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SI-1. Optimization of the Extended Huckel parametes

In the quantum dynamics calculations, the electrgmoperties of the system are described by
means of a tight-binding Hamiltonian based on tktereded Hiickel (EH) theoty. This method
employs as basis set nonorthogonal Slater-typaatsh(STO) centered at different atoms. The
molecular orbitals (MO) are constructed as lineankinations of the STO atomic orbitals (AO)
asy; = Y- ¢y, . It follows that the coefficients,; are obtained by solving the generalized
eigenvalues equatidiiC; = ¢;SC;. The diagonal elementd? of the H matrix, also called

Coulomb integrals, represent approximately thenadestate oxidation potentials of the atomic

speciesi, and their value is assigned through paramet@izafThe off-diagonal elements
HY, =% kim(H;; + Hpm)Sim (Or resonance integrals) represent the energgeo€lkectron in the

region where the two atomic orbitalsand m overlap Gn). kim are the modified empirical
Wolfsberg-Helmholz parametérs The matrix elements of the tight-binding EH Haoniian are
therefore dependent on three semiempirical paraméig, k,,, and the effective charge of the
nucleus {) embedded in the definition of the STOs. In tharky the optimization of the standard
EHT parameters is performed only for the chemicpécges belonging to the organic
chromophores; details of the method are providezhdhinitially, the density of states (DOS) for
the (110) surface of anatase is obtained with thadsrd EH parametérémposing periodic
boundary conditions along the [101] and the [0li@ations. For the calculation of the isolated
TiO, surface, as well as for the functionalized one,oatmorhombic supercell with lattice
parameters a=10.239 A, b=15.137 A and c=40 A isl.uges can be seen in Figure S1 below, the
standard EH calculation estimates the lower edgthefTiG conduction band (CB) to begin at -
10 eV. Although it is experimentally difficult tosgign an exact estimate to this parameter, -4.0

eV (vs. vacuum) is commonly found as approximat@ide for the onset of the TG B>®.
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Figure S1. Density of states of a two layers (10&patase slab obtained through electronic
structure calculations with standard EH parameters.
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At the same time, the chromophore geometries armized in their ground state within the DFT
level of theory, using the exchange correlationcfiomal B3LYP coupled with the cc-pVDZ
basis set. These calculations are performed wih@hussian09 software package order to
obtain the correct energy gradient with respedh&semiconductor CB edge, the DFT frontier
molecular orbital (FMO) energy values are downtslifof 6 eV. These corrected energies are
used as target values for the optimization of tHepgarameters.

The optimization is performed using a cost functioh the form f({¢},{H?}, {k}) =
Y w [P {HGY kD) — Pjref]z, whereP;({x}) is the system’s property of interes@fef the
target value for that property awglthe relative weight of the constraint. For the preésvork we
constrain only the energy values for the highesup®d molecular orbital (HOMO), the lowest

and the second lowest unoccupied molecular orl{iteIMO and LUMO+1) of the dye

molecules. The shifted DFT energies are used gettaralues. The comparison between the
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symmetry of the orbitals obtained with DFT/B3LYPdaixtended Huckel is also used to
evaluate the quality of the optimized parameters.

The results of the calculations performed withgkmi empirical and thab initio methods are
compared in Table S1 and Table S2 below. Thesdtsesmlidate the use of the optimized set of

EH parameters for the electronic description ofitivestigated complexes.

Table S1. Comparison between the frontier moleculaorbital (FMO) energies obtained
with the DFT/B3LYP method, the target values for te EH parameters optimizations, and
the FMO energies calculated with the optimized EH @rameters. The target values are
estimated by applying a rigid 6 eV down shift to te DFT/B3LYP energy values.

DFT/B3LYP Target values Optimized EH

(eV) (eV) (eV)
HOMO 4.7 -10.7 -10.7

T-AM LUMO -2.6 -8.6 -8.6
LUMO+1 2.4 -8.4 -8.3

Table S2. Comparison between the FMO of the T-AM nlecule calculated in vacuum at the
DFT/B3LYP and at the Extended Huckel level of theoy.
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SI-2. Quantum dynamics propagation of the hole anélectron wave packets

In this study, the processes of charge transfestaited by combining quantum electronic and
classical molecular dynamics methods. This tecleidnas already been applied for the
description of charge transfer processes in previgarks, where more theoretical details can
also be founti*’ Here we present only the basics of the theolaiggroach.

The quantum propagation of the hole/electron waaeket is performed either on a static
nuclear geometry or along a classical nuclear dycstrajectory obtained a priori.

The initial wave packet for the hole and the elattare set as the HOMO and the LUMO of the
adsorbate molecule and can be written as a lin@abimation of position dependent localized
atomic orbitals (AO)|¥(0)) = X45° C,(0) |¢(0)). These AO are used to build up the tight-
binding Hlckel Hamiltonian matrix elements; . Diagonalization of this Hamiltonian produces
the adiabatic basis of delocalized molecular olbifO). The transformation of the wavepacket

from AO to MO basis set can be achieved using thmanstormation operator

P =3y Tpx|0) SN = g Coplo) 1.

If it is assumed that the nuclei do not changer thesitions, the Hamiltoniar;; matrix elements
do not evolve in time. Therefore, solving the tidependent Schrddinger equation for the wave
packet [P () = Xy Cyp () [P (0)) in the MO basis leads to the
solutionCy,(t) = Cy,(0) exp(—iEy t/h) , where the phase of the wave packet coefficightét)

are the only quantities evolving in time.

