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This presentation explores the application of machine-learning (ML) models to study molecular 
structures and chemical reactivity through the construction of potential energy surfaces (PES). We 
employ neural network-based ML potentials enhanced with equivariant transformations to improve 
both efficiency and accuracy. 

In one approach, a difference-learning strategy is applied to semi-empirical density functional theory 
(DFT) data to produce a high-fidelity model approximating accurate DFT results. This model enables 
exhaustive conformational searches for complex macrocyclic compounds of biological relevance. 

In a second approach, the ML model learns the PES of a model ATP hydrolysis and synthesis reaction 
(hydrolysis of methyl pyrophosphate) in explicit water. This allows detailed investigation of the 
mechanism and dynamics of the reaction in a realistic solvent environment. 

These examples demonstrate how ML-derived PES models can accelerate understanding of both 
structural landscapes and reactive processes, bridging computational efficiency with chemical 
accuracy. 
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