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Dye-sensitized (DS) solid-state cells in principle are 
stable systems. However, the devices of this type reported 
so far have efficiencies smaller(1-5) than DS 
photoelectrochemical cells (PECs)(6,7). The reason seems 
to be the higher rate of recombination in the DS solid-
state cells, compared to the DS PECs. Here the surface 
recombination are expected to very high because of the 
large area of the n-type semiconductor/dye/p-type 
semiconductor heterojunction interface. Moreover, the 
formation of voids in the dye layer cannot be completely 
avoided and direct contact of n-type and p-type 
semiconductor promote recombination. We have found 
that surface recombination in DS solid-state can be 
greatly suppressed by coating of an ultra-thin layer of 
MgO on the nanocrystalline TiO2 film. This coating is 
made by boili ng the TiO2 coated plate in a solution of 
magnesium acetate, rinsing with ethanol and sintering. 
The thickness of the MgO shell estimated from a 
knowledge of the quantity of MgO in the film and its 
surface area is ~ 0.5 nm. The presence of MgO shell on 
TiO2 crystallit es was not visible to SEM or TEM. 
However EDX clearly demonstrated the distribution of 
Mg on the film surface. Naturally the characterization of 
ultra-thin shells on nanocrystallites is exceedingly 
difficult. 
RuN3 dye is coated by the usual method and CuI is 
deposited from a solution of CuI in acetonitrile containing 
a small quantity of a CuI crystal growth inhibitor. The 
crystal growth inhibitor we used earlier was 1-methyl-3-
ethyl-imidazolium thiocyanate. Recently we found that 
triethyl ammonium thiocyanate gives equally good or 
even better results. 
Dye molecules adsorbed on the outer MgO shell injects 
electrons into the conduction band of TiO2, concomitantly 
releasing a hole to CuI. The dye coated insulating MgO 
barrier suppresses the recombination, As a result, the open 
circuit voltage, fill factor and the eff iciency are increased 
(Fig. 1 andTable.1). The slight decrease in the 
photocurrent could be due to a decrease in the injection 
efficiency originating from MgO barrier or increase in the 
internal  resistance of the film  by interposition of a MgO 
layer between TiO2 crystall ites. We believe that the 
efficiency of DS solid-state cells based on this idea can be 
further increase if methods are found for deposition of 
unbroken ultra-thin films of dye adsorbing insulators on 
TiO2. 
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Table. 1 Short-circuit photocurrent (ISC), Open-circuit 
voltage (VOC), Fill-factor (FF) and Eff iciency (η) of the 
TiO2/dye/CuI and TiO2/MgO/dye/CuI cells. (AM 1.5 
1000 W· m-2 simulated sunlight). 

 ISC(mA· cm-2) VOC(V) FF η(%) 

TiO2/Dye/CuI 14.7 0.52 0.44 3.2 

TiO2/MgO/Dye/CuI 14.0 0.62 0.56 4.1 
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Fig. 1 I-V characteristics of the TiO2/MgO/dye/CuI cell 
(AM 1.5 1000W· m-2 simulated sunlight) 


