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Learning Kinetic Monte Carlo Models of Condensed Phase High
Temperature Chemistry from Molecular Dynamics QIAN YANG, Stan-
ford Univ, CARLOS SING-LONG, Pontificia Universidad Catolica de Chile, ENZE
CHEN, EVAN REED, Stanford Univ — Complex chemical processes, such as the
decomposition of energetic materials and the chemistry of planetary interiors, are
typically studied using large-scale molecular dynamics simulations that run for weeks
on high performance parallel machines. These computations may involve thousands
of atoms forming hundreds of molecular species and undergoing thousands of re-
actions. It is natural to wonder whether this wealth of data can be utilized to
build more efficient, interpretable, and predictive models. In this talk, we will use
techniques from statistical learning to develop a framework for constructing Kinetic
Monte Carlo (KMC) models from molecular dynamics data. We will show that our
KMC models can not only extrapolate the behavior of the chemical system by as
much as an order of magnitude in time, but can also be used to study the dynamics
of entirely different chemical trajectories with a high degree of fidelity. Then, we
will discuss three different methods for reducing our learned KMC models, including
a new and efficient data-driven algorithm using L1-regularization. We demonstrate
our framework throughout on a system of high-temperature high-pressure liquid
methane, thought to be a major component of gas giant planetary interiors.
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