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Abstract 

The flower pigment cyanidin anchors into nanoporous films of T i 0 2 by surface complexation. A photoelectrochemical cell made from 
cyanidin-sensitized nanoporous T i 0 2 , as a film deposited on conducting glass and with the I" + If redox couple in acetonitrile, generates 
high photocurrents of good stability. © 1997 Elsevier Science S.A. 
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1. Introduction 

Dye-sensitized photoelectrochemical cells based on 
[porous nanocrystalline films of TiOz (nanocells) are gaining 
pnuch attention as promising solar energy conversion systems 
11-6] . The performance of these devices depends largely on 
the dye used as the sensitizer [4]. The spectral response of 
the cell, photocurrent quantum efficiency and stability depend 
on the nature o f the dye. The important physical character­
istics of the dye, which determine the above properties of the 
:ell, are the absorption spectrum of the dye, the redox prop­
erties of the ground state and the excited state of the dye 
molecule in relation to the band positions of Ti0 2 and the 
anchoring ability of the dye molecules to the surface of the 
Ti02 nanocrystallites. Ruthenium complexes are good sen­
sitizers f o r the nanocell. Carboxylate ligands anchor the dye 
molecules to the TiOz surface and promote electron injection 
T o m the photoexcited level to the conduction band of Ti0 2 

1-3]. The search for alternative sensitizers is essential for 
he further development of the nanocell and other dye-sen-
litized molecular electronic devices. We have found [7,8] 
hat anthocyanidin flower pigments complex strongly with 
he surface of Ti0 2 , and act as efficient sensitizers. These 
jigments are generally photounstable in vivo, but remain 
lighly stable in a nanocell with an redox couple in 
icetonitrile and generate photocurrents comparable with 
hose from similar photoanodes sensitized with ruthenium. 
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2 . Experimental details 

Nanoporous layers of Ti0 2 were coated on fluorine-doped 
conducting tin oxide (CTO) glass (1.5 cmX2 cm; sheet 
resistance, approximately 40 ft/D) by the method described 
in the literature [3] using Degussa P-2S titanium dioxide. 
The flower pigment cyanidin [7] was obtained from the 
blood-red flowers of anthurium (this flower was selected 
because of its high cyanidin content and absence of significant 
quantities of tannins) by the following method. The flower 
spathe was crushed and boiled with 10% hydrochloric acid 
for 10 min. This process hydrolyses the glycoside (antho-
cyanin) yielding cyanidin chloride [7,8]. The solution con­
taining cyanidin chloride was shaken with toluene to remove 
lipophilic substances, separated from toluene and partitioned 
with butan-l-ol to extract the hydrolysed anthocyanin (cyan­
idin chloride). When the butan-l-ol extract was diluted with 
hexane (25% by volume) and shaken with water, cyanidin 
chloride was transferred to water. Chromatographic compar­
ison with an authentic sample showed that the solution con­
tained cyanidin with small quantities of pelargonidin [7,8] 
(anthurium spathe contains pelargonidin in addition to cyan­
idin which is the major pigment). Pelargonidin was removed 
by the following procedure. The pigment extract was evap­
orated in a rotary evaporator and the solid residue was washed 
with acetonitrile. Pelargonidin chloride (which is more sol­
uble in acetonitrile than cyanidin) was removed during 
washing. 

The absorption spectra of the pigment solution {obtained 
using a Shimadzu GC 9 AM spectrophotometer) in aqueous 


