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Introduction
Density Functional Theory (DFT) calculations have
been used for decades to predict chemical properties of
compounds and materials. While DFT calculations are
highly chemically accurate, they are computationally
costly to perform for systems containing many atoms.
On the other hand, classical mechanics based
molecular dynamics (MD) simulations can be
performed at a larger scale and can model thousands of
atoms, albeit with less chemical accuracy. Using
machine learning to predict atomic forces and map
atomic positions to an electron/energy density will
improve the accuracy of molecular dynamics
simulations and will allow for faster prediction of
material properties.

Objectives
• Develop method of calculating forces from 

electron density data
• Generate electron density data for hydrogen 

molecules and train a machine learning 
algorithm

• Predict forces for machine learned electron 
densities

Conclusions
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Hellmann-Feynman Force Equation
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Predicted Electron Density for H4

Future Work
• Improve force calculations using either better

numerical integration or analytical integration of the
charge density

• Calculate forces from machine learned electron
densities for H2 as opposed to real densities

• Incorporate force calculations into molecular
dynamics and geometry optimization algorithms
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Calculated Forces on Real H2 Molecule

• Electron densities for hydrogen molecules are
capable of being accurately predicted from vr
densities using machine learning

• Integration of the charge density must be improved
to decrease the error in calculated forces
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