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Abs t rac t 
Oxide semiconductors with p-type conductivity were found to be good 
candidates to be used as hole collectors in dye sensitized solid-state solar 
cells (DSSC). In this paper, a delofossite p-type CuAIOi semiconductor was 
synthesized by a hydrothermal method and its properties were investigated 
as a hole collector in DSSC. The valence band (VB) and conduction band 
(CB) positions of C u A 1 0 2 were appropriate to be used as the hole conductor 
in DSSC. Solar cells constructed with T i 0 2 / R u dye /CuA10 2 deliver / i c = 
0.08 mA c m - 2 and V o c = 525 mV. The particle size of C u A I 0 2 prepared by 
the hydrothermal method was ~ 3 0 0 - 5 0 0 nm and the large CuA10 2 particle 
penetrates weakly into the pores of a nanocrystalline matrix resulting in the 
weak interaction of the dye and hole collector, which was found to be one of 
the reasons for the poor solar cell performance of the solar cell constructed 
with CuA10 2 as the hole collector. Bigger particle size and poor p-type 
conductivity arc found to be the major limiting factors of CuA10 2 as a hole 
collector. The solar cell performances of electrodes constructed with 
T i 0 2 / R u dye/NiO are also discussed. 

1. In t roduct ion 

DSSCs based on liquid electrolytes have reached efficiency as 
high as 10% under AM 1.5 (1000 W m~ : ) [1, 2], In DSSCs. 
dye is regenerated using a suitable liquid redox couple, i.e. 
1 11-3]. In such solar cells uV main problem is 
that the liquid electrolyte limits device stability owing to 
the evaporation of the liquid electrolyte as the perfect 
sealing of solar cells is not possible. Recently liquid 
electrolytes have been replaced by molten salts, inorganic 
p-lype semiconductors, organic hole transport materials, ionic 
liquid electrolytes and polymer electrolytes [4-10]. The solid 
state dye sensitized solar cell (SS-DSSC) often met problems 
of short-circuit and mass transport limitations of the ions 
resulting in low conversion efficiencies compared with the 
liquid version. Only a few types of p-type semiconductors 
have been tested as solid hole collectors, i.e. CuSCN [ l l | , 
Cul [12], because of the difficulty in identifying a suitable 
hole collector. Finding a suitable hole collector with an 
appropriate band gap, band positions (the upper edge of the 
valence band of p-type semiconductors must be located above 

the ground state level of the dye) and a method for its deposition 
preserving the properties of the adsorbed dye layer with proper 
contacts between dye and the p-type materials is an immense 
challenge. 

. Although CuSCN and Cul possess an appropriate band 
gap and band positions, both lack stability and lend lo degrade 
in a short time. Fast deterioration of the solar cell efficiencies 
of Cul-based SS-DSSC has been reported due to excessive 
iodine in the Cul film and oxidation of Cul under illumination 
[13]. Regarding the stability, inorganic oxide semiconductors 
are good candidates as hole conductors for SS-DSSC. Despite 
their superior stability, inorganic oxide semiconductors have 
seldom been utilized as hole conductors in SS-DSSC to date 
mostly because of the scarcity of p-type oxide semiconductors 
and difficulties of fabrication of an oxide semiconductor on 
dyed TiOi [14]. Recently Kawa/.oe et a! and Hiroshi et a! 
reported the synthesis of several p-type oxides by RF and 
high temperature sintering methods [15-18]. The preparation 
of Q 1 A I O 2 and CuSr0 2 by combination of the wet chemical 
and hydrothermal methods has also been reported in 119-22]. 
Thus the availability of new types of p-type semiconductors 
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