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Frontal polymerization-induced morphogenic patterning

Materials with hierarchical architectures that combine soft and hard material domains with coalesced
interfaces possess superior properties compared to their homogeneous counterparts. This talk describes
the control of material properties through morphogenic pattern formation during frontal polymerization of
cyclooctadiene (COD) with comonomer ethylidene norbornene (ENB). Tuning of the reaction kinetics and
thermal transport gives rise to spin mode instabilities and the formation of amorphous and semi-crystalline
domains emerging from the internal interfaces generated between the solid polymer and the propagating
cure front. The size, spacing, and arrangement of the domains are controlled by the interplay between the
reaction kinetics, thermodynamics, and boundary conditions. Comparison of the structure of polymers
made with the three different initiators reveals reproducible variations in the orientation of the polymer
chains with respect to direction of front propagation. We characterize the influence of these patterned
domains on the tensile strength, elastic modulus, and toughness of the polymer. The spatial distribution
and alignment of chains, alongside the packing of lamellae lead to significant increases in fracture
toughness in preferred orientations.
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