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1. Photophysical data

The relevant photophysical data for meso-vinyl-BODIPY (1) and meso-ethyl-BODIPY (2) are reported
in Table S1. Table S2 demonstrates the weak basis set dependence of the excitation energies, which is
characteristic for cyanine dyes. The large excited state relaxation (and Stokes shift) of 1 can be
explained by the partial delocalization of the excitation to the vinyl substituent (see density differences

in Figure S1).

Table S1. Photophysical data for 1 and 2 computed at the ADC(2)/def2-SVP level. Oscillator strengths

are reported in parentheses.

1 2
S (vertical) 2.69 eV (0.445) 2.79 eV (0.478)
S, (vertical) 3.65 eV (0.176) 3.82 eV (0.186)
Ss (vertical) 3.82 eV (0.023) 3.98 eV (0.035)
S: (adiabatic) 2.30 eV 2.65eV
S: (emission) 1.17 eV (0.114) 2.32 eV (0.290)
So/S1 MECP (relative to Sp min.) 2.39 eV 2.76 eV

Table S2. Excitation energies basis set dependence at the ADC(2) level.

1 2
basis set S: (vertical) S, (vertical) S: (vertical) S, (vertical)
def2-SVP 2.69 eV 3.65 eV 2.79 eV 3.82eV
def2-TZVP 2.63 eV 3.54eV 2.73 eV 3.71eV

def2-TZVPD 2.61 eV 3.53 eV 2.72 eV 3.70 eV



GS min ES min

Figure S1. Density differences between the S; and Sy states at the optimized ground state (GS) and the
excited state (ES) geometries of 1 and 2. The density gain/depletion is shown in white/blue (isovalue

0.0025). ADC(2)/def2-SVP level of theory was used.



2. Optimized structures (xyz)

meso-vinyl-BODIPY: S, minimum
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meso-vinyl-BODIPY: S; minimum
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meso-vinyl-BODIPY: S./So MECP
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meso-ethyl-BODIPY: S; minimum
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meso-ethyl-BODIPY: S; minimum
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meso-ethyl-BODIPY: S./So MECP
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3. Formyl- and hydroxymethyl-BODIPY
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Figure S2. Energy profile (in eV) of meso-formyl-BODIPY. The ground and excited state minima and
minimal energy crossing point (MECP) structures were optimized and connected by linear interpolation
of internal coordinates. A zoom into the S; landscape is shown in the smaller graphs. The ADC(2)/MP2

levels were used with def2-SVP basis set.
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Figure S3. Structures of ground (GS) and excited state (ES) minima as well as S1/So minimal energy
crossing point (MECP) of meso-formyl-BODIPY. The ADC(2)/MP2 levels were used with def2-SVP

basis set.
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Figure S4. Energy profile (in eV) of meso-hydroxymethyl-BODIPY. The ground and excited state
minima and minimal energy crossing point (MECP) structures were optimized and connected by linear
interpolation of internal coordinates. A zoom into the S; landscape is shown in smaller graphs. The

ADC(2)/MP2 levels were used with def2-SVP basis set.
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Figure S5. Structures of ground (GS) and excited state (ES) minima as well as S1/So minimal energy
crossing point (MECP) of meso-hydroxymethyl-BODIPY. The ADC(2)/MP2 levels were used with
def2-SVP basis set.



4. Excited State Dynamics

50 trajectories of both 1 and 2 were computed in the first excited singlet state. Due to the limitations of
the ADC(2) method (single reference method) and the lack of coupling between the excited states and
the ground state (MP2 level) all the trajectories that reach the Si/S, crossing were terminated. To
estimate the lower bound for the S; state lifetime we assume that the system switches to the ground
state after reaching the crossing. By using this very approximate assumption we plot the decay of S;
population as a function of time for compound 1 (figure S6). We set a delay time of 305 fs (no change
in population) and fit an exponential function to the subsequent decay curve. The computed exponential

decay constant of 218 fs added to the delay time of 305 fs gives a total decay time of 523 fs.
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Figure S6. Assumed population decay of the S; state (blue) of 1 and the exponential fit (red).

In the case of 2, S; population essentially does not change (~1) during the simulation time of 1 ps,
except for a single trajectory reaching the crossing with the ground state (figure S7). The crossing

geometry resembles the optimized MECP (see figure 1 in the main text).
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Figure S7. Potential energies of the S; and S, states for the trajectory of 2 reaching the S:/S, crossing.
The molecular geometry at the crossing is depicted. All the energies are relative to the initial (0 fs) So

energy. ADC(2)/def2-SVP level was used.

