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ABSTRACT

In this research project, the synthesis and characterisation of some novel tin(l1)
alkoxide-based macroinitiators for use in the ring-opening polymerisation (ROP) of
two cyclic ester monomers, namely: e-caprolactone (CL) and L-lactide (LL), were
studied. Firstly, tin(ll) t-butoxide and tin(1l) n-butoxide, Sn(O-t-C4Hy), and Sn(O-n-
C4Ho),, were synthesized via 2 similar procedures: (Procedure 1) using anhydrous
tin(11) chloride (SnCly), triethylamine ((C,Hs)sN) and either t-butanol (t-C4HsOH) or
n-butanol (n-C,HysOH) and (Procedure 2) using anhydrous tin(ll) chloride,
diethylamine ((C,Hs).NH), the alcohol and n-heptane (n-C;Hi) as a solvent. Both
procedures yielded Sn(O-t-C4Hg), and Sn(O-n-C4Hg), products which, after
purification, had only limited solubility due to molecular aggregation. It was
observed that the products from Procedure (2) were slightly more soluble than those
from Procedure (1) while Sn(O-n-C4Hg), was slightly more soluble than Sn(O-t-
C4Hg),. Structural characterisation was carried out by a combination of analytical
techniques including FT-IR, *H-NMR, DSC and TGA. Following their purification,
the tin(ll) butoxides were then employed as initiators in the low molecular weight
ROP of CL monomer to yield the Sn(O-t-C4Hy),—PCL and Sn(O-n-C4Hg),—PCL
macroinitiators using monomer : initiator mole ratios, [M]:[l], of 10:1 and 20:1 at

temperatures of 120°C and 150°C for 72 hours. However, due to the incomplete



solubilities of the initiators in the CL monomer, the number-average molecular
weights, M, , of the macroinitiators, as determined by both *H-NMR and dilute-
solution viscometry, were significantly greater than the theoretical values (M, = 1.41
x 10° and 2.55 x 10%) based on the [M]:[I] ratios. The difference was much greater
for the Sn(O-t-C4Hg),—PCL macroinitiators (M, = 1.59-2.29 x 10%) than for the Sn(O-
n-C4Hg),—PCL macroinitiators (M, = 3.40-3.66 x 10°). The purified macroinitiators
were completely soluble in solvents such as chloroform, acetone and toluene and
stable on prolonged storage. When the macroinitiators were used at a concentration
of 0.1 % mol to initiate the bulk ROPs of CL and LL at 120°C and 150°C for 72 hours,
polymerisations occurred yielding PCL and PLL polymers, thus confirming that the
Sn-O bonds in the macroinitiators were active sites for initiation and propagation.
However, there was some evidence to suggest that some transesterification may have
occurred in the PLL polymerisations resulting in lower MM, values than for PCL. The
results also indicated that, due to their lower M, and therefore greater molecular
mobility, the Sn(O-n-C4Hg),—PCL macroinitiators were more efficient than the
Sn(O-t-C4Hy),—PCL macroinitiators in terms of yielding PCL and PLL final products
with higher M, values. This view was supported by kinetic data obtained from
dilatometry at 120°C which gave values for the apparent first-order rate constant, Kapp,
of 1.27 x 10 min™ and 8.25 x 10™ min™ respectively for CL polymerisation at a
macroinitiator concentration of 0.07 mol %. When this concentration was increased to
1.0 mol % for the Sn(O-n-C4Hg),—PCL macroinitiator, a much more typical kinetic
profile was obtained, reaching 90% conversion within 2 days, with a 5-fold increase
in the rate constant to 5.95 x 10 min™. On the basis of these combined results, it is
concluded that the use of a soluble macroinitiator does provide a useful alternative to
the more conventional Sn(OR), and Sn(Oct),/ROH initiating systems. However, the
synthesis procedure still needs to be improved in order to be able to produce
macroinitiators with predictable and reproducible M, which are high enough for
solubility to occur (estimated to be M, = 10%for PCL) but not too high to decrease

initiating efficiency and affect the properties of the polymer that they initiate.
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