the other hand, the
high current density of DMS indicates that the
scattering layer reflects light photons transmitted
through the main-layer. This fact is supported by
the significantly low transmittance of the scattering
layer as seen in Fig. 5.

Table 1: Photovoltaic parameters of DSCs.

DSCs Jse Vo FF n
(mAfem?) | (V) (%0)
DS | 0.15 0.500 |0.220 | 0.02
DM | 857 0.672 | 0563 |3.25
DMS | 9.96 0.731 | 0549 |4.00

CONCLUSIONS

Low-cost white painting pigment primarily used in
painting industries has been employed as a light
scattering material in DSCs. The XRD of the white
pigment reveals that the pigment comprises mainly
TiO, in rutile phase. The scattering layer exhibited
a high reflectance (or low transmittance) for
incident light photons. The overall power
conversion efficiency of DSCs was improved after
the addition of the scattering layer onto the main-
layer of photoelectrodes and the employment of the
scattering layer in DSCs may contribute to reduce
the cost of the electricity generated from the DSCs.
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