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ABSTRACT 

This research merges computational chemistry with artificial intelligence to refine 

the description of electron interactions, essential for chemical compound analysis [1]. 

By employing advanced mathematical methods and machine learning, particularly 

neural networks, we simplify complex Density Functional Theory equations, 

improving their software integration [2]. Our approach utilizes deep learning to 

represent complex relationships, offering enhancements over traditional methods 

[3]. Incorporating this approach offers significant advantages, facilitating the 

computation of derivatives of functionals to implement and calculate their self-

consistent field. This work aims to provide new insights into electron interactions and 

improve computational modeling techniques, with broad implications in materials 

science, pharmacology, and energy.  

 

 

References 

[1] Huang, B., Von Rudorff, G. F., Von Lilienfeld, O. A.  

The central role of density functional theory in the AI age,  

Science 381, 170-175 (2023). 

 

[2] Cuierrier, E., Roy, P.-O., Wang, R., Ernzerhof, M.  

The fourth-order expansion of the exchange hole and neural networks to 

construct exchange–correlation functionals, 

J. Chem. Phys. 157, 184111 (2022). 

 

[3] Cuierrier, E., Roy, P.-O., Ernzerhof, M.  

Constructing and representing exchange–correlation holes through artificial 

neural networks, 

J. Chem. Phys. 155, 204111 (2021). 

mailto:mohamed.loutis@umontreal.ca

