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Progressing nonadiabatic molecular dynamics: User-friendly development 

and community-driven benchmarks 
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Nonadiabatic dynamics has become an indispensable tool for unravelling the photochemistry 

and photophysics of molecules. Despite the rapid grow of the field, it often still remains a tool 

reserved to experts and closed communities. The reasons for that are manifold, one being only a 

subset of methodologies offering user-friendly and freely available software, another being the 

uncertainty which of the plethora of nonadiabatic dynamics methodologies is suitable to tackle a 

certain photochemical problem. 

In this talk, I first will introduce our recently developed interface between PySpawn and 

OpenMolcas [1]. This combination of user-friendly and fully open-source software allows for the 

first time running ab initio multiple spawning calculations with different multistate CASPT2 

formulations, combining state-of-the-art dynamics and electronic structure calculations. I will 

introduce the structure and capabilities of the interface and plans for future development. 

In addition, I want to overview recent efforts towards a common benchmark of nonadiabatic 

dynamics methodologies. After the introduction of the molecular Tully models in 2020 [2], there 

have been continued examples towards a comparison of nonadiabatic molecular dynamics. 

Emblematic ones are the cyclobutanone challenge [3] and a community effort of creating a 

roadmap of the steps towards a first communal benchmark set for nonadiabatic dynamics [4]. 
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We report the development of a novel diagnostic tool, named WFOT[1], which is designed to 

evaluate the overlap between wavefunctions computed at single-reference (e.g., TDDFT) and 

multi-reference (e.g., CASPT2) levels of theory allowing to quantitatively compare the 

performance of these two families of methods for solving the electronic structure. The tool works 

by truncating the wavefunction of both methods to CIS-like expansions spanning the same 

configurational space and maximizes the overlap between molecular orbitals through a pseudo-

unitary transformation. To validate its functionality, we performed on-the-fly non-adiabatic 

dynamics of Acetylacetone at the TD-DFT level of theory and mapped the photo-active state onto 

the CASPT2 manifold. The single- to multi-reference mapping was used to compute the transient 

absorption spectrum with multi-reference quality and completeness. 

The WFOT tool has been interfaced with the COBRAMM[2] package, allowing access to software 

such as NWChem, Gaussian, and OpenMolcas. 
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How to connect 
 

 
Alexey Akimov is inviting you to a scheduled Zoom meeting. 
 
Topic: VISTA, Seminar 82 
Time: Jan 29, 2025 10:00 AM Eastern Time (US and Canada) 
Join Zoom Meeting 
https://buffalo.zoom.us/j/95878305055?pwd=e8CNVegG9XRMkubb8iFa5EBBSMdjph.1  
 

Meeting ID: 958 7830 5055 
Passcode: 201964 
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