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Titanium dioxide (TiO;) nanoparticles have been synthesized by the cost effective Sol-Gel technique.
Characteristics of TiOy nanoparticles were investigated by X-ray diffraction and Fourier Transform
Infrared spectroscopy. The Eosin Y dye and dye extracted from Hibiscus tea have been successfully
used in fabrication of the dye sensitized solar cell. The photovoltaic performance of the dye sensitized
solar cell indicates that the short circuit photo current, open circuit voltage and efficiency of the DSSC
using Eosin Y dye is 10 times more compared to the DSSC using the Hibiscus dye.
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1. Introduction energy. As the Dye Sensitized Solar Cells (DSSCs) are
Solar Cell is a clean, environmental friendly source using non-toxic materials and requiring little energy
of electricity converting light energy into electrical to manufacture, they are generally considered much
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Fig. 1. Working principle of DSSC.

more environmentally affable than the conventional
silicon-based solar cells.!’? In the DSSCs, electrons
from the valence band of excited dye are injected into
the conduction band of the semiconductor oxide,
followed by dye regeneration with the help of elec-
trolyte and moving hole to the counter electrode,*”
as shown in (Fig. 1). Extensive large amount of work
has been done on dye molecules,®”
TiO, electrodes,® '” counter electrodes
trolytes'>® to improve the DSSC efficiency and
stability. The performance of the DSSC is mainly
dependent on the dye used as a sensitizer in addition
to many other parameters like the photo electrode
materials, the redox couple chosen and the back
electrode materials. The absorption spectrum of the

semiconductor

H=13 and elec-

dye and its linkage to the surface of semiconductor
oxide is the most important parameter in determining
the efficiency of the DSSC.'6

Till date, ruthenium bipyridyl dye compounds are
the most successful dyes for DSSC. This has been
characterized as a large absorption coefficient in the
visible part of the solar spectrum. Good absorption,
excellent stability and eflicient electron injection are the
merits of ruthenium dye'”!; however, the main issues
are its cost and complicated purification steps. More-
over, it is toxic and carcinogenic and containing metals,
hence hazardous.® Therefore, there is an intense need to
study the natural metal free dyes as sensitizers in DSSC.
Many natural organic dyes have been studied exten-
sively and tested as low cost alternatives to replace rare,
expensive and environmentally hazardous ruthenium
dyes.?>?> Commonly studied natural dyes include
tannins, chlorophyll,?® flavonoids,?” xanthene®® and
anthocyanin.?” Eosin Y dye is one of the best xanthene

dyes®® and Hibiscus is the commonly used anthocya-
nins.*! Though the efficiency of DSSC using natural
dye or organic dye is far away from commercialization,
these have been studied because of their environmental
friendliness, non-toxicity, abundant availability, cost
efficiency and easy and robust processing.®? In the
present study, investigation of a xanthene derivative of
natural dye i.e. Eosin Y dye and natural hibiscus tea
dye as a photo sensitizer has been done.

2. Material and Method
2.1. Materials

Titanium iso-propoxide (TTIP from Otto chemicals
Germany), and anhydrous ethanol (EtOH) were used
for preparing TiO,-Sol. Polyethylene glycol was
purchased from Otto Chemicals India, Eosin Y Dye
and Chloroplatinic acid (HoPtClg) were purchased
from Ward Hill, U.S.A. Anhydrous Lithium iodide
and iodine along with acetonitrile were used as redox
couple. All chemicals received were used as it is
without further purification.

2.2. Preparation of pure Ti0,
nanoparticles

TTIP:EtOH:H20:HCI were taken in the proportion
of 1:15:60:0.2 and were used to prepare TiO,-Sol.
Ethanol and hydrochloric acid (HCl) was added to
deionize (DI) water to have the pH nearly two. TTIP
solution was dropped into the above mixture solution
with vigorous stirring and stirring was continued for
48 h and then it was allowed to edge, filtered, washed
several times using DI water and ethanol and then
dried at 80°C until the brownish crystals were
obtained. The crystals were ground and sintered for
one hour at a temperature of 450°C to obtain white
powder of TiO, nanoparticles.

2.3. DSSC fabrication

For studying the performance of the hibiscus and
Fosin Y dyes as photosensitizers on TiO, thin film
electrode, the sandwich type cells were fabricated.
Cleaned Florin-doped SnO, glass plates of dimension
2 x 2 cm were used for anode and cathode preparation.
Anode and cathode area was decided to be 1 sq. cm.
The anodes were prepared by the doctor blade method,
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and the cathodes were formed by the drop-casting the
Chloroplatinic acid solution in the 2-propanol. Both
anode and cathode were dried on the hot plate for
10 min and sintered for an hour at 450°C.

To assemble the cell, the cathode was put over the
anode with scotch tape spacer and bound together
with the crocodile clips. An electrolyte solution
composed of 0.5 M Lil and 0.05M Iodine in Acitoni-
tril was introduced into the cell by capillary action.

Phase of the TiO; nanoparticles was determined
using BRUKER-binary V3 X-ray diffraction (XRD)
spectrophotometer. Absorption spectra of TiO,
nanoparticles and dyes were investigated with Shi-
manzoo 1800 UV visible spectrophotometer. FTIR
fingerprints of TiO, nanoparticles were inspected
using Brooker IR spectrophotometer.

V—I characteristics of DSSCs were studied using
Keithley 2400 source meter along with 250W halogen
lamp of the overhead projector. Assembly for I-V
characteristics was calibrated using a standard Silicon
solar panel to obtain the irradiance of 100 mW /cm?
under direct sunlight.

3. Results and Discussion

3.1. C'rystallographic study of TiO,
nanoparticles

Figure 2 shows the XRD pattern of TiO, nano-
particles prepared by sol-gel route. The highest in-
tensity of (101) peak at 26 equal to 25°C indicates the
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Fig. 2. XRD pattern of TiO, nanoparticles synthesized by
Sol-Gel route.

