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ABSTRACT

The application of quantum chemical and molecular simulation methods can reveal new insights:
into the thermal degradation chemistries of materials. This work presents and employs an-
extension of classical force-field-based molecular dynamics to modeling chemical reactions..
The method, which may be called Reactive Molecular Dynamics (RMD), is used to investigate.
the mechanism and kinetics of the thermal decomposition in a series of structurally related
polymers including polyethylene, polypropylene, and polyisobutylene. Preliminary results of the,
RMD simulations indicate that changes in the conformational entropy of decomposing.
macromolecules have a profound effect on the rate of the decomposition process. ;
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1. INTRODUCTION

The use of organic polymers in constructed facilities and clothing is now ubiquitous throughout"
the world. Despite having many useful properties, these materials must be considered to present:
a significant risk to public safety because of their inherent flammability, While research jin-
materials flammability has a long and successful history, it is only recently that scientists have
begun to recognize the importance of obtaining a clear understanding of the mechanisms and
kinetics of thermal decomposition and molecular transport in the polymer melt (1).
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Progress in obtaining mechanistic information has been hampered by an absence of direct
experimental techniques for monitoring chemical transformations in the condensed phase at
elevated temperatures. Indeed, thermal decomposition mechanisms are described in the
literature only for the simplest polymers (2-3) and these studies are almost exclusively based on
indirect experimental observations (such as analysis of gaseous products) and/or analogies with
the behavior of smaller, gas-phase molecules.

Recent advances in computer hardware and the development of high- accuracy quantum
chemistry, molecular mechanics, molecular dynamics, and Monte-Carlo-based methods have
opened up a new dimension for investigating the condensed-phase processes. The present work
presents and employs an extension of classical force-field-based molecular dynamics to
modeling chemical reactions. The method, which may be called Reactive Molecular Dynamics
(RMD), is being developed as a tool for analysis of the thermal decomposition of polymeric
materials. Earlier implementations of this method have been successfully applied in studies of
the mechanisms of thermal degradation in a number of polymers and polymer composites (4-7).

In what follows, we provide a description of the RMD, including recent enhancements, and
report preliminary results of simulations on the homologous series of polyolefins: polyethylene
(PE), polypropylene (PP), and polyisobl.ltylene (PIB). -Despite similarities in their structures,
there are substantial differences in the experimental product distributions, which result from the
thermal decomposmon of these polymers (2-3). The purpose of this on-going investigation is,
therefore, to gain insights into the factors, which determine the predominant decomposition

pathways.
2. METHOD

The basis of Reactive Molecular Dynamics is solving the classical equations of motion for the
atoms of the molecular system under study. 'Ihefeatureﬂmtdxsnnguwh&sRMDﬁomother
force-field-based implementations of molecular dynamics is that covalent bonds between atoms
are allowed to break and form during the course of the simulations.

In this method, atomic trajectories are compubed by numerical integration of Hamilton’s
equations of motion:

oH _ dg,
op, o n
OH _ _op;
dq, o’

where g; and p; are the coordinates and components.of momenta of the atoms, and ¢ is time. The
classical Hamiltonian,
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