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Development of stimuli-sensitive elastomer by controlling physical cross-links with additives
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Temperature-responsive polymers with lower critical solution temperature (LCST) undergo
aggregation and phase separation when heated in solutions. Many reports have confirmed that
hydrogel materials, which consist of polymers with LCST, harden when heated above the
phase transition temperatures and soften when cooled below these temperatures. However,
only polymer gels containing solvents exhibit this behavior. Therefore, the purpose of this
research is to develop polymer materials without solvents that exhibit such responsiveness.

In this study, we focused on a system consisting of thermoplastic elastomer and additives
that disrupt the physical crosslinks of the polymer through non-covalent bonds at a low
temperature. The non-covalent bonds weaken at a high temperature, decreasing the inhibition
of physical crosslinking by the additive and consequently toughening the polymer.

To achieve the above concept, we used PDMS polyurea with naphthalene moiety as the
thermoplastic elastomer and pyromellitic diimide derivative as the additive. The additive
exhibits charge-transfer interaction with the naphthalene moiety. Consequently, the mixed
film containing the additive and the polyurea undergoes less softening when heated compared
to the film of polyurea alone. However, toughening by heating has not been achieved. In
future, polyurethane using naphthalene diimide moieties as a thermoplastic elastomer and
pyrene derivative as an additive should be utilized to prove our concept and develop a
temperature-responsive elastomer that hardens upon heating and softens upon cooling.
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