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SECTION S1 ACROLEIN DYNAMICS PROTOCOL

S1.1 Generation of initial conditions 

Acrolein’s structure was optimized at the CASSCF(8,7)/cc-pVD[S1] level of theory, starting 

with an initial guess for the active space obtained from a Hartree-Fock calculation done with 

OpenMolcas[S2], see active orbitals in Fig. S1. A Wigner distribution at 300K was generated 

based on the frequency calculation at the optimized geometry. 250 geometries were 

extracted and solvated with Packmol[S3] with 1000 acetonitrile molecules. The systems 

were minimized for 500 steps with the steepest descent method and for 9.500 steps with 

conjugated gradient, then heated to 300K in 50 ps, and finally the volume and pressure 

equilibrated for additional 50 ps. The Nosè-Hoover thermostat [S4] and Berendsen barostat 

[S5] were used to keep constant T and P in the NVT and NPT ensembles. Periodic boundary 

conditions and Particle Mesh Ewald were used [S6]. The acrolein molecules were kept 

frozen during the whole procedure and MeCN molecules treated with GAFF force field. 

These calculations were run using AMBER [S7]. At the end of this solvent equilibration 

procedure, half of the molecules were stripped and a droplet of 500 MeCN centered at the 

acrolein molecule was obtained for each of the system. All these 250 systems were 

propagated in the ground state for 250 fs with SHARC/COBRAMM interface, calling 

OpenMolcas and AMBER for the computation of QM and MM energy and gradient. RATTLE 

[S8] algorithm was used, the external shell of 250 MeCN was kept frozen (lower layer, L), 

the other 250 MeCN molecule were allowed to move at MM (GAFF) level (medium layer, M) 

and acrolein was treated at CASSCF(8,7)/cc-pVDZ (higher layer, H). 
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Figure S1: Orbitals included in CASSCF calculation for acrolein

S1.2 Excited states dynamics

After the ground state equilibration, 148 trajectories were selected stochastically and started 

in the S1, then propagated for 500fs with a time step of 0.5fs. RATTLE and the atom mask 

were applied to the solvent molecules. Kinetic energy was reflected parallel to the velocity 

vectors, the electronic decoherence correction [S9] was applied and frustrated hop not 

reflected. The same H/M/L layers partition and level as the ground state SHARC/COBRAMM 

trajectories was kept. Two singlet and two triplet states were included. 

S1.3 Total energy conservation along the TSH dynamics
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Figure S2: Total energy conservation along the 500fs dynamics of acrolein in acetonitrile for a representative 
trajectory

S1.4 Kinetic model

In order to estimate a kinetic model for the decay from S1 state, we fitted the populations in 

a global procedure considering three possible decays. Four independent species were 

defined, one representing the population of each state and three reaction rates. Three 

possible reaction were defined: one relative to the intersystem crossing S1 –> T2 (reaction 

rate KISC), one for the internal conversion between the two triplets T2 -> T1 (reaction rate 

KIC_tripl) and one between the singlets S1 -> S0 (reaction rate KIC_singl). The initial populations 

were set to 1 for S1 and null for all the other three states. Population of the states were 

described by:

  (eq S.1)𝑆0(t) =  
𝐾IC_singl ∗ S1(𝑡0)
𝐾𝐼𝑆𝐶 +  𝐾IC_singl

 ―  
𝐾IC_singl ∗ S1(𝑡0) ∗ 𝑒

― (𝐾𝐼𝑆𝐶 +  𝐾IC_singl ∗ 𝑡)

𝐾𝐼𝑆𝐶 +  𝐾IC_singl
 

(eq S.2)𝑆1(t) =  S1(𝑡0) ∗ 𝑒 ― (𝐾𝐼𝑆𝐶 +  𝐾IC_singl ∗ 𝑡)
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  𝑇1(t) =
𝐾𝐼𝐶_𝑡𝑟𝑖𝑝𝑙 ∗ 𝐾𝐼𝑆𝐶 ∗ S1(𝑡0) ∗ 𝑒

― (𝐾𝐼𝑆𝐶 +  𝐾IC_singl ∗ 𝑡)

𝐾2
𝐼𝑆𝐶 + (2 ∗ 𝐾𝐼𝐶_𝑠𝑖𝑛𝑔𝑙 ― 𝐾𝐼𝐶_𝑡𝑟𝑖𝑝𝑙) ∗ 𝐾𝐼𝑆𝐶 ― 𝐾𝐼𝐶_𝑠𝑖𝑛𝑔𝑙 ∗ 𝐾𝐼𝐶_𝑡𝑟𝑖𝑝𝑙 + 𝐾2

𝐼𝑐_𝑠𝑖𝑛𝑔𝑙
 ―  

𝐾𝐼𝑆𝐶 ∗ S1(𝑡0) ∗ 𝑒
―(𝐾IC_tripl ∗ 𝑡)

