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Density functional calculations of the structures, potential en-
ergy surfaces, and reactivities for systems closely related to
bisphenol A-polycarbonate (BPA-PC) provide the basis for a
model describing the ring opening polymerization of 1ts cyclic
oligomers by nucleophilic molecules. The model comprises a
fixed number of difunctional particles and harmonic bonds, and
includes a low concentration (0.01% < ¢, < 0.36%) of mono-
functional active particles able to modify pattern of the bonds
without changing the total number. Monte Carlo simulations
using this model show that in 2D and 3D there is a transition
from unpolymerized cyclic oligomers at low density to a sys-
tem of linear chains at high density. Entropy in the distribution
of inter-particle bonds drives chain formation. The effects of
branching defects are investigated by adding trifunctional units
(of concentration c3). At sufficiently high density and cg values,
the linking of polymer chains by trifunctional units gives rise to
an aggregate (gel) incorporating most of the system mass.

Introduction

The outstanding mechanical, optical and thermal properties of polycarbonates un-
derlie their diverse industrial applications, which motivate the continuing interest
by experimental and computational research groups. Although polycarbonates
have been produced on an industrial scale for decades, important questions re-
main concerning the relation between their macroscopic properties and the atom-
istic structure. An example is the polymerization of cyclic oligomers of bisphenol
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A polycarbonate (BPA-PC) to long chains and rings, whose size distribution 1s
crucial to the thermal and mechanical properties. The linear structure of BPA-PC
can be modified by branching centers arising from parasitic reactions, impurities,
or additives. The resulting cross-links can alter greatly the polymer size distribu-
tion and the dynamical (e.g., diffusion, viscosity) and mechanical properties.!*?
Branching can also result in transitions to qualitatively new phases such as gels

and rubber.’

A detailed understanding of the molecular size distribution and of the effects
of branching requires a multifaceted investigation covering electronic and struc-
tural properties, chemical kinetics, and statistical mechanics. We describe here
two examples of such computational investigations: the first explores the ring-
opening polymerization (ROP) of BPA-PC starting from its cyclic oligomers and
using small nucleophilic catalysts,* the second analyzes the influence of branching
centers on the molecular structure and size distribution.

The basic reaction step leading to the ROP of BPA-PC has been investigated
by combined density functional (DF)/ molecular dynamics computations,® which
provide reliable predictions of reaction pathways and energies for these systems.
The effect of many such reactions occurring in a condensed environment has then
heen investigated by Monte Carlo (MC) computations for a model based on the
DF results, which provide key parameters. The model consists of structureless
harticles representing BPA monomers, with harmonic springs representing cova-
lent bonds among them. It also includes catalyst particles and a bond interchange
mechanism mimicking the reaction investigated by DF. The model describes fully
flexible chains and rings, and thus provides an idealized view of BPA-PC. More-
over, our assumption of equilibrium polymerization allows us to use standard sta-
tistical mechanics approaches like MC, and to compare our results to those of
previous studies for equilibrium (“living”) polymers.°

The role of branching defects on the equilibrium structure has been investi-
gated following the same strategy used to study polymerization. First, the chem-
ical pathways leading to branching defects have been analyzed by DF computa-
tions.” The equilibrium properties of fluid mixtures of di- and trifunctional units
have then been determined by Monte Carlo simulations as a function of density,
temperature and concentration cg of the trifunctional monomers. Whenever the
density and c3 concentration are sufficiently high, the linking of polymer chains
leads in 2D and 3D to a molecular aggregate (gel) comprising most of the system
mass. This is a continuous transition analogous to percolation.

Reactions of phenoxides with cyclic tetramer

The ring-opening polymerization of cyclic oligomers of BPA-PC 1is catalyzed
by nucleophilic molecules such as lithium and sodium phenoxide (LiOPh and
NaOPh, respectively). The reactions have remarkably low exotherms, with en-
thalpy changes at the limit of the experimental resolution (A < 0.3 kcal/mol





















