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Transitions between electronic states also often have to be 
taken into account, particularly, when simulating 

photophysical and photochemical processes
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Surface Hopping

J. C. Tully, J. Chem. Phys. 1990, 93, 1061
R. Crespo-Otero and M. Barbatti, Chem. Rev. 2018, 118, 7026
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Cost of Dynamics

Typical nonadiabatic excited-state simulations:
• 100 trajectories
• for 1 ps = 1000 fs
• 0.5 fs time step

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

P. O. Dral, M. Barbatti, W. Thiel, J. Phys. Chem. Lett. 2018, 9, 5660
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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

Experimental 
quantum 
yield Φ≈0.2 
to 0.36 

AIQM1 surface-hopping dynamics
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7P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336 

Accuracy

Ti
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Molecular
Mechanics

Semi-
empirical

DFT

Ab initio

Quantum chemistry approximations

B3LYP – is much faster than the CCSD(T) but is 
much less accurate

CCSD(T) – gold standard, very slow
(use it if you can!)

AIQM1*
• Accuracy of CCSD(T)
• Orders of magnitude faster 

than B3LYP 
AIQM1: P. Zheng, R. 
Zubatyuk, W. Wu, O. Isayev, 
P. O. Dral, Nat. Commun. 
2021, 12, 7022

Do not use B3LYP if 
you can use AIQM1!

*CHNO elements only – extensions on the way

Not so simple for 
excited states!
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Excited states with AIQM1/MRCI

TDDFT:
Linear-response TD B3LYP/TZVP

P. Zheng, R. Zubatyuk, W. Wu, O. Isayev, P. O. Dral, Nat. Commun. 2021, 12, 7022
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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
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