𝐾𝐼𝑆𝐶 ― 𝐾𝐼𝐶_𝑡𝑟𝑖𝑝𝑙 + 𝐾𝐼𝐶_𝑠𝑖𝑛𝑔𝑙
 +  

𝐾𝐼𝑆𝐶 ∗ 𝑆1(𝑡0)
𝐾𝐼𝑆𝐶 + 𝐾𝐼𝐶_𝑠𝑖𝑛𝑔𝑙

(eq S.3)

 (eq S.4)𝑇2(t) =  
𝐾𝐼𝑆𝐶 ∗ S1(𝑡0) ∗ 𝑒

―(𝐾IC_tripl ∗ 𝑡)

𝐾𝐼𝑆𝐶 ― 𝐾𝐼𝐶_𝑡𝑟𝑖𝑝𝑙 + 𝐾𝐼𝐶_𝑠𝑖𝑛𝑔𝑙
―

𝐾𝐼𝑆𝐶 ∗ S1(𝑡0) ∗ 𝑒
― (𝐾𝐼𝑆𝐶 +  𝐾IC_singl ∗ 𝑡)

𝐾𝐼𝑆𝐶 ― 𝐾𝐼𝐶_𝑡𝑟𝑖𝑝𝑙 + 𝐾𝐼𝐶_𝑠𝑖𝑛𝑔𝑙
 

The time constants were optimized, as implemented in ScyPy, with the Trust Region 

Reflective constrain algorithm [S10]. The errors were estimated with bootstrapping methods 

[S11], generating 50 copies of the original ensemble of populations data and fitted as the 

original sample. 

Figure S3: Fit of the four states population in the acrloein relaxation from S1 used to estimate the kinetic model

S1.5 Hopping geometries

Superimposition of 5 hopping geometries for the S1-> S0 and S1-> T2 relaxation. In pink 

representative structures in our ensemble of trajectories and in green the analogous structure from 

reference S12 (Ref. 62 of the main text). Only 5 representative geometries for each type are reported 

for graphical reasons and benefit of the understanding. 
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Figure S4 Hopping geometries for S1 relaxation to the ground state and ISC with T2

SECTION S.2 CODES DETAILS

S2.1 SHARC_COBRAMM.py interface

Relevant functionalities of the SHARC_COBRAMM.py interface are preparing COBRAMM 

calculation and return in SHARC format the information about the QM/MM calculation. The 

basic structure of SHARC_COBRAMM.py interface and the logic behind the code are the 

same as other SHARC interfaces. In particular, the interface reads the 

COBRAMM.template, the COBRAMM.resources and the QM.in files. It creates the 

SCRATCH directory and a save directory (SAVEDIRQMMM), where a coordinate file in 

AMBER format for the previous (real.crd.old) and current (real.crd) time step is written each 

time step. The interface writes the input file for COBRAMM, cobram.command, which 

contains the information about which SHARC_QM.py interface will be called, and run 

cobram.py. It writes the QMMM.err and QMMM.log files during the dynamics. Additionally, 

the interface copies the topology files in AMBER format for the total system (real.top) and 
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the QM part only (model-H.top) and the layers definition file (real_layers.xyz) required by 

COBRAMM in the correct location. 

S2.2 sharcQMcalculator.py interface

sharcQMcalculator.py is called by cobram.py to run energy and gradient calculation of the 

QM part using a SHARC_QM.py interface. First of all, it writes the point charges relative to 

the MM part to be included in the QM calculation. Charges are written in a file called 

charges.dat, already correctly formatted for the specific QM software, specified in 

COBRAMM.template. sharcQMcalculator.py calls the SHARC_QM.py interface. Once the 

calculation is done, it reads the QM.out, given by the SHARC_QM.py interface only for the 

QM part, the file gradient_charges, including the gradient of the point charges induced by 

the QM region, reads the MM output and writes a complete QM.out for the whole system to 

be used by sharc.x. 

S2.3 SHARC_QM.py modifications

Small modifications to each of the interfaces were required about reading the point charges 

file and returning the point charges gradient induced by the QM density. Each interface is 

adapted to the specific software but reads and writes the same files. All the interfaces 

currently available read the charges.dat file and print the grad_charges file. In case of ORCA 

and TURBOMOLE interfaces, the point charges gradient is explicitly written by the QM 

software, while in case of MOLCAS it is calculated from the electric field in the position of 

the point charges induced by the QM atoms, given by MOLCAS. 
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