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1 Quantum Chemistry benchmark
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SI-Fig. 1: RASSCF orbitals used in the active space for the SA(4)-MS-CAS(11,12)PT2/cc-
pvDZ computations. The orange asterisk indicates the smaller active space used for
the SA(4)-MS-CAS(6,5)PT2/cc-pvDZ calculations.



SI-Table 1: Benchmarking of TDDFT /wB97X-D3 with different basis sets and solvent models

using the LR-C-PCM method and different amount of solvent molecules to simulate

the environment.
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SI-Table 2: Benchmarking among different electronic structure methods using the cc-pvDZ
basis set. Vertical energies with respect to their ground state shown in electronvolt.
Calculations performed at the ground state minimum optimised with MP2/cc-pvdz.
The solvent is simulated with SS-PCM as implemented in MOLCAS
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| Solvent | CAS(6,5)PT2  CAS(11,12)SCF  CAS(11,12)PT2 EOM-CCSD
| | Ly Lo S3 | Ly Lo S3| L, L, S3]| L, L, S3|
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SI-Fig. 2: Potential energy rigid scan of the isolated DMABN molecule along the torsion using
CASPT2, EOM-CCSD and TDDFT.
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SI-Fig. 3: Potential energy surfaces of the DMABN molecule with two water molecules along
the torsion using LR-C-PCM/TDDFT/wB97X-D3/cc-pVDZ (solid line) and of the
cluster DMABN + two water molecules but without including any PCM solvent
effects (dashed).



2 Quantum dynamics analysis

2.1 Most important normal modes
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SI-Fig. 4: Normal mode vectors (C=C stretching, tilting modes) plotted from the single
molecule frequency calculation at the wB97X-D3/cc-pvDZ level of theory. Each
panel has a label that denotes the normal mode number to assing them to the po-
tential energy surface cuts and the evolution of the wavepacket for the gas and water
direct dynamics calculations and the ML-MCTDH calculations on the surfaces cal-
culated from the first point of the dynamics.



2.2 Convergence with respect to the number of gaussians
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SI-Fig. 5: Evolution of the L, state population for different DD-vMCG simulations of the
DMABN molecule in gas phase. 5st and 3st denote the number of states included.
8G,10G, etc, refer to the number of gaussians in the expansion of the nuclear basis
and "read” means a calculation on the potentials of a previous simulation, without
calculating any new ab-initio points.
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SI-Fig. 6: Evolution of the L, state population for different DD-vMCG simulations of the
cluster of DMABN and two water molecules. 5st and 3st denote the number of
states included and 8G,10G, etc, refer to the number of gaussians in the expansion
of the nuclear basis.



2.3 Dynamics with different subsets of normal modes
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Comparison between direct dynamics (DD) and dynamics parametrised with a LVC
model using different subsets of normal modes. a) Population decay of the La state
running 1D exact dynamics on the LVC potentials (dotted line) and DD in full
dimensionality (dashed). b) Population decay of the La state running 4D MCTDH
dynamics on the LVC potentials (dotted line) and DD in full dimensionality (dashed).
c¢) Population of the La and Lb states running full D ML-MCTDH dynamics on the
LVC potentials (continuous line) and DD in full dimensionality (dashed).
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SI-Fig. 8: Comparison of the time evolution of the expectation value of the four most important
normal modes (symmetric stretch, N-Mey wagging,..) for the DD-vMCG dynamics
and the ML-MCTDH dynamics on the LVC potentials.
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SI-Fig. 9: Comparison of the a) gas phase and b) water cluster time evolution of the diabatic
populations when running direct dynamics in full dimensionality (dotted line), in
the parametrised LVC potentials with the ML-MCTDH method (solid line) and in
MCTDH with the four most important modes (dashed line).
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SI-Fig. 10: Layer structure of the ML-MCTDH simulations on the potentials parametrised
from first database point of the DD-vMCG dynamics of the single DMABN molecule

in gas phase.
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SI-Fig. 11: Layer structure of the ML-MCTDH simulations on the potentials parametrised
from first database point of the DD-vMCG dynamics of the cluster formed by one

DMABN molecule and two water molecules.
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SI-Fig. 12:  Layer structure of the ML-MCTDH simulations on the SA(4)-MS-
CAS(6,5)PT2/cc-pvDZ parametrised potentials.
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Layer structure of the ML-MCTDH simulations on the pt(SS+LR)-C-
PCM/wB97X-D3/cc-pVDZ parametrised potentials applied to the DMABN
molecule in a continuum solvation of cyclohexane.

SI-Fig. 13:
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SI-Fig. 14: Layer structure of the ML-MCTDH simulations on the pt(SS+LR)-C-
PCM/wB97X-D3/cc-pVDZ parametrised potentials applied to the cluster formed
by a DMABN molecule and two waters in a continuum solvation of water.
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SI-Fig. 15: Layer structure of the ML-MCTDH simulations on the pt(SS+LR)-C-
PCM/wB97X-D3/cc-pVDZ parametrised potentials applied to the cluster formed
by a DMABN molecule and two acetonitrile molecules in a continuum solvation of
acetonitrile.
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SI-Fig. 16: Layer structure of the ML-MCTDH simulations on the pt(SS+LR)-C-
PCM/wB97X-D3/cc-pVDZ parametrised potentials applied to the cluster formed
by a DMABN molecule and two tetrahydrofurane molecules in a continuum solva-
tion of THF.
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