Impacts of network architecture and composition on
liquid crystal elastomer phase transitions
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Liquid crystal elastomers (LCEs) are crosslinked polymer networks that undergo
phase transitions between liquid crystalline and isotropic states through
incorporation of liquid crystalline mesogens into a flexible polymer backbone.
Due to the coupling between nematic order and mechanical strain, LCEs exhibit
reversible macroscopic shape change with temperature-induced thermotropic
transitions, and can release/absorb heat during strain-induced mechanotropic
phase transitions. However, LCEs typically suffer from significant ‘smearing’ of
phase transitions, arising from a combination of stress and network
heterogeneities. End-linked crosslinking with a multifunctional crosslinker
species results in sharper nematic-to-isotropic (N-I) transitions compared to
conventional acrylate crosslinking methods. The crosslinker molecules also dilute
the mesogen content, leading to a coupling of compositional and topological
effects that determine LCE phase behavior. To articulate this interplay, we
systematically vary the concentration of the crosslinker molecule in polydomain
LCEs and quantify the resulting thermal and rheological properties. We find that
the N-I transition temperature (Tn1) is determined by a competition between
mesogenic dilution and the degree of crosslinking. Separately, to further reduce
network heterogeneities, we synthesize LCEs from fractionated precursor
oligomers with reduced dispersities (Mw/Mn<1.4). The fractionated LCEs exhibit
sharper N-I transitions compared to unfractionated LCEs (Mw/Mn~2.1),
especially for short-to-intermediate chain lengths.
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