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1 Optimized Cartesian Coordinates of Conical Intersection
Structures

The essential mechanistic analysis is centered on static chemical calculations revealing po-
tentially accessible photochemical pathways. To this end conical intersection searches have
been conducted relying on the branching-plane update method. All structures were obtained
at the TDA-BH&HLYP/6-31G* level of theory with the GAMESS program packagell. The
obtained structures reveal a consistent mechanistic scenario indicating a photochemical route
relying predominantly on in-plane motion of the porphine plane. Therefore the energetically
unfavorable pyrrolic out-of-plane bending is effectively circumvented.
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e xyz coordinates of the S3/S2(Nyy/Qy) conical intersection
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2 DFT Benchmarks and Additional Computational Considerations

Throughout this work a variety of DFT functionals was screened regarding geometric and
excited state properties of the free-base porphine molecule. For the benchmark calculations
the Gaussian092] program package was used as cited in the main paper.

The influence of the basis set quality is depicted for the B3LYP, BP86 and CAM-B3LYP
functional in combination with the 6-31G* and the SVP basis sets.

Additionally, the PCM solvation model was utilized to explore environmental stabilization
or alteration of mechanistic details in the presence of benzene.
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Figure S3 — The marginal influence of a PCM solvation model (benzene) is demonstrated for

the S3/52(Ngzy/Qy) conical intersection. To this end a one-dimensional potential cut
without PCM (left) and with PCM solvation model (right) along a linear interpolation
coordinate is displayed connecting the Franck-Condon minimum structure with the
CI structure, all relative energies in eV.



3 Multiconfigurational Assessment and Comparison to TDDFT

To evaluate the reliability of the employed TDDFT methodology multiconfigurational calculations[3),
[4] were performed. As can be inferred from the data below, qualitative and semi-quantitative
agreement is obtained. Especially the relative topologies of the potential surfaces of states So,

Ss and Sy are mapped comparably well, a fact that is crucial for the subsequent non-adiabtic
dynamics simulation.
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Figure S4 — Benchmark of TDDFT against multiconfigurational treatment (PES scans)



Table S1 — Active space composition for the multiconfigurational approaches pursued in this study

CAS type composition CI roots
CAS(4,4) 5b1u2ay4b3g4b2g 4
CAS(8,6)  4b1,3b345b14,2ay4b344ba, 10

CAS(10,10) 3b2g4b143b3g5b112a4,4b334b2g3a,6b14,5b3¢ 15

Table S1 displays the different active spaces utilized in this study. The (4,4) and (8,6)
active spaces correspond to the Gouterman space and the extended Gouterman space shown
in Figure 1 of the manuscript. The XMCQDPT?2 calculations necessitate a larger active space
(here, (10,10)) to properly describe higher CI roots; specifically, 15 CI roots were included to
converge the lowest five singlet states. (The (10,10) CAS additionally comprises the HOMO-4
as well as the LUMO+2, LUMO+3 and LUMO+4 orbitals.)

4 Non-Adiabatic Molecular Dynamics Simulations

Summed populations for the ” B band” as well as for ” B band” and ” () band” are displayed for
the sake of comparability to experimental studies. The data has been displayed to complement
the graphical depiction in Fig. 5 of the main paper. Here the emphasis has been given to the
”spectroscopic” bands in order to highlight qualitative and even satisfactory semi-quantitative
agreement with experimental studies cited in the main text. The Newton-X program package[5),
0] has been used for the non-adiabatic surface-hopping dynamics simulations. Exponential fit
of the B state population decay yields an approximate lifetime of 100 fs.
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Figure S5 — State populations throughout the dynamics simulation, 167 trajectories,
TDBH&HLYP/6-31G* level, weighted initial condition according to By/Bx ratio
of oscillator strengths, B band and Q band summed.
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