5. Solvent effects

Cosmo model

The conductor-like screening model (COSMO™) computations have been performed with the
Turbomole 6.5 program package. The vertical excitations for the first excited state in the
tetrahydrofuran (THF) solvent were computed at the ADC(2)/def2-SVP level (the ground state
reference treated at the MP2 level; resolution of identity approximation is employed). The dielectric
constant of €=7.58 and the refractive index of n=1.4072 are used. The parameters for the closed cavity
construction were set to their default values (nppa=1082, nspa=92, disex=10.00, rsolv=min(rad(h))). To

construct the cavity, the optimized atomic radii were taken from the Turbomole library.

Both equilibrium and non-equilibrium solvation limits were considered, depending on whether only
electronic degrees of freedom of the solvent molecules are adapted to the excited state (non-equilibrium
case), or both electronic and nuclear degrees of freedom adapt (equilibrium case).”’ Both solvation
models have their limitations, but provide a consistent picture when compared to the gas phase profiles

of 1 and 2 (figure S8). Except for the small energy shifts, there are no qualitative differences from the



gas phase predictions. In case of 2 the crossing region is even less energetically accessible, which
agrees well with its emissive behavior. Note that geometry optimizations are currently not available
with COSMO solvation and the molecular geometries from the gas phase were used. For the solvent
with low dielectric constant excited state structures are expected to be similar to the gas phase ones.

Indeed, it was shown that sophisticated solvent model provides similar excited state structures of

BODIPY as in the gas phase (at the TDDFT level)."!
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Figure S8. S; state energy profiles (in eV) of a) 1 and b) 2 in the gas phase (full lines), non-equilibrium

solvation (dotted) and equilibrium solvation (dashed). In all cases the Sp minimum energy was set to
zero. ADC(2)/def2-SVP + COSMO level was used.



QM/MM model

The substituted BODIPY molecules were enclosed in a spherical cluster of 200 tetrahydrofuran (THF)
molecules, constructed with the Packmol program package.'” The radius of the sphere (18.84 A) was
determined by classical ground state dynamics in the isothermal-isobaric ensemble (NPT, 1 atm, 300
K), using the Tinker 7.1 program package.® All the interatomic potential parameters for THF, including
the van der Waals parameters and the effective charges, were taken from the CHARMM general force
field (CgenFF),"”! while the parameters for BODIPY were taken from ref. [8]. The density of THF in the
so constructed cluster (880.1 g-L.") was found to be consistent with the experimental value of 882.7
gL' (1 atm, 298.15 K).”!

To perform the mixed quantum mechanical and molecular mechanical (QM/MM) adiabatic dynamics
the system was split in two distinct regions: the first containing BODIPY alone (QM region), while the
second included all solvent molecules (MM region). QM region was described at PBE0/def2-SVP level
for ground state simulations and ADC(2)/def2-SVP (using resolution of identity) for excited state
simulations. The solvent was treated as an electrostatic embedding given by spatially localized point-
charges. The energies and gradients were computed using the Turbomole 6.5 package'?, while the MM
region was treated using Tinker."" The computation of hybrid energies and gradients, as well as the
integration of the equations of motion was performed by the Newton-X 1.4.1 suite of programs''?. The
file hybrid_prep_turbomole.pl was modified to allow QM/MM with ADC(2).

The initial conditions for the excited states dynamics were sampled from the 10 ps ground-state
trajectory in the canonical ensemble (NVT, 300K, Andersen thermostat'"! with collision frequency 0.1
fs™; nuclear time step of 1 fs). The system was thermalized for 5 ps and the initial conditions for
excited state simulations were selected in steps of 0.5 ps from the remaining 5 ps of trajectory. 10
trajectories for each compound (1 and 2) were propagated in the first singlet excited state (S;) for a
total time of 1 ps with a nuclear time step of 0.5 fs. The excited states simulations were performed in
the microcanonical ensemble (NVE).

However, the total time of 1 ps turned out to be too short for excited state dynamics, which may be
attributed to solvent drag which slows down the BODIPY dynamics (compared to the gas phase). We
notice that significant numerical problems were encountered during the QM/MM simulations (lack of
convergence in ground and excited state) which, along with the huge computational cost, prevented us
from extending the dynamics to the longer timescales. Figure S9 shows the time evolution of S; — S

energy gaps for solvated 1 and 2.
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Figure S9. Time evolution of S; — S, energy gaps for 10 QM/MM trajectories of a) 1 and b) 2. For

computational details see the text.
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