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Figure S1. Calculated absorption spectra for dye K1 using different functionals
dissolved in DMF solvent.

Table S1. Comparisons of the geometrical parameters between dyes K1, Rul, Ru2, and Ru3. Bond lengths
are in angstrom (A), and angles are in degree (°).

K1 Rul Ru2 Ru3
dRu-N; 2.129 2.162 2.188 2.068
dRu-N, 2.129 2.153 2.188 2.068
dRu-N; 2.041 2.058 1.982 2.032
dRu-N4 2.041 2.063 1.982 2.032
O0Ru-Ns-S; 170. 8 169.2 163.3 167.4
O0Ru-N,-S; 170.9 171.2 163.3 167.4
ON;-Ru-N; 99.8 96.6 108.1 97.7
ON,-Ru-Nj3 89.7 91.9 86.2 90.3
ON;3-Ru-Ny4 82.1 80.6 79.9 83.0
ON;-Ru-N, 89.7 923 86.2 90.3

ON;-N,-N3-N,4 12.6 13.9 7.8 13.0




Theoretical backgrounds for quantum dynamics simulation

Below we briefly summarized the implementation of quantum dynamics. The more detailed description
can be found in (Modelling Electron Quantum Dynamics in Large Molecular Systems; RSC Publishing:
London, 2013.)

The procedure for quantum propagation of the photo-excited electron: the time-evolved wave function

|¢1> can be written as a liner combination of atomic orbitals:
[p0)=2., B ®)ia) )

I O£> represents the atomic orbital a of atom i. The expansion coefficients ‘ B, (¢ )> , introduced in

where

eq 5, are computed according to:

i
Bi,a(t) = Zq i[{acq exp(_Feqj (2)
after solving the generalized eigenvalue equation,
q _ q
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Where H is the EH matrix and S is the overlap matrix in the atomic orbital basis. The coefficients C,,
introduced in eq 6, are defined by the expansion of the initial state in the orthonormal basis set of

eigenvectors | q> ,
|4(0))=2.,C.la) *

The coefficients O

i,a>

introduced in eq 6, are defined according to the expansion of the eigenvectors |q>

as a linear combination of atomic orbitals,

9)=2.,,0Lli.e) (5)

The projection of the time-evolved electronic wave function onto the atomic orbitals of the molecular
adsorbate is, therefore, obtained according to the equation,

P@)=3 17" Bl (OB, 4(0S., (©)

Here S;jﬁ = <i, o | 7, ﬂ> , where the indices a and B label specific orbitals in atoms i and j, respectively.

Note that the sum over j includes all of the atoms in the nanostructure, whereas the sum over i includes
only atoms in the initially excited molecular adsorbate. Population is the survival probability of photo-
excited electron is still in the adsorbate molecule at time ¢ after the excitation of the system.



