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Formal view 28

We seek the total energy as a function of nuclear positions, nuclear charges, and
the electronic configuration of a system.

System → Ĥ(RI , ZI , n,ω) → Ψ → E(RI | ZI , n,ω) (12)
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Critical points 30

Features
– Minima: (Meta-)stable, ensembles
– Saddle points: Barriers / access
– Attractive basins
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Properties 31

Curvatures
– Vibrational frequencies
– Normal modes
– Vibrational energy levels

Barriers
– Tunneling
– Thermalisation

Thermally accessible regions
– Ensemble of configurations Landscape



Summary 32

Potential Energy Landscapes
– Key for behaviour for single systems and reactions
– Complex, many minima
– Smooth surface
– High-dimensional



Families of Approximation



Classical Molecular Dynamics 34

Strong Approximation
– Typically fixed bonds
– No quantum effects
– Fitted to ab initio reference
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Quantum Chemistry 35

John Perdew Michael Willmann, 1691



Machine Learning Force Fields 36



Summary 37

Concepts
– Strong approximation (constant topology): Classical force fields
– First principles (bottom-up approach from physical effects: quantum chemistry
– Surrogate model of quantum chemistry: machine learning force fields


