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Monte Carlo simulations of equilibrium polymerization in liquid sulphur and phosphorus
have been performed using a classical force field derived from density functional
calculations on small molecular systems containing these elements. The transitions are
entropy-driven in both systems. Ring-opening polymerization occurs in sulphur. Liquid
molecular phosphorus undergoes transitions under increasing temperature and pressure
to two polymeric phases with different local coordinations: predominantly cubic at high
pressure, tetrahedral at low pressure.

1. INTRODUCTION

Many biological structures and organic materials with important industrial applications
are products of polymerization reactions. The control of these processes is usually
adequate for practical purposes, in industry and in nature, but knowledge of the
mechanisms involved is often rudimentary. Progress can be hampered by the complexity
of the monomers involved and their reaction mechanisms, and by the interplay of kinetics
and equilibrium constraints. The quest for simplifying conditions has led many
researchers to focus on equilibrium polymers, particularly those involving small and
simple monomers. The simplest prototypes comprise a single element, and sulphur and
phosphorus offer excellent testing grounds, since both polymerize in the liquid state under
Increasing temperature or pressure.

Sulphur and phosphorus are known for their large number of solid allotropes at

relatively low temperature and pressure. Sulphur, in particular, melts at 7. =386 K to a

molecular liquid comprising mainly crown-shaped Sg units. With increasing 7 at constant
(ambient) pressure, S undergoes a liquid-liquid transition (A -transition) usually attributed
to the ring opening polymerization (ROP) of Sg. Polymerization is entropy driven, as
shown by the fact that it takes place with increasing temperature. Potential energy plays

an ancillary role, and computational studies, thermodynamics and spectroscopic



























