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All cross-linked polymer network materials have multicyclic topologies which are
dependent on the network formation conditions [1]. Primary loops, the smallest
possible cyclic defects, play a critical role in network structure and macroscopic
properties. Advanced characterization techniques such as network disassembly
spectrometry (NDS) and computational simulations have established how chain-
length and concentration influence primary loop formation in long flexible
polymer chains [1-3]. However, the role of molecular features in small-molecule-
derived networks remains poorly understood and is key for understanding the
structure of thermoset resins and dilute multicyclic polymers. In this work, we
apply NDS to a library of Az linkers to study how molecular features such as
monomer length and rigidity influence primary loop formation in highly
crosslinked A, + Br materials. We find that the conformation of the loop-forming
A-Br1 intermediate dictates cyclization propensity. By coupling NDS results with
molecular dynamics simulations of these intermediates, we identify molecular
descriptors that govern loop formation across these materials. These findings
establish molecular-level design principles for predicting and controlling the
cyclic topology of thermosets and multicyclic polymers.
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