Modeling of 5,6-dihydroxyindole and caffeic acid on TiO,: direct electron injection in
Dye-Sensitized Solar Cells

. .. «ab . . «ab . ) o . . .
Adalgisa Sinicropi®”, Maria Laura Parisi®’, Alessio d’Ettorre” , Lorenzo Zani‘, Gianna Reginato’,
. . ] . b
Maurizio Taddei, Riccardo Basosi*

“Department of Biotechnology, Chemistry and Pharmacy, University of Siena, via A. Moro, 2, 53100 Siena, Italy,
YCSGI, Center for colloid and surface science, via della Lastruccia 3, 50019, Sesto Fiorentino, Italy; “Italian National
Council for Research - Institute for the Chemistry of OrganoMetallic Compounds (CNR-ICCOM), Via Madonna del
Piano 10, 50019 Sesto Fiorentino, Italy E-mail: riccardo.basosi@unisi.it

Catechol-based sensitizers have been indicated as light-harvesting molecules for Dye-Sensitized
Solar Cells (DSSC). Upon binding TiO, they exhibit broad photoabsorption dye-to-TiO, charge
transfer (DTCT) bands, in the longer wavelength region, whose
photoexcitation leads to a direct electron injection in the TiO; Tio,
semiconductor [1,2]. In order to identify novel sensitizers for DSSC
employing such a direct mechanism, we model the electron injection

DHI-TIO, MOs (a selection) mechanism of 5,6-dihydroxyindole

L_lg (DHI) and cafteic acid on (TiO;)9 using TiO,
\ P density functional theory (DFT)
Y h methods, as successfully applied in a

. previous study [3]. The calculation of '

excitation energies at the time-dependent DFT level show that for
both sensitizer/TiO, systems it is possible to identify a broad DTCT
HOMO UMO+12  LUMO+19 band along with the absorption of the isolated chromophore. The
inspection of the wavefunction plots of the molecular orbitals
reveals that the transitions governing the DTCT excitation include

% the HOMO, localized on the sensitizer, and several unoccupied
orbitals whose electron density is mainly localized on the TiO,
cluster with a non-negligible contribution on the TiO;-bonding
oxygens of the sensitizers. These features indicate a strong
electronic coupling for both TiO;-absorbed sensitizers, which is in
favor of a direct mechanism of injection. The strong coupling is also

HOMO LuMore HMO20 - confirmed by a Density of States (DOS) and partial DOS analysis. In
conclusion, our results strongly suggest that a direct electron transfer mechanism applies for both
DHI and caffeic acid when adsorbed on TiO, and used as sensitizers for DSSC.

Caffeic acid-TiO, MOs (a selection)
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