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Abstract 

Polythiophene-sensitized, nanocrystalline Ti02-based photoelectrochemical cells were fabricated either by using poly(3-thiophene acetic 
acid) (P3TAA) or a co-polymer; poly(3-thiophene acetic acid)-poly(hexyl thiophene) (P3TAA-PHT) polymers and their performances 
were examined. The photocells were able to generate reasonably high photocurrent, which increases in the presence of the electron-donating 
ionic liquids in the electrolyte composed of redox couple I3 . Dramatic enhancements in the cell performances were observed with 
the addition of ionic liquid l-memyl-3-n-hexylimidazolium iodide into the electrolyte. While the cell sensitized with P3TAA generated a 
short-circuit photocurrent of ~9.75 mA c m - 2 , an open-circuit photovoltage of ~405 mV and a total power conversion efficiency of ~2.4% 
under simulated full sunlight of 100 m W c m - 2 (air mass 1.5) the cell sensitized with copolymer P3TAA-PHT delivered ~1.6% efficiency 
under the same conditions with ~7 mA c m - 2 as photocurrent and —375 mV as photovoltage. The corresponding incident photon-to-current 
conversion efficiencies (IPCE) of the above cells were ~60 and ~40%, respectively. 
© 2004 Elsevier B.V. All rights reserved. 

Keywords: Conducting polymer dyes; Nanocrystalline Ti02; Dye-sensitized solar cells 

1. Introduction 

Dye-sensitized solar cells have attracted much attention 
as low-cost photovoltaic cells and have become a rapidly 
expanding field with potential applications, especially after 
the discovery of an efficient photovoltaic cell by O'Regan 
and Gratzel [1]. In this context, although highly efficient 
cells have been shown to operate with power conversions up 
to 10% using nanoporous T1O2 electrodes sensitized with 
ruthenium complexes, there remains the need for alternative 
photosensitizers for use with TiCh-based photovoltaic de­
vices especially due to the high cost of Ru complexes and 
the long-time unavailability of these noble metal materials 
[1-6]. 

As an inexpensive alternative to the Ru complexes, con­
jugated polymers (CPs) are attracting more and more inter­
est because of their wide absorption coefficients leading to 
efficient light harvesting properties, which could save the 
amount of dye to be used and reduced the thickness of the 
semiconductor film. In quest of commercially viable con­
ducting polymers, polythiophene and its derivatives have al­
ways been the most promising candidates because they have 
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high stability at both its doped and undoped states, being 
generally easy for structural modifications and controllable 
for electrochemical behavior [7-14]. In addition, it is eas­
ier to prepare the molecules that can be dissolved in a wide 
range of organic solvents. 

In a photovoltaic cell based on an n-type semiconductor 
and a CP, an exciton is photo-generated in the CP polymer 
layer. The exciton can diffuse to the semiconductor-CP 
interface, and dissociate via electron transfer into the 
conduction band of the semiconductor. While such an 
approach may seem good in theory, the highest global ef­
ficiency reported to date is very poor [12]. Even though, 
many researchers have demonstrated that the possibility of 
making p-n heterojunctions between CPs and inorganic 
semiconductors, little work has been done to demonstrate 
these CPs as photo-sensitizers ("dye" molecules) in the 
Ti02 devices with respectable performances [14-16]. Our 
strategy towards higher efficiencies in these conjugated 
polymer-sensitized TiC"2 solar cells is the improved sur­
face contacts between the sensitizing polymer molecules 
and the mesoporous TiC>2 surface. Recently, the organic 
dyes with carboxylic groups were successfully examined 
as effective sensitizers to the mesoporous TiC>2 as ob­
served a series of the ruthenium dyes [5,17,24]. In this 
context, poly(3-thiophene acetic acid) (P3TAA) is one of 
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