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Real time monitoring of polymerization rate
of methyl methacrylate using fluorescence
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The steady-state fluorescence technique was used to study the polymerization rate and the autoacceleration
due to the gel effect in free-radical polymerization of methyl methacrylate. Pyrene was used as a fluorescence
probe for the in situ polymerization experiments. The times required for the onset of the gel effect were
recorded for various polymerization temperatures. A simple kinetic model was used to validate the
experimental data. The results show that the fluorescence technique can be used to follow the onset of the gel
effect and the activation energy during the polymerization processes. © 1997 Elsevier Science Ltd. All rights

reserved.
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INTRODUCTION

Steady-state fluorescence spectra of many chromophores
are sensitive to the polarity of their environment. The
interactions between the chromophore and the solvent
molecules affect the energy difference between the
ground and the excited states. This energy difference is
called the Stokes shift, and depends on the refractive
index and dielectric constant of the solvent. Recently, by
measuring the Stokes shift of a polarity sensitive
fluorescence molecule, the gelation during epoxy curing
was monitored as a function of cure time'. Time-resolved
and steady-state fluorescence techniques were employed
to study isotactic polystyrene in its gel state. Excimer
spectra were used to monitor the existence of two
different conformations in the gel state of polystyrene.
A pyrene (Py) derivative was used as a fluorescence
molecule to monitor the polymerization, ageing and
drying of aluminosilicate gels. These results were
interpreted in terms of the chemical changes occurring
during the sol—gel process and the interactions between
the chromophores and the sol-gel matrix. Recently, we
reported in situ observations of the sol-gel phase
transition in free-radical crosslinking copolymerization
using the fluorescence technique®*.

The gel effect, also called the Trommsdorf effect in
free-radical polymerization of vinyl monomers, is a well
known phenomenon that is accompanied by an increase
in both rate and degree of polymerization®~’. Methyl
methacrylate (MMA) polymerization in bulk also shows
a very pronounced gel effect caused by diffusion control
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of the termination reaction®. This is a result of increased
viscosity of the reaction solution of poly(methyl metha-
crylate) (PMMA) in MMA monomer. Thus, during the
free-radical polymerization of MMA the monomer con-
version first increases only slightly, but then it accelerates
due to the gel effect. In this paper we use the quenching
properties of the excited state of a fluorescing molecule to
study the gel effect in free-radical polymerization of
MMA. Py is used as a fluorescence probe for the in situ
polymerization experiments. The rate of polymerization
and the time required for the onset of the gel effect were
determined at various temperatures, and the activation
energy for the gel effect was also calculated. In order to
interpret the data a kinetic model is used which combines
concepts given in the literature®.

THEORETICAL CONSIDERATIONS
Fluorescence method

Fluorescence and phosphorescence intensities of aro-
matic molecules are affected by both radiative and non-
radiative processes'®. If the possibility of perturbation
due to oxygen is excluded, the radiative probabilities are
found to be relatively independent of the environment
and even of molecular species. Environmental effects on
non-radiative transitions, which are primarily intra-
molecular in nature, are believed to arise from a
breakdown of the Born-Oppenheimer approximation'".
The role of the solvent in such a picture is to add the
quasi-continuum of states needed to satisfy energy
resonance conditions. The solvent acts as an energy
sink for rapid vibrational relaxation, which occurs after
the rate limiting transition from the initial state.
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