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1 Abstract 
I 
i i 

! Santalin, a pigment extracted from red sandalwood strongly surface complex to T i 0 2 , sensitizing nano-porous film of T i 0 2 to the visible 
l spectrum. Because of the stability of such films, dye-sensitized solid state photovoltaic cells of sandwich structure (nano-porous n-TxO-J 
'< santalin/p-type semiconductor) can be constructed by depositing p-Cul or p-CuCNS on santalin coated nano-porous films of T i 0 2 . High 

stability of santalin complexed to T i 0 2 enables deposition of the p-type semiconductor without destroying the pigment layer. Light 
; absorbed by the dye-molecules injects electrons into T i 0 2 and holes into Cul (or CuCNS) generating short-circuit photocurrent ~ 6 mA/cm 2 

i and photovoltage ~ 4 5 0 mV at 800 W/m 2 simulated sunlight. © 1998 Elsevier Science S.A. All rights reserved. 
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; 1. Introduction 

Photoexcited dye molecules adsorbed on the surface of a 
i n-type (p-type) semiconductor surface inject electrons 
, (holes) into the conduction band (valence band) if the 
( excited level (ground level) of the dye molecule is located 

above the conduction (valence) band. This phenomenon 
. known as dye-sensitization (DSN) finding applications in 
.' photography and photovoltaics continues to arouse funda­

mental interest [ 1 - 1 2 ] . It is well known that colour photo­
graphy depends on D S N of silver halides which are high 
band gap semiconductors [1]. The recent interest in D S N 
originated from the fact that this effect could be utilized to 

, construct photoelectrochemical cells (PECs) based on high 
! band gap semiconducting materials, that are stable and 

resistant to photocorrosion [ 7 - 1 1 ] . It was also noted that 
D S N is a single band carrier injection process [8]. Therefore 
the problem of bulk recombinations is absent, enabling the 
use of impure polycrystalline films. The chief disadvantage 
of dye-sensitized PECs had been the low energy conversion 
efficiency. Only the first few mono layers of dye molecules 
adsorbed on the semiconductor surface are capable of 
injecting carriers into a band and consequently the photo­
current quantum efficiency is small. This problem is ele­
gantly resolved in dye-sensitized solar cells based on nano-
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porous films of T i 0 2 [ 1 2 - 1 5 ] . Because of the very large 
effective surface area (approximately 800 times the geome­
trical area of nano-porous films), a high light absorption 
cross section is achieved even at monolayer surface con­
centrations of the dye. 

In a dye-sensitized PEC with nano-porous T i 0 2 , the 
charge on the dye molecule which had transferred an 
electron into the conduction band is. scavenged by a redox 
species present in the electrolyte [ 1 2 - 1 5 ] . The liquid elec­
trolyte in dye-sensitized PECs encounter several practical 
problems such as dye desorption, solvent evaporation and 
seal imperfections. Furthermore, the ionic charge transport 
leads to irreversibility, because chemical reactions other 
than those of the redox cycle are not completely forbidden. 

A more attractive idea is to replace the electrolyte by a 
transparent (therefore high band gap) semiconductor to 
collect the positive charges from the dye molecules which 
have injected electrons into the n-type material [16,17] . In 
such a device of structure n-type semiconductor/dye/p-type 
semiconductor (NDP) which is symmetric with respect to 
the two: semiconductor surfaces (sandwiching the dye mole­
cules) the primary process occurring is, injection of an 
electron and a hole into the n-type and 'p-type materials 
by the excited dye molecule. 

The construction of N D P photovoltaic cells of nano-
porous structure is restricted by the constraints involved 
in chooi ing the semiconductor materials and dyes with 
mutually compatible properties. T i 0 2 is undoubtedly a good 
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