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Abstract. A photovoltaic cell was fabiicated by sandwiching a monolayer of the 
pigment cyanidin adsorbed on nano-porous n-Ti02 film (deposited on conducting 
tin oxide glass) within a transparent polycrystalline film of p-Cul, filling the 
intercrystallite pores of the porous n-Ti0 2 film. Photoexcited dye is found to inject 
electrons into n-Ti0 2 and holes into p-Cul, generating pholocurrents and • 
photovoltages that arc impressively h'gh for a dye-sensitized solid-state 
photovoltaic cell. 

' 11 In t roduc t ion 

The"fascinating phenomenon or dye-sensitization (DSN) 
, ; : 'of-lhc semiconductor surface (injection of carriers into 

. the .'hands'by photoexcited dye molecules adsorbed at the 
' . ' sur face) was first observed more than a century ago and 

continues to arouse Ihe interest of physicists and chemists. 
' In I87.1 Vogcl 11 j.madc the important discovery that dye-

. coaled silver halidc grains sensitize'lhc' photographic film 
to I tic absorption spectrum of the dye. The mechanism of 

• DSN was explained by Molt and Gurncy |2J as originating 
'•:!• from transfer of an electron by the exciicd dye molecule 

' to the conduction band of the silver halidc. Subsequent 
V - / ; studies [3-6.] confirmed that anodic (cathodic) sensitization 

; s occurs when excited dye molecules adsorbed at the surface 
of. the semiconductor inject electrons (holes) into the 

.conduction (valence) band and the type of sensitization 
:" (anodic or caihoclic) depends on Ihe band positions of the 

i•• semiconductor and Ihe energy levels of ihe dye. More 
'•\ recently, much attenlion was diverted lo DSN as a means 
>K:f of extending the spectral response of pholoclectrochemical 

• cells (PRCs) based on high-bandgap materials that arc 
i photostatic in electrolytic media [ 7 - l l j . Apart from the 

ability to use high-bandgnp stable materials, dye-sensitized 
• (DS) PECs possess another advantageous, properly;'namely 

•ithnl the scmiconclucioi'could be a low-purify polyciysi.alline 
i material. The reason for this is that DSN involves only 
•one band (the conduction band in an anodicaliy sensitized** 
process and Ihe valence band in a caiiiodically sensitized' 
process) and electrons and holes arc not both produced in 
the same material." Consequently recombinations arising 

• from impurities and delects arc nonexistent. •' 
The principle behind ,DS PJiCs is simply (he following. 

•Dye molecule D adsorbed at (he semiconductor surface 
!>; is photoexcited from the ground levci: S(> tO;lhc excited,.; 
jy!level S*: (singlet or triplet) and injects electrons into the; : 

conduction band (in an anodic process) creatingylhc dye 
. . . . / . 
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cation D h . Immediately thereafter the dye cation accepts 
an electron from the species X " of the redox couple X~/X 
in the electrolyte, regenerating the dye, and diffusion-
controlled migration of X to the cathode maintains the 
equilibrium of the redox electrolyte; that is 
' • i' . . . . . '. • . 
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Despite the above-mentioned attractive, features, the major 
drawback of DS PECs had been their low conversion 
efficiency. At monolayer or submonolaycr coverage of 

: Ihe dye, llie'quantum efficiency of charge injection per 
': ' molecule of the adsorbed dye approaches unity. However, 
'. in order to increase the energy conversion efficiency, the 

light absorption cross section needs to be increased by 
increasing* the surface concenlralion of the dye.: When 
(his is done, several other factors, vhich tend to decrease 
the efficiency, are encountered. Thick dye layers are 
electrically insulating and also cut off light that should 
be incident upon the dye molecules that arc adsorbed at 
the semiconductor surface. Furthermore, when the surface 
concentration of the dye is increased, de-activalion of 
the excited molecules by mutual interaction (concentration 
quenching) is promoted. The above problems are elegantly 
overcome in the DS • nano-porous (nano-porous means a 
porous film containing crystallites of nanometre size) TiOj 
photoelectrodes developed by Gratzcl and co-workers [12-

i: 15]. In a DS:nano-porous electrode each TiO^ crystallite 
is covered with • the dye at monolayer concentrations. 
However, light intercepts many particles, increasing the 


