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Abstract
Microwave oven assisted anatase phase  aluminium doped Titanium dioxide(TiO2) nanoparticles has been

synthesized by low cost and simple Sol-gel method. The microwave oven has been used to dry the gel instead of pristine
hot plate. The microwave assisted drying observed to save time and energy further reducing the production cost. Anatase
phase formation of microwave oven assisted and pristine anatase phase TiO2 nanoparticles has been proved by powder
X-ray diffraction technique. Photovoltaic characteristics of dye sensitized solar cells (DSSCs) fabricated using the
microwave oven assisted nanoparticles and pristine method nanoparticles were observed to be exhibiting comparable
efficiencies.
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Introduction
Titanium dioxide nano particles have many excellent functions and features, such as stable properties, non-toxic, low
cost, good at resisting chemical attack, nice photocatalyst, dis-infector and antiseptic [1-2]. It has been generallyused by
researchers to prepare the photo anode of Dye Sensitized Solar Cell (DSSC). The conduction band position of
TiO2nanoparticles is having accurate position for the excited dye in DSSC, hence it has been usually in use as
photoanode material [3-4].Moreover, doping TiO2 facilitates the mobility causing the enhancement in photo current.
Aluminium is one of the popular dopants used because of the closest size of Al+3 and Ti+4ions[5]. Al doped TiO2 nano
particles are being synthesized by different scientific methods such as Precipitate method, hydrolysis method,
hydrothermal method [4], spray pyrolysis deposition (SPD) method [6], chemical vapour deposition [7] and Sol-Gel
method [8].Grain size, phase, particle morphology and porosityof the synthesized TiO2nanoparticles can be tailored using
Sol-Gel method, hence it is mostly preferred method for nano particle synthesis [9]. Moreover, this method is cheap and
can be performed in robust environment.

In the present work Aluminium doped TiO2 nanoparticles has been synthesized using simple, low cost
Sol-Gel method assisted by microwave oven to further reduce the cost and production time. The special attention is paid
on photovoltaic characteristics of DSSCs fabricated using Al doped TiO2 nano particles synthesized by both the
microwave assisted and pristine method. Though theuse of environmental friendly Eosin Y dye, lead to lower efficiency
of the DSSCs[10]. However, comparative results are of the special interest.

Material and Method
Titanium Tetra ISO-Propoxide (TTIP), Aluminium Nitrate (Al(NO3)3), Polyethylene glycol were purchased from Otto
chemicals, Eosin Y Dye and Cloroplutanic acid (H2PtCl6) were purchased  from Ward Hill. All chemicals received were
used as it is without further purification. Lithium iodide  and iodine were used to form the electrolyte along with
acetonitrile as solvent.
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Synthesis of Al doped TiO2 nanoparticles
Precipitate of 0.05M Aluminium doped TiO2 nanoparticles were synthesized as explained previously in the literature by
Sol-Gel method [11-12].Half part of the precipitate was dried at 80 degrees Celsius on a hot plate. Drying process
completed after  four hours. Remaining half part was dried in a microwave oven, the process of drying lasted within 6
minutes. Both the crystals were separately ground and calcined at 400 degree Celsius for one hour to obtain white
powder of Al doped TiO2 nano particles. The slurry of both the nanoparticles was prepared in equal amount of ethanol
and DI-water using mortar and pestle.

Fabrication of DSSCs
The Flourine doped SnO2 glass plate cut in the dimension 2cm *2 cm were cleaned ultrasonically and used to synthesize
photo anode and cathode. Area of DSSC was decided to be 1 sq. cm and adjusted using scotch tape. The photo anodes
were prepared by the doctor blade method, whereas the cathode was synthesized by the drop-casting method. Both were
calcined for one hour at 450 degree Celsius.

Phase of the synthesized TiO2 nanoparticles was determined using X-ray diffraction using CuKα radiations. V-I
characteristics of DSSCs were obtained using Keithley 2400 source meter under 100mWcm-2 illumination.

Result and Discussion

Crystalographic Study of TiO2Nanoparticles
Fig.1 shows the XRD pattern of TiO2 nanoparticles prepared by sol-gel route under microwave assistance and direct
heating method. The highest intensity of (101) peak at 2ɵ equal to 25 degree Celsius indicates the formation of anatase
phase TiO2 nanoparticles. All the other peaks in the XRD pattern were indexed by comparing with the JCPDS file
numbered 21-1272 and 21-1276[12-13]. The size of the nanoparticles synthesized by microwave assisted method and
pristine method has been computed using Debuy-Scherrer equation. It has been found to be 21.15 nano meter and 20.09
nano meter for microwave assisted method and pristine method respectively.

Fig1: XRD characteristics of Al doped TiO2 nanoparticlesFig2: Photovoltaic characteristics of DSSCs

Electrical Characterization
Fig. 2 shows the photo current density-voltage (J-V) characteristics of the DSSCs based on the microwave assisted Al
doped TiO2 nanoparticles photo anode and pristine Al doped TiO2 nanoparticles photo anode.The photovoltaic
parameters including short circuit current density (Isc), open-circuit voltage (Voc), fill factor (ff), and photovoltaic
efficiency (η) are listed in Table 1. The DSSCs with microwave assisted nanoparticles photoanode and pristine
nanoparticles photo anode were found to have comparable efficiencies. A small decrease in open circuit voltage in
microwave assisted Al doped TiO2 nanoparticle photo anode DSSC was compensated by increase in photo current as
compared to pristine Al doped TiO2 nanoparticle photo anode DSSC.
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Table 1: The integralmaximum power(Pmax), maximum current (Imax), maximum voltage Vmax, short circuit
current (Isc), open circuit voltage (Voc), fill factor(ff) and % efficiency (%η) of cell comprised of platinum
cathode, Eosin Y dye and iodine-triiodide electrolytewith

Photo anode synthesized by Pmax Imax in μAcm-2 Vmax in mV Isc in  μA Voc in mV ff %η

Pristine Al doped TiO2 photo
anode

7.09E-08 4.17 17 8.45 33.5 0.25 7.09E-05

Microwave Assisted Al
doped TiO2 photo anode

6.64E-08 5.11 13 11.62 23.5 0.24 6.64E-05

Conclusion
Al doped TiO2 nanoparticles were successfully synthesized by simple, low cost Sol-gel method using the microwave
oven assisted  drying of the gel.  Formation of anatase phase Al doped TiO2 nanoparticle formation was revealed through
XRD verification technique. Photovoltaic characteristics of DSSCs comprised of microwave assisted Al doped TiO2

nanoparticles photo anode and pristine Al doped TiO2 nanoparticle photo anode  exhibited comparable efficiencies under
similar circumstances.
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