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ABSTRACT

ZnO photoanodes for dye sensitized solar cell were sythesized by using sol-gel spin coating
method. XRD pattern confirmed that ZnO film was crystalline in nature and crystallite size calculated
was 45.8 nm. The grain size measured form SEM image of ZnO film was 66.6 nm. Transmission
of thin film was observed 75-92% in wavelength range from 400-800nm. The photon to electron
conversion effieciency for dye loaded 6 and 12 hours time were obtained 0.38% and 0.44%
respectively. In case of electrolytes ratio, the maximum effieciency and fill factor of DSSCs were

found 0.44% and 0.49 respectively.

Keywords: ZnO sol, ZnO thin films, Dye loading time, Electrolytes ratio and Dye sentized solar cells.

INTRODUCTION

Dye sensitized solar cells (DSSC) have
attracted considerable attention in recent years as
an alternative to conventional silicon solar cells'%.
Dye sensitized solar cell consist of photoelectrode,
counterelectrode and electrolytes. Transparent
conducting oxide/glass like ITO(indium doped
tin oxide) , FTO (Flourine doped tin oxide) that act

substrates for both photoanode and counterlectrode.
Photoanode consists of ZnO film coated on ITO glass
substrate. As incident photons are absorbed by dye
molecules, then consequetly electrons injected from
their excited states into the conduction band of the
TiO,/ZnO nanoparticles and the dye molecule gets
oxidized. Oxidized dye molecules are reduced by
a redox electrolyte, which transports the positive
charges by diffusion to a counterelectrode®'. The
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ZnO material possesses a wide band gap, low
resistance and high light trapping characteristics
that make it suitable in solar cells applications'®
2 A high electron diffusion coefficient and a low
recombination rate constant are key requirements
for fabricating highly efficient dye-sensitized solar
cells. Higher dye loadings, which are desirable for
inducing higher photon harvesting, are also limited
by the low diffusion and high recombination rates
of the electrons?* . In the present paper we have
focused on effieciency variation of DSSC with change
in concnetration of lithium iodidie in electrolytes and
dye loading time of ZnO photoanode. Dye loaded
in semiconductor oxide film becomes essential to
improve the light harvesting efficiency of a DSSC
material. A monolayer and uniform dye coverage are
highly to enhance performance. In fact, multilayer
formation and poor dye coverage hinder the kinetics
of electron transfer®.

EXPERIMENTAL

Materials used

Zinc accetate dihydrate (sigma aldrich)
as Zinc precursor, ethanol (merck), ethanolamine,
Lithium iodide (sigma aldrich 99.9%), iodine(sigma
aldrich 99.9%), platinum tetrachloride (sigma aldrich
99.9%), acetonirile (sigma aldrich 99.9%) and
ITO(indium doped tin oxide) sheets as substrates
for both photoanode and counterlectrode.

ZnO0 sol preparation
ZnO sol was prepared from zinc accetate
dihydrate, ehtanol. 50 ml ethanol was taken into
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conical flask maintained at 60°C temperature. Zinc
accetate dihydrate (0.8M ) was added into stirred
ethanol, after 30 minutes pour the ehtanolamine as
stabilizerinto solution dropwise. The molar ratio of
zinc accetate and ehtanolamine was matained at 1:1.
After 30 minutes of stirring cool down the transparent
ZnO sol was obtained. Sol was allowed to stand at
room temperature for 24 hours before coating.

Photoanode and counter electrode preparation
ZnO sol was deposited on ITO substrates
by using spin coater (MTI Corporation). The speed
of spin coater was adjusted to 3000rpm for one
minute. After each coating, the film was exposed
180°C for 10 minutes for removal of extra solvents.
For desire thickness of films the steps of coating
were repeated and then samples were annealed at
550°C with ramp rate 10°C/min. temperature for one
hour. For preparation of counterelectrodes, platinum
film coated ITO the solution was made from 5mM
PtCl, (Sigma Aldrich 99.9%) in isoproponal (Sigma
Aldrich). Solution was deposited on ITO glass
substrate and spin for 1 min at 2800rpm speed. Heat
the platinum film at 130°C for 15 minutes at hot plate
and annealed at 400°C for 15 minutes in furnace.

Electrolytes solution preparation

Electrolytes solution was made from 0.03M
Lithium lodide (Sigma Aldrich 99.9%), 5mM iodine
(SigmaAldrich) in acetonitrile (Sigma Aldrich) to form
solution EL1 (Lil : I, = 6:1) and solution made from
0.05M Lithium lodide and 5mM iodine in acetonitrile
to form EL2 (Lil : 1, = 10:1).
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Fig.1: XRD pattern of ZnO film
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Dye loading of photoanodes and assembling
of DSSCs

0.5mM N719 dye (Sigma Aldrich 99.9%)
and ethanol (Merck) were mixed to form dye solution.
Dipped the ZnO film coated ITO photoanodes in
dye solution for 6 hours(DP1), 12 hours (DP2) and
washed with ethanol to remove extra dye. In case of
EL1 and EL2 based DSSCs, the photoanode was
dipped in 0.5mM N719 dye (Sigma Aldrich 99.9%)
and ethanol (Merck) solution (DP2) for 12 hours
and the excessive dye was washed away by using
ethanol. The EL2 (Lil : I, = 10:1) combination of
electrolytes was used in DP1 and DP2 photoanodes
based DSSCs.

Fig. 2: SEM image of ZnO film
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Fig. 3: Transmission spectra of ZnO film

1051

Combined the photoanode and
conterlectrode together and injected the electrolytes
between the electrodes. A sandwich-type DSSC
configuration was fabricated.

