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ABSTRACT

The bulk ring-opening polymerization of two cyclic ester monomers, namely:
L-lactide (LL) and e-caprolactone (CL) has been studied using a series of six tin(Il)
dialkoxides, Sn(OR); (R = CHs, C,Hs, C3H7, C4Hg, CsH13 and CgHy7), as coordination-
insertion initiators. Polymerizations were carried out at two different temperatures: 90
and 140 °C. The Sn(OR), initiators were synthesized via the reaction between
anhydrous tin(ll) chloride, SnCl,, and the corresponding alcohol, ROH, with
triethylamine, (C;Hs)sN, as an HCI scavenger. Yields varied between 9-91 %,
decreasing with the size of R group. The hexoxide, Sn(OCgHj3),, and octoxide,
Sn(OCgH17),, are apparently novel compounds, not having been previously reported in
the literature. The Sn(OR), compounds were characterized by a range of analytical
techniques which, while confirming their molecular structures, also indicated that they
were aggregated in the solid state. In CL polymerization at the lower temperature of
90 °C, and using an initiator concentration [Sn(OR),] of 0.1 mol % ([M]/[I] = 1000),
polymerization did not occur, even at prolonged reaction times. However,
polymerization did occur at the higher temperature of 140 °C yielding polymers with
molecular weights ranging from M, = 0.93-3.74 x 10* depending on the initiator used.
When the kinetics of CL polymerization at 140 °C were studied by dilatometry, it was
found that the rate data fitted more closely to zero-order than the expected first-order
kinetics. This deviation from first-order behaviour was attributed to the slow and often
incomplete solubilization of the initiator in the CL monomer. Only the hexoxide and
octoxide initiators dissolved completely within the timescales of their polymerizations.
The apparent zero-order rate constants, Ko, for the initiators that were only sparingly
soluble (R < C4Ho) were all in the region of 2 x 102 mol I"* min™. In contrast, the
hexoxide and octoxide initiators (R = CgH13, CgHi17) gave ko values which were 2 to 3-
fold higher due to their greater solubility. In addition to their highest rates, these 2
initiators also gave the highest polymer molecular weights. These results demonstrate
that soluble Sn(OR); initiators can be prepared which offer more reaction control than
if generated in situ via the conventional Sn(Oct),/ROH initiating system.
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