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Additional computational details

Amsterdam Density Functional1 (ADF, version 2012) calculations were carried out using the all-
electron basis of DZP quality (double-ζ Slater-type orbitals plus one polarization function) given
in the program database. The precision numerical integration parameter was set to 5.0. The mix-
ing parameter during the Self-Consistent Field procedure was set to 0.1. Atomic positions were
relaxed until the default convergence thresholds of the code were reached. For the sake of consis-
tency with the GPAW calculations, PBE2 functional was used to describe the exchange-correlation
energy. In the same vein, both, singlet and triplet excitation energies were computed following
the same ∆SCF procedure as in the GPAW calculations.

Orca3 TD-DFT calculations on the molecular tandem scheme were performed with the CAM-
B3LYP4 functional and the def2-TZV5;6 basis set with the Stuttgart-Dresden SD(2,MWB)7 Effec-
tive Core Potential (ECP) for C, N and O and SD(10,MWB)8 for Zn. The ECPs were used due to
the size of the dyad. For the calculation standard convergence criterion were used and a total of
10 excitations were considered.

Table S1: Excitation energies for the individual dye 1 and 2 calculated using TD-DFT with PBE
and B3LYP as implemented in ADF

Dye PBE E1 (eV) B3LYP E1 (eV)

Dye 1 1.00 1.60
Dye 2 0.56 1.40

Table S2: Major orbital contribution and oscillator strength for the 3 most important excitations in
the proposed molecular tandem scheme dyad calculated using TD-DFT in Orca with the CAM-
B3LYP functional

Major orbital contribution fosc
HOMO-1 → LUMO 1.47
HOMO → LUMO+1 0.17
HOMO → LUMO 0.11
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Figure S1: Visualization of the frontier orbitals in the tandem setup calculated with PBE. The
HOMO and LUMO+1 of the full setup correspond to the HOMO and LUMO of dye 2 while the
HOMO-2 and LUMO correspond to the HOMO and LUMO of dye 1. Kohn-Sham eigenvalues
in eV are indicated in the figure. The figures are created from cube files created with GPAW and
visualized with Jmol.9 The isosurfaces are created with a cutoff of 0.05 (blue) and -0.05 (red).
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Figure S2: Visualization of the frontier orbitals in the tandem setup calculated with CAM-B3LYP.
The HOMO and LUMO+1 of the full setup correspond to the HOMO and LUMO of dye 2 while
the HOMO-1 and LUMO correspond to the HOMO and LUMO of dye 1. Kohn-Sham eigenvalues
in eV are indicated in the figure. The figures are created from cube files created with Orca and
visualized with Jmol.9 The isosurfaces are created with a cutoff of 0.005 (blue) and -0.005 (red).
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Figure S3: One-particle state based sketch of the steps involved in the intermediate band scheme.
Here the filled circles represent electrons and the empty circles represents holes. From right to left
in each box the dotted state is the redox mediator, the first set of solid lines represents the ground
state and excited state of dye 1, the second set of solid lines represents the ground and excited
state of dye 2 and the last dotted line represents the conduction band of the semi-conductor.

Table S3: Kohn-Sham eigenvalues for the Pd and Zn porphyrins proposed for the molecular inter-
band setup

State EKS(Pd) (eV) EKS(Zn) (eV)

HOMO -4.76 -4.76
LUMO -3.99 -3.99
LUMO+1 -3.55 -3.56
LUMO+2 -3.43 -3.32
LUMO+3 -3.35 -2.25

4



Supporting Information

Figure S4: Illustration of the iron(III)chloride version of dye 2. The calculation has been performed
using GPAW with the PBE functional as described in the Methods section with the exception that
the magnetic moment has been fixed to create a doublet configuration.
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Figure S5: Visualization of the proposed active orbitals for left: the Pd version and right: the Zn
version of the dye used in the single dye intermediate triplet state setup. The figures are created
from cube files created with GPAW and visualized with Jmol.9 The isosurfaces are created with a
cutoff of 0.05 (blue) and -0.05 (red).
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