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Polyisoprene (Pl) vitrimers based on telechelic precursors and dynamic imine bonds
represent covalent adaptable networks that combine permanent connectivity with thermally
activated associative bond exchange. For this system, indications of phase separation
(SEM, SAXS) and thermally activated equilibration at =80 °C have been reported?. In this
study, time-domain solid-state NMR is employed to probe network structure and phase
behavior in detail under different preparation and thermal treatment conditions.

The bulk network structure was analyzed by 'H double-quantum (DQ) NMR at 80 °C, where
segmental mobility allows probing of the equilibrium network structure. The residual dipolar
coupling, D,., as a measure of network chain constraints, decreases with increasing
molecular weight, consistent with the expected reduction in crosslink density. At the same
time, the width of the coupling constant distribution, o, reflecting network heterogeneity
decreases, indicating reduced spatial heterogeneity of network constraints. The elastically
inactive (isotropic fraction) increases with molecular weight, consistent with an increasing
contribution of dangling chains, loops, and entanglements. In systems exhibiting phase
separation, these observables are additionally influenced by contributions from aggregated
domains.

To disentangle chemical and topological contributions, swelling experiments were
performed. Consistent with the concept of desinterspersion, solvent uptake separates
interpenetrated strands, releases packing and entanglement constraints, and dissolves
aggregated domains. The resulting phantom reference values reveal that bulk constraints
are significantly overestimated due to topological contributions, particularly at low molecular
weight. Also, comparison of different preparation routes reveals non-equilibrium structure.

Overall, the results reveal that network constraints in Pl vitrimers are strongly influenced by
aggregation and topological effects, and that swelling-induced structural changes are not
fully reversible within the experimental time scale despite dynamic bond exchange.
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