Thesis Title Kinetic and Mechanistic Studies of the

Ring-Opening Polymerisation of Cyclic Esters

Author Miss Wallika Suksomran
Degree Doctor of Philosophy (Chemistry)
Thesis Advisory Committee Dr. Robert Molloy Chairperson
Dr. Wimol Naksata Member
Dr. Kessara Suvannachut Member
ABSTRACT

In this research project, attention has been focused on the ways in which the
kinetics of cyclic ester (lactone) polymerisation are influenced by the choice of
reactants and reaction conditions. Three unsubstituted lactones were chosen for study,
namely: y-butyrolactone (y-BL), d-valerolactone (3-VL) and e-caprolactone (e-CL)
with the emphasis on &-CL. The method of polymerisation used was bulk polymerisation
at 90, 120 and 140°C using either stannous octoate, Sn(Oct),, or stannous acetate,
Sn(Acet),, as initiator in combination with 1-hexanol or 1,6-hexanediol as coinitiator.
The kinetics of the reaction were studied by means of dilatometry and gravimetry. As
expected, the relatively unstrained 5-membered ring y-BL did not polymerise under
the mild reaction conditions employed. However, the medium-strained 6- and 7-
membered 6-VL and &-CL rings polymerised quite easily, with e-CL slightly the faster
of the two. All polymerisations were found to show good adherence to first-order
kinetics relative to monomer conversion, although only after an induction period. This
induction period was found to be much shorter for Sn(Acet), than Sn(Oct),. First-
order rate constants, k; (min™"), were determined from the linear portions of the first-
order rate plots from dilatometry. Comparison of the k; values showed that Sn(Acet),

gave faster rates than Sn(Oct), while 1,6-hexanediol gave faster rates than 1-hexanol.
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However, their effects on the molecular weight of the final polymer were less well-
defined due partly to accompanying chain transfer and transesterification reactions.
These results were interpreted in the light of the now widely accepted coordination-
insertion mechanism in which the Sn(Oct), or Sn(Acet), reacts in situ with the alcohol
coinitiator to form a stannous mono- and/or dialkoxide as the ‘true’ initiator(s). The
polymer products obtained were characterised by a combination of analytical
techniques including IR and 'H-NMR for structural confirmation, DSC and TGA for
thermal characterisation, and GPC and dilute-solution viscometry for molecular weight
determination. In conclusion, this work has revealed some interesting features of this
type of polymerisation which, now that they are more clearly understood, will aid
reaction control and enable polymers (and copolymers) to be synthesized with more

controlled properties and molecular architectures.
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