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Dye synthesis and characterization: 
 
Different triarylamine monoaldehydes were chosen as hole transport moieties and they were connected 
to a 2,2´-bipyridine ligand with a conjugated vinylene spacer using Wittig reaction. A 
bis(bipyridine)Ru(II) precursor carrying carboxylic acid anchor groups was synthesized as per 
literature procedure1 and subsequently tris(bipyridyl)Ruthenium(II) complexes were prepared from 
this by reacting with the new bipyridine hole transport ligands by refluxing in DMF. The detailed 
synthesis and characterization of these dyes will be published later. The synthesis of the polymer dye 
was carried out according to the published procedure for the ones without any anchor groups2.The 
anchor groups serve for chemisorption on the TiO2 surface and the hole transport units should lead to 
spatial separation of the holes away from the TiO2 surface.  
 
Preparation of TiO2 particles and nanocrysatlline Films: 
The TiO2 paste, consisting of 15 nm sized particles as determined by HRTEM, were prepared from a 
sol-gel colloidal suspension containing 12.5% wt. TiO2 particles and 6.2% wt. Carbowax 20,000. The 
nanoparticles were fabricated by the following procedure. 20ml of titanium iso-propoxide were 
injected into 5.5g. of glacial acetic acid under argon atmosphere and stirred for 10 minutes. The 
mixture was then injected into 120 ml of 0.1 M nitric acid under anhydrous atmosphere at room 
temperature in a conical flask and stirred vigorously. The flask was left uncovered and heated at 800C 
for 8 hours. After cooling, the solution was filtered using a 0.45 µm syringe filter, diluted to 5% wt. 
TiO2 by the addition of H2O and then autoclaved at 2200C for 12 hours. The colloids were re-dispersed 
with a 60 seconds cycle burst from a LDU Soniprobe horn. The solution was then concentrated to 
12.5% on a rotary evaporator using a membrane vacuum pump at a temperature at 40ºC. 6.2% by 
weight. Carbowax 20,000 was added and the resulting paste was stirred slowly overnight to ensure 
homogeneity. The suspension was spread on the substrates by a glass rod, using 3M adhesive tapes as 
spacers. After the films were dried in air, they were sintered at 4500C for 20 minutes in air. The 
thickness of the TiO2 films was controlled using different tapes, resulting in film thicknesses of 
between 4 and 8 µm. BET and SEM analyses indicated an average pore size and surface area of ~ 20 
nm diameter and 145 m2g-1 respectively.   
 
Dye sensitization and characterization: 
Dye adsorption was achieved by immersion of the electrodes in acetonitrile / toluene solutions for 2 
hours for dyes 1 and 2 and overnight for dye 3. All three dyes incorporate carboxylate groups (-
COOH) to achieve direct binding to the TiO2 surface. Figure below shows the steady state UV-vis 
absorption spectra obtained for dyes 1, 2 and 3 attached on nanocrystalline TiO2, indicating excellent 
adsorption which is further supported by inset. The sensitising conditions were selected to achieve ~ 
10 % of monolayer coverage for all three sensitiser dyes, thereby minimising direct interactions 
between adsorbed dyes. Also shown for comparison is the characteristic absorption spectrum of a bare 
TiO2 film prior to any dye adsorption. 
 

                                                 
1 Nazeeruddin et al. J. Am. Chem. Soc., 1993, 115, 6382 
2 Peter et al. Macromolecules, 2003, 36, 1779 



 
 
 
 
Laser-based transient absorption spectroscopy: 
For determination of the transient absorption data, samples were excited at 430 nm for all three dyes 
with pulses from a nitrogen laser pumped dye laser (<1ns pulse duration, 0.8 Hz, intensity, ~ 40 ? Jcm-

2 at 430 nm), these excitation densities being selected to ensure matched densities of absorbed photons 
for both dyes, corresponding to ~ 0.6 absorbed photons / TiO2 nanoparticle. The result ing 
photoinduced change in optical density was monitored by employing a 100 W Tungsten lamp, with 20 
nm bandwidth monochromators before and after sample, a homebuilt photodiode based detection 
system and a TDS-220 Tetronix DSO oscilloscope. UV-Visible measurements were performed after 
each experiment to monitor any desorption/degradation of the sensitiser dye. No changes in the UV-
Visible spectra were observed for the photoelectrodes after transient absorption experiments. 
 
DFT calculations: 
TD DFT (time dependant density functional theory) allows excited state predictions of molecules and 
takes into account electron correlations which are important for transition metal complexes.  The 
motion of an electron is actually governed not by the average position of the other electrons but by 
their instantaneous positions.  Thus the electron motion is in fact correlated to that of all other 
electrons.  The basis of DFT states that the minimal energy of a collection of electrons under the 
influence of an electric field is a functional (a function of a function) of the electron density.   An 
exchange correlation is used which includes terms for both the exchange energy and electron 
correlation.  The calculations we use utilise Becke’s 3 parameter hybrid method (B3) for the 
calculation of the exchange correlation energy containing the LYP non-local correlation functional 
(B3LYP DFT).  For DFT calculations, a mathematical representation of the MO within the molecule 
or basis set is specified.  The basis set acts to restrict the electron to a particular region of space and 
consequently larger basis sets means fewer constraints on electrons which equals in a more accurate 
approximation of MO.  The restriction on the basis set of choice in our study is imposed by the 
Ruthenium atom and so  the electronic structures of the complexes were estimated by full population 
analysis using a general basis set with 6-31G(d) for N, O and C, 6-31G for H  elements and an 
effective core potential basis set; LANL2DZ for ruthenium.  The calculations were carried out using 
the Gauss View 3.08 program. 
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