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o X #H H Molecular Characterization of Poly(lactic acid)
Having Various Regioregularities

Polylactic acid (PLA) is a representative biobased aliphatic polyester obtained from
renewable and sustainable vegetal resources such as corn. Over several decades, PLA has
received considerable attention in various academic and industrial fields as a substitute for
fossil resource-derived plastics in the polymer industry and as a biocompatible material in the
medical industry. However, there are very limited studies on the molecular characterizations
of PLA, such as molar mass, molar mass distribution, and conformational properties, which
are the most important and fundamental physical quantities characteristic of macromolecules.

This study aims to experimentally rationalize the relationship between stereoregularity and molecular
conformation of PLA. Several PLAs having various stereoregularities and a wide range of weight-average
molecular weight (M) from 10° to 10° were synthesized at 150 °C by ring-opening homo- and
copolymerization of D-lactide (DLA) and L-lactide (LLA) with benzyl alcohol as an initiator and tin(IT)
dichloride dihydrate as a catalyst. The dilute solution properties of the PLAs were thoroughly studied in
tetrahydrofuran at 25 °C by static light and small-angle X-ray scattering and intrinsic viscosity ([77])
measurements. The M, dependences of the z-averaged mean-square radius of gyration and [#] were
rationalized as a function of the stereoregularity. The experimental data was analyzed in terms of the
cylindrical wormlike chain model. The fundamental physical parameters characteristic of PLA chain
conformation, such as stiffhess parameter, molar mass per unit contour length, contribution at the chain ends,
mean square cross-section radius of gyration, diameter of the bead, and excluded-volume effects were
determined and summarized as a function of the stereoregularity. The change in the stereoregularity was
found to play an important role in the molecular conformation of PLA throughout the significant change in
the local conformation of the polymer.
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