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Polymer networks are among the most important materials in modern society,
yet our ability to predict how their molecular structure governs their bulk
performance remains incomplete. In this talk, I will describe our group’s efforts
to combine efficient synthetic methods, designed model networks, and physical
organic chemistry principles to both construct and deconstruct polymer networks
in ways that reveal hidden structure and enable new functions.

I will first discuss Network Disassembly Spectrometry (NDS),! which enables
direct measurement of topological defects in polymer networks by converting
latent structural information into analytically readable molecular fragments.
Building on this platform, I will describe our development time-dependent NDS,
which reveals that network deconstruction itself can be topology-selective,
uncovering a link between network topology and chemical reactivity and
suggesting new opportunities for “topological editing” of synthetic
macromolecules.? These insights into hidden topology motivated a broader
question: can topological design be used not only to understand polymer
networks, but also to make them tougher and more sustainable (Figure 1)? I will
next describe our recent efforts in polymer mechanochemistry, where force-
responsive covalent motifs are strategically embedded into networks to control
fracture34 and ballistic energy dissipation.®
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