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ABSTRACT

Quantum chemical calculation using density functional theory (DFT) with
mixed basis set was used to investigate the ring-opening polymerization (ROP)
mechanism of e-caprolactone (CL) initiated by tin(ll) alkoxides, Sn(OR),, where R =
n-C4Hg, i-C4Ho, t-C4Hg, n-CgHis and n-CgHj;. The calculated information
(geometries, energies and vibrational frequencies) support a coordination-insertion
mechanism initiated by tin(Il) alkoxide with two transition states and six steps of
reaction prior to the ROP. The coordination of CL onto tin(ll) metal center lead to a
nucleophilic addition of the carbonyl group of CL, followed by an intramolecular
interaction exchange of alkoxide ligand.. A monomer insertion was completed by the
CL ring opening via acyl-oxygen bond cleavage. The relative energies of all
investigated stationary points along the reaction profile were calculated from potential
energy surface. From the energy profile, all initiators demonstrated exothermic
reaction and the rate determining step was the nucleophilic attack of the tin(ll)

alkoxide on the carbonyl carbon of the CL monomer at the first transition state (TS1).
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The Sn(OR), with R having n-C4Hg has the lowest apparent energy barrier resulting
in the fastest rate under the same condition due to the least steric hindrance effect and
the shortest ligand compared to other R groups. Both electronic and steric properties
of monomer affect the reaction barriers. The electronic and structural information of
transition state structures along the reaction pathway was employed to obtain the
thermal rate constant using the transition state theory (TST) with TheRATE program.
The calculated rate constants of all initiators are in good agreement with experimental

results. This study could be useful to ROP initiated by tin(Il) alkoxide and other metal

initiators.