DSSCs Using Hibiscus Dye and Eosin Y Dye: Comparative Study

Table 1. XRD peaks at different 26 values,
their corresponding plane/phase of the TiO,

nanoparticles.

No. Position [26] Peak plane/phase
1 25.3092 101/A

2 27.4212 110/R

3 37.6909 103/A

4 48.0116 200/A

5 54.6474 105/A

6 62.9161 204/A

7 69.4778 301/R

formation of anatase phase TiO, nanoparticles. The
other peaks and their corresponding planes are tabu-
lated in Table 1. All these peaks in the XRD pattern
were indexed by comparing with the JCPDS file
numbered 21-1272 and 21-1276.'9** A small peak at
27.4 corresponds (110) plane and indicates the pres-
ence of the rutile phase nanoparticles in small pro-
portion.**3* However, the proportion of anatase phase,
calculated using Eq. (1) was found to be 67.83%.

100

weight fraction Anatase = —————————
& 1+ 1.265 % (1)

(1)
where TA and IR are intensities of anatase (101) and
rutile (110) diffraction, respectively.*’

The full width at half maxima for intense (101)
peak corresponding to anatase phase was obtained
using Xpert high score software and used to calculate
the size of nanoparticles using the Scherrer formula
given by Eq. (2)

K\

Size of nanoparticle D = Foosd’ (2)

where K is the shape factor having value 0.89, A is the
wavelength of incident CuKa radiations having value
1.54nm and ( is the Full width at half maxima.

The size of nanoparticles was obtained to be
12.28 nm using Eq. (2).

3.2. FTIR analysis

Formation of TiO, nanoparticles was confirmed by
FTIR spectrograph (Fig. 3). Usually, the character-
istic vibrations of the inorganic Ti-O stretching
vibrations are observed in the range 400 to 900 cm .
A sharp peak at 742cm~! indicates the bond forma-
tion due to the bending vibrations of Ti—-O-Ti whereas
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Fig. 3. FTIR spectrograph of TiO, nanoparticles.

the peak at 1232cm™! is indicating stretching vibra-
tions of the Ti-O-Ti. Peak at 1713 cm ™! is attributed
to the bending vibrations of the OH group. There was
no peak observed after 1713 cm ! which means that
all the organic compounds were removed from the
samples after calcination.

3.3. Absorption spectra of Eosin Y and
Hibiscus extracts

The UV-visible spectral study of the Eosin Y and
hibiscus tea extraction dye was carried out using 2450
spectrophotometer in the wavelength range 300 nm
to 900 nm. Figures 4(a) and 4(b) show absorption
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Fig. 4.

spectra of Eosin Y and Hibiscus tea extracts dyes,
respectively. It was observed from the spectra that
there was broad absorption peak at 511 nm for Eosin
Y dye whereas for Hibiscus tea extract dye, the
absorption peak was observed at 379 nm and it was
quite sharp. The band gap of both the dyes was
calculated using Eq. (3).%

Eg = %e\/, (3)
where h is Planck’s constant having value 6.63*10 34
Jsec, C is the velocity of light having value 3*108 m/sec,
A is the peak absorption Wavelength, e is the charge
on electron.

Using Eq. (3), the band gap calculated for Eosin Y
dye was 2.43 eV and for Hibiscus dye it was 3.28 eV.
As the absorption peak for Eosin Y dye was broader,
the photons having energy 2.29eV to 2.75eV had
chances to be absorbed and produce photoelectrons.
Whereas the absorption peak for hibiscus dye being
sharp the photoelectrons having energy greater than
3.28 eV can cause the photoexcitation of dye mole-
cules.

3.4. Photovoltaic characteristics of
DSSCs

The performance of Hibiscus tea extract and Eosin Y
dye as sensitizer has been evaluated by determining
short circuit current (I.), open-circuit voltage (V.),
Fill Factor (FF) and energy conversion efficiency (n)
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(a) UV-visible spectra of Eosin Y Dye, (b) UV—visible spectra of hibiscus dye.
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Table 2. Photovoltaic parameters — maximum current, maximum voltage, Short circuit
current, open circuit voltage, fill factor, efficiency using Eosin Y and Hibiscus dye.
Sensitizer I, Viu I, Ve FF %ES
Eosin Y 10.2 uA 32mV 21.9 uA 62.8mV 0.24 3.28%10~4
Hibiscus 0.446 pA 26 mV 0.917 A 46.7mV 0.27 4.6%107°
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Fig. 5. Current density — Voltage performance of DSSC

sensitized by Hibiscus dye and Eosin Y dye.

under the irradiance of 100 mW /cm?. The typical I-V
curves of a DSSC have been shown in Fig. 5 and the
device performance parameters derived from J-V-
curves are listed in Table 2. From Table 2, it could be
revealed that V., I, n for DSSC using Eosin Y dye is
comparatively better than DSSC using hibiscus tea
extract dye. Less efficiency for both dye sensitized
solar cells may be attributed to the robust nature of
dye extraction and adsorption. Efficiency of DSSC
using Eosin Y dye was observed to be 10 times more
as compared to the efficiency of DSSC using hibiscus
extracted dye.

4. Conclusion

The Photovoltaic performance of the Hibiscus tea dye
and Eosin Y dye has been investigated by employing
them as photosensitizer in the porous TiO, nano-
particles-based Solar Cell. Eosin Y dye sensitized
solar cell exhibits better performance as compared to
Hibiscus dye sensitized solar cell. Simple preparation
method, wide availability, low cost and environmental

friendliness of these dyes make them attractive for
their use as sensitizers in dye sensitized solar cells.
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