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Abstract 
A dye-sensitized photoelectrochemical cell consisting of a film of SnC>2 
crystallites coated with ultrafine particles of AI2O3 generates an 
exceptionally high open-circuit vollage as compared to a cell made only 
from SnCV AI2O3 coating on SnC>2 improves the efficiency and the fill 
factor while delivering reasonably high photqeurrents. Photoexcited dye 
molecules on AI2O3 injects electrons into the conduction band of S n 0 2 via 
tunnelling through the A l ; O j barrier. Suppression of recombinations of 
electrons with the dye cations and the acceptors at the electrolytic interface 
build up the quasi-Fermi level in SnC>2 with an impressive increase of the 
open-circuit voltage. 

1, I n t r o d u c t i o n 

Dyc-scnsiti/cd (DS) solar cells based on nanocrystalline 
films of high-band-gap semiconductors arc receiving attention 
as promising alternatives to conventional solar cells |1-8J. 
Considerable effort is being diverted to improve their 
performance and to elucidate the charge separation and 
transport mechanisms |4 ,9 -14] . Although the probability of 
charge injection from the photoexcited dye molecules to the 
conduction band (CB) of the semiconductor is nearly \QQr/<, 
the open-circuit vollage (V,,,), the short-circuit phoU>current 
(/,,) and the energy conversion efficiency (r?) all arc reduced 
by charge recombinations |15.16] and other losses. A major 
factor that constrains rj is the low \'„,. The difference between 
the quasi-Fermi level (QFL) of electrons in the semiconductor 
under illumination and the potential of the redox couple (l"/l, 
in almost all cases) is the driving force of the electrons in the 
external circuit that determine the V„, of the cell [1]. As the 
QFL could increase up to the CB. the maximum achievable V,„ 
is of the order of the difference between the positions (if the CB 
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and the potential of the redox couple. However, in practical 
systems, ihe above specified theoretical limit for V,„ is rarely 
reached, because of the recombination losses that prevents the 
increase of the QFL up to the CB of the semiconductor. DS 
cells construcled from nanocrystalline films of TiCK generate 
Vm's- around 7(K) mV under favourable conditions [1-3], 
even though the theoretical limit is close to I V. The major 
recombination processes present in DS photovoltaic cells are 
(1) the back reaction or the combination ofthc injected electron 
with the dye cation (D'') at the surface of the semiconductor. 
(2) (he tunnelling of the injected electrons in the CB, lo the 
surface of the semiconductor, and the combination with the 
electron acceptors in the electrolyte (e.g.. 1J). 

The exposure of DS nanocrystalline films of TiOs to 4-tcri bulv Ipyridine is known to increase the V„, of the cell 
significantly, owing to the suppression cf recombinations of 
the type (2) 117]. The dye monolayer on the surface of TiOi 
lo some extent controls the leakage of CB electrons into the 
electrolyte. Obviously there could nut be perfect coverage of 
dye on the TiO; surface and bare portions act as regions where 
the CB electrons are released into the electrolyte. Surface 
chelation of these regions with 4-/m-bulylpyridine suppresses 
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