Characterization techniques

XRD analysis of ZnO film were carried
out by XRD model (Rigaku). SEM and UV-Visible
of ZnO sample was investigated by SEM (SEM,
JEOL) and (SHIMAZDU, UV) respectively. The
photocurrent-voltage (J-V) characteristics of solar
cell were measured using a AM-1.5 solar simulator
with xenon lamp (max.150 W) ar room temperature.
Incident light intensity and active cell area were 100
mW/cm*2 and 1cmx1cm respectively.

RESULTS AND DISCUSSIONS

Fig.1 demonstrates the XRD paatern of
ZnO film obtained in angle range of 20-60°. The
main peaks of XRD corresponding to (100), (002)
and (101) at 32.68°, 35.34° and 36.68° angles
respectively. The high intense peak at (101)
coorespondes to 36.68° angle(2¢). The full width at
half maximum (&) of the diffraction peak can be used
to estimate the crystallite size (D) in the grown ZnO
films using Scherrer’s formula®”

The crystallite size corresponding to (101)
plane of ZnO film was 45.8nm.

Fig. 2 shows the SEM image of ZnO film.
It is evident that there is a regular arrangement
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Fig. 4: Band gap of ZnO film
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of grains. The average grain size of ZnO film was
obtained as 66.6 nm.

Fig.3 shows the Uv-Visible spectra of
ZnO film in the wavelength range of 300-800nm.
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The transmission of ZnO film was 75-90% in
wavelength from 400-800nm. The maximum value
of transmission was observed at wavelength 800nm.
The optical absorption coefficient can be calculated
by lambert law relation®
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Fig. 5: Uv-Visible absorbance of dye loaded ZnO films
Table 1: Demonstrates The Photovoltaic Performance of
Different Samples of Zno DSSC
Sample Fill factor Voc (mV) Jsc (mA/cm2) Efficiency %
Dip1 6 hours  0.47 580 1.4 0.38
Dip2 12 hours  0.49 600 1.5 0.44
EL1 0.46 590 1.35 0.36
EL2 0.49 600 1.5 0.44
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Fig. 6: J-V characteristics of dip 1 and dip2
photoanode based solar cell

Fig. 7: J-V characteristics of EL1 and EL2
based solar cell
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where d is the thickness and T is the
transmittance of ZnO film . The relation between
absorption coefficient and incident photon energy
can be written as:

ohv = A(hv-Eg)”2

Where A is a constant, Eg is the band gap
of the material and h is the planks constant. In the
present case, the plot of (ahv)? verus hy, indicates the
direct band gap nature of the films. By extrapolating
the linear portion of the curve onto the X axis the
energy band gap of the films was determined. Fig.
4 shows the band gap of ZnO film. The band gap
calculated investigated from tauc’s plot was 3.269
eV.

Fig.5 investigated the Uv-Visible absorbance
of N719 dye loaded films for 6 hours and 12 hours
in the wavelength range of 300-800nm. The main
absorbance peaks at around wavelength 310nm,
371nm and 532nm. However, the absorbance of
12 hours dye loaded ZnO film (DP2) was high as
compared to ZnO film loaded in dye for 6 hours (DP1)
at room temperature.

Performance OF DSSCS

The values of fill factor (FF) and efficiency
of DSSC were calculated by following equations 1
and 2

FF =1 xV /I xV_ (1)

Here V_, |, | _and V_are open circuit
voltage, short circuit current, maximum current and
maximum voltage respectively.

n =1 xV, xFF/P, (mW/cm?) .(2)

n is the efficiency of solar cell, P, is the
input power provided to DSSC.

To calculate the energy conversion efficiency,
the current vs. voltage relation was measured. Fig.6
demonstrates the J-V characteristics of DSSCs
with dip and dip2. The highest value of open circuit
voltage was 600mV for DP2 DSSC. The calculated fill
factor of DP1 and DP2 photoelectrode based DSSC
were 0.47 and 0.49 respectively. The conversion
efficiency values for DP1 and DP2 were observed
0.38%, 0.44% respectively. For all film thicknesses
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with 310nm, the energy conversion efficiency inferred
from the current-voltage curves presented in these
graph increases as the dye-loading times increase.
The enhancement in photon to electron conversion
performance of DSSC was due to harvest in large
number of photons in DP2 as compared to DP12°,

Fig.7 shows the J-V characteristics of
DSSCs with EL1 and EL2. Highest current density
was 1.5mA/cm?in case of EL2 sample. The fill factor
for EL1 and EL2 based DSSCs were analyzed 0.45
and 0.49 respectively. The calculated efficiency
for DSSCs with EL1 and EL2 combinations were
0.36%, 0.44% respectively. Excess Lil causes the
penetration of Li* ions in the mesoporous dye-coated
nanocrystalline ZnO film due to its small-radius
and form an ambipolar Li* - e” with the electrons in
the conduction band of ZnO, which increases the
transport speed of electrons in nanocrystalline ZnO
network and enhances the J_ of DSSCs%-%

CONCLUSIONS

In this work dye sensitized solar cell with
a photoanodes of ZnO films coated ITO/Glass
substrates were fabricated and characterized.
The ZnO films were prepared using spin coating
process. The grain size calculated from SEM was
44 nm. The band gap value of ZnO was observed
3.269eV. Our studies have revealed that there was
a variation in efficiency of DSSCs with different dye
loading time and different ratio of Lithium iodide and
iodine in electrolytes solution. The highest energy
conversion efficiency of DSSC at dye loading time
of 12 hours and electrolytes combination EL2. The
fill factor values for DSSCs with DP1, DP2, ELI and
EL2 were investigated 0.47, 0.49 and 0.45 and
0.49 respectively. The electron to photon energy
conversion efficiency % values for DP1, DP2, EL1
and EL2 based DSSCs were measured 0.38, 0.44,
0.36 and 0.44 respectively.
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