However, this static approximation is valid onlythin a timeframe where nuclear vibrations can
be disregarded (< 30 fs). For longer simulationsglear dynamics ought to be taken into

account.
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In this work, the nuclear trajectory for the iseldhtmolecule is calculated beforehand throagh
initio Molecular Dynamics using the Car-Parrinello MD (@P) codé? The DFT/B3LYP
optimized geometry is used as starting point fa BD simulation, which is carried out in
vacuum using the pseudopotential of referéhwéth a plane wave cut-off of 70 Rydberg and the
BLYP! exchange correlation functional. Applying the Né&#over thermostat the molecules
are brought at a temperature of 300 K and alloweeljuilibrate for 2 ps using a time step of 0.1
fs. During the whole simulation, the atoms of theboxylic acid anchoring group are constrained
in their initial positions. At the end of the simtibn the carboxylic acid is replaced with the
previously optimized Ti@slab already functionalized with the anchoring.uni

Once the nuclear trajectory is obtained for theootophore, the hole and the electron wave
packets are propagated along this trajectory foliguthe combined AO/MO time-propagation
method**® When the nuclear coordinates change, the posigpendent atomic orbitals become
time dependent, inducing a time dependence alsiweitdamiltoniant;; (t). The solution of the
time dependent generalized eigenvalue equaldgn= ESy at each time step produces the
adiabatic molecular orbitalgy(t)) of the entire system. In this work, the time stispd for the
guantum dynamics is the same used for the MD ti@jg®dt = 0.1 fs. Within the time slicér

the MO basis functions and the EH Hamiltonian asated as time independent. Thus the
wavepacket is time evolved in the MO basis repragiem. At the end of the time slice the
evolved wavepacket undergoes a unitary transfoomabiack to the AO basig¥(67)) =

2 Cy(0T) |9(0)). The new coefficients of the wavepackgt(6t) are passed to the next MD

nuclear configuration.
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This methodology has been already applied for #seaption of heterogeneous electron transfer
processes™. A detailed description of the methodology witlpknation of the electron-nuclear

coupling dynamics can be found in R&f.

SI-3. Test on geometrical relaxation in the excitedtate

An additional test has been performed to checleffexts of the photo-excitation on the T-AM
chromophore. Using the CAM-B3LYP exchange-correlatfunctional with a cc-pvVDZ basis
set, we have optimized the geometry of the T-AM dyehe first excited state, which has a
dominant HOMO-LUMO character. The optimized geometr the excited state shows only
small changes in the C-C bond lengths of the teng/lantenna with maximum displacements of
~0.03 A. Given that the LUMO is highly localized dhe terrylene, not surprisingly these
geometrical changes are only observed in the tareymolecule and do not propagate on the AM
bridge whose geometry is essentially not modifigdtibe excitation. These results strongly
suggest that the dynamics of the AM bridge willHaedly affected by the excitation localized on
the terrylene antenna, giving further justificatimthe use of a ground state dynamics for the

study of the electron injection.
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Figure S2. Electron and hole time-dependent surviigrobability profiles of system T-AM-
TiO, (blue and green line, respectively). The quantum yhamic evolution of the
wavepackets is performed on a fixed set of moleculaoordinates (ground-state optimized
geometry) using EH parameters optimized against DEFB3LYP results. The time step of the
simulation is 8t=0.1fs.
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Figure S3. Localization of the Electron Donor and Eectron Acceptor states along the T-
AM-TiO , MD trajectory. On the right hand side are reportedthe MD time frames and the
value of the dihedral anglea corresponding to the two electronic states shown
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Figure S4. Energy values of the Electron Donor anthe Electron Acceptor orbitals along a
portion of the EQD simulation.
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Sl-4. Test on T-Stilbene-TiQ

The survival probability reported in Figure 2 angjufe 3 shows a constant decrease of the
electron wavepacket localized on T-AM. This indgsathe absence of large charge fluctuations
from the semiconductor back onto the donor statbeflye. To verify that this is due to the AM
bridge rectification properties, following the samemputational procedure used for T-AM —
TiO,, we perform an EQD simulation for a system in wahige substitute the AM bridge with the
fully conjugated (E)-stilbene molecule (Figure 95 @ue to its conjugation this system is not

expected to show rectificatidh
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The results for T-Stilbene-TiCare reported in Figure S5 b. Due to the fully cgajed nature of
(E)-stilbene, the initial wavepacket is localizeat only on the terrylene but on the entire dye. In
this case the electron injection is extremely fadtie to the strong coupling with the
semiconductor conduction band states (see Figuie 5t 20 fs). However, along the dynamics
the survival probability for T-Stilbene-TiOshows strong fluctuations associated with electron
density fluctuation between the antenna and thecesmuctor (see insets in Figure S5 b). This is
a strong indication that the T-Stilbene-}iGystem does not show rectification capability in

contrast to the results shown for T-AM-TiO

Figure S5. (a) Schematic representation of the T-Biene dye. (b) SP profile of the EQD
simulation of T-Stilbene-TiO2 along an MD trajectory. The insets show the wavepacket
localization at different snapshots along the EQD.
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