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ABSTRACT

In the 21% century, the biggest challenge is to replace fossil fuels with renewable-energy
sources. With increasing population, the demand for energy is also steeply increasing. Solar
energy is one of the best alternatives to meet this increasing energy demand. While fossil fuels
emit COgy, thereby causing the greenhouse effect, solar energy has the advantages of being
eternally available and totally clean. By the successful combination of nano-structured
electrodes and efficient charge-injection dyes Professor Gratzel and his team developed the first
solar cell with energy conversion efficiency of 7 %. This solar cell is called the dye-sensitized

nano-structured solar cell or simply the Gratzel cell.

Dye-sensitized solar cells (DSSCs) have attracted attention of many researchers and companies
because of their low-cost and a reasonable photochemical conversion efficiency (13 %) for
liquid state DSSCs having a Co(ll/111) tris (bipyridyl)-based redox electrolyte in conjunction
with a custom synthesized donor-p-bridge-acceptor zinc porphyrin dye. The highest reported
efficiency is 15 % till date, for a solid-state DSSC with an inorganic-organic composite material
having a perovskite structure (e.g., CH3NH3Pbl3) as a dye sensitizer and with an organic

material as hole transport material (HTM) in place of an electrolyte.

For the first generation solar cells, the costs are high mainly because of the mono-crystalline
silicon being used. For the second generation solar cells, the thin active layer has a low
absorption capacity for sunlight, and comparatively a low-cost. The third generation solar cells
offer a good performance and also have a low-cost. Further, the DSSCs can be assembled by

simple assembly techniques.



A DSSC consists of a working-electrode, a counter-electrode, and an electrolyte in between the
electrodes. A working-electrode (fluorine doped tin oxide (FTO) glass coated with TiO>
nanoparticles with dye-adsorbed on it) acts as a photo-anode. Counter-electrode (FTO glass

with platinum deposited on it) acts as the cathode and the electrolyte contains a redox couple.

When light is incident on the working-electrode (photo-anode), it passes through the transparent
conducting glass (TCO) sheet. The dye gets excited and transfers its electrons to the TiO: layer,
and with this removal of electrons the dye gets oxidized. The electrons travel from TiO- layer to
the FTO glass through the load, and finally to the counter-electrode, thus completing the outer
circuit. The oxidized dye gets regenerated by the electrons from the electrolyte, and the
electrolyte is regenerated by the electrons from the counter-electrode. Thus, the photons from

the light generate electricity.

In the present study, the techniques for construction of a standard DSSC using FTO glass, TiO-
nanoparticles, N719 dye and electrolyte containing I/13” redox couple, with an efficiency of 7.18
% have been established. The use of platinum as a counter-electrode catalyst is one of the
costliest aspects of DSSCs. As platinum is a noble metal, replacement of platinum with plant-
derived low-cost material has been explored. The use of hemp-derived interconnected carbon
nano-sheets (ICNS) for platinum replacement decreases the cost of a DSSC with a reasonable
efficiency of 4.01 %. Effect of loading of different weight percentages of platinum in the ICNS-

based formulation was also studied.

Replacement of TiO2 nanoparticles in the scattering-layer with modified semiconductor-

nanoparticles in the scattering-layer of working-electrode has also been studied.



On Further, DSSC assembled using TiO2 shell and magnetic core nanoparticles in the
scattering- layer in place of TiO. nanoparticles showed improvement in efficiency to 7.87 %.
Electrochemical impedance studies (EIS) were also performed for determination of different
parameters like electron transport resistance, diffusion coefficient, diffusion length of the
standard DSSC, also for the DSSC using TiO2 shell with magnetic core nanoparticles in the

scattering-layer.

Vi
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