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Typical nonadiabatic excited-state simulations:
« 100 trajectories
 for 1 ps = 1000 fs

0.5 fs time step

Number of QM calculations:
« 2000 per trajectory
e 200 000 in total

P. O. Dral, M. Barbatti, W. Thiel, J. Phys. Chem. Lett. 2018, 9, 5660 o
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ACS Excited states with AIQM1/MRCI e
B3LYP/ ©B97X/ B97X-D/ B97X/ ©B97X-D4/ ANL AIQMI AIQMI CCSD(T)*
data set ODM2 ¢ 31G* 631G* 6-31G*  def2-TZVPP def2-TZVPP lcex @DER*! @pFr M e
excitation energies, eV
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iel’ TDDFT:
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aigml=mlatom.models.methods(method="'AIQM1’)

calculations o
OF 92F mlatom.namd.surface hopping md(model=model,

)

L. Zhang, S. V. Pios, M. Martyka, F. Ge, Y.-F. Hou, Y. Chen, L. Chen, J. Jankowska, M. Barbatti, P. O. Dral. Preprint
on arXiv: https://arxiv.org/abs/2404.06189

geomopt=mlatom.optimize geometry(model=aiqgml,
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5. Computing of post-VBSCF
methods

6. Computing of diabatic states
with VB theory

7. Menshutkin Reaction NH3 +
CH3Cl — [NH3CH3]* + CI

8. Charge-shift bonding in
propellane

1. Machine learning basics

2. ML for PES

3. Universal machine learning
models

4. Spectroscopy
5. Transfer learning
6. Molecular dynamics

7. Transition state search and
analysis

8. Active learning

9. Delta-learning

& 10. Surface-hopping nonadiabatic

dynamics
10.1. Machine learning

10.2. Setup for calculations on
your computer with AIQM1

10.3. AIQM1

MLatom.com

import mlatom as ml
import os
import numpy as np

# Read initial conditions
init_cond_db = ml.data.molecular_database.load(filename="'materials/init_cond_db_for_pyrazine.json", fermat="'json')

# We need to create a class that accepts the specific arguments shown below and saves ‘the calculated @léctroni€\state properties in the molect
class mlmodels():
def __init_ (self, nstates = 5):
folder_with_models = 'materials/1lz_models'
self.models = [None for istate in range(nstates)]
for istate in range(nstates):
self.models[istate] = [ml.models.ani(moded_file=f'{folder with_models}/ensemble{ii+1}s{istate}.pt') for ii in range(2)]
for ii in range(2): self.models[istate] [@il.nthreads =1

def predict(self,
molecule=None,
nstates=5,
current_state=0,
calculategenergy=Truej
calculate_energy_gradients=True) :

molecule.electronic_states = [molecule.copy() for ii in range(nstates)]

for istate in range(nstates):
moltmp| = moleculeselectronic_states[istatel
moltmpens = [moltmp.copy() for ii in range(2)]
forhii in range(2):
self.models[istate] [ii].predict(molecule=moltmpens[ii], calculate_energy = True, calculate_energy_gradients = True)
moltmp.energy = np.mean([moltmpens[iil.energy for ii in range(2)])
moltmp.energy_gradients = np.mean([moltmpens([ii].energy_gradients for ii in range(2)], axis=0)

molecule.energy = molecule.electronic_states[current_state].energy
molecule.energy_gradients = molecule.electronic_states[current_statel.energy_gradients

models = mlmodels()

# Arguments for running NAMD trajectories (o)

timemax = 5 # fs ¢

namd_kwargs = { &0
'model': models, 4
'time_step': 0.25, # fs b‘ 10



