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Introduction

Force Fields (FF) are the foundation of molecular dynamics 
(MD) simulations. They are composed of an empirical energy 
function in combination with a collection of parameters that 
dictates the forces acting on the atoms in the system. For 
example a bond between two atoms force is represented as a 
spring. 
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London Dispersion

To catalogue atoms and their respective forces we designed 
an atom type language. The language is a reference index for 
the potential energy between different atoms. One descriptor 
of interest is the Lennard-Jones (LJ) Potential. 
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The LJ Potential Models the Van Der Waals Force between 
two atoms. The model consists of two components: 
repulsion and attraction. If you plot the distance of two 
atoms as they approach each other a energetic favorable well 
forms at the minimal distance that is ideal, Rmin. As atoms 
move far apart they have weak attractive forces called 
London Dispersion pulling them close. As they get passed 
the minimal distance, the atoms begin to repulse each other. 
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Problem

Presently, billions of compounds are presently available. If 
we want to simulate molecules and their respective 
movements we need to capture the LJ potentials of every 
atom combination and add them into the FF. 

Optimization

To add to the FF the LJ Potential of two different atom types 
we take an energy scan of the interaction over a distance in 
Quantum Mechanics (QM) and Molecular Mechanics (MM). 
The QM is our reference scan using the schroedinger 
equation to predict the total energy of the system. The MM 
produced is the semi-empirical potential energy function of 
CHARMM.
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The Burgi-Dunitz Angle is infamous for the nucleophile of a 
pyridine nitrogen on a electrophilic carbonyl carbon. 

To match the QM to the MM we create an objective function 
with the varying values of Rmin to perform the fit. We employ 
Monte Carlo methods to estimate Rmin until we achieve a 
minimized result. 

Experimental Validation

To validate the parameters improvement of the FF, we match 
our computational to experimental results using the Enthalpy 
of Mixing (Heat) of common organic solvents. U is the 
potential energy and Xn is the mole fraction of the solvent in 
the mixture. 

Hmix =〈Umix〉 -〈Uliquid, A〉XA -〈Uliquid, B〉XB


