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Abstract. Tannin and related polyphenolic substances strongly surface chelate with 
Ti0 2 sensitizing nano-porous films of Ti0 2 to the visible spectrum. The photovoltaic 
cell nano-porous n-Ti02/tannin/p-Cul generates highly stable photovoltages. The 
result is explained as the effectiveness of the Ti'" -tannin complex on the surface of 
Ti0 2 in preventing short-circuiting across the Ti02/Cul barrier. 

1 . Introduction 

The dye-sensitized nano-porous T i0 2 photoelectrochemical 
cell (PEC) developed by Gratzel and co-workers [ 1 -
4], with an efficiency exceeding 10%, is receiving 
much attention as a cheap solar energy conversion 
device. However, the liquid electrolyte presents several 
technological problems, such as dye desorption, solvent 
evaporation and degradation and seal imperfections. One 
of the authors (KT) of this paper and his group have 
developed a cell based on dye-sensitized nano-porous T i 0 2 

films, where the electrolyte is replaced by the optically 
transparent p-type semiconductor Cul [5-8]. In this n-type 
semiconductor/dye/p-type semiconductor (NDP) device, the 
photoexcited dye molecule injects electrons into the n-type 
semiconductor with the formation of dye cation, which 
subsequently injects holes into the p-type semiconductor, 
i.e., 

D + hv -> D* 
D* -* D + + e" 

i 
conduction band n-type semiconductor 

D + -+ D + h + 

I 
valence band p-type semiconductor. 

The other parallel reaction, i.e., 

D + hv -> D* 
D* -+ D + h + 

I 
valence band p-type semiconductor 

D" -+ D + e" 
i 

0 conduction band n-type semiconductor 
is also realizable. The actual process is the injection of 
electrons and holes respectively into the conduction and the 
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valence bands of two semiconductors (n-type and p-type) 
by the photoexcited dye molecules, i.e., 

D + hv-* D' 
D* ~* D" + e" + h + 

valence band conduction band 
n-type material p-lype material. 

The advantage of a device based on the above concept is 
the absence of a chemistry (i.e., redox chemical reactions) 
in the electron transfer process (unlike in a PEC), which 
leads to irreversibility and complete suppression of bulk 
recombinations within the two semiconductors as only one 
type of carrier is confined to each of the semiconductors 
(i.e., electrons in n-Ti02 and holes in p-Cul). 

Construction of an NDP photovoltaic cell is severely 
restricted by the special properties the materials should 
possess. 

(i) A technique must be available for deposition of thin 
nano-porous films of stable high-band-gap semiconductors. 
Nano-porous films of n-Ti0 2 are ideally suited for the 
purpose. 

(ii) A monolayer coating of a dye needs to be deposited 
on the porous film. The coating will have to be continuous 
and the surface unexposed to the dye should be minimized. 

(iii) The other semiconductor (p-type) must be 
transparent to the visible region of the spectrum, where 
the dye absorbs light. 

(iv) A method must be available for depositing p-type 
material without dissolving or degrading the monolayer of 
dye on Ti0 2 nanocrystallites. 

(v) The dye must be such that the excited level is 
located above the bottom of the conduction band of T i0 2 

and the ground level below the upper edge of the valence 
band of (he p-type material (figure 1). This is a requirement 
essential to facilitate electron transfer from the excited dye 
molecule to the conduction band of n-Ti0 2 and hole transfer 
to the valence band of the p-type material. 


