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The viscoelasticity of dynamic covalent networks arises from the interplay between bond 
exchange kinetics and polymer chain dynamics. In this work, we will discuss recent efforts 
in our lab to use catalysts as well as multiple dynamic bonds to co-optimize elasticity and 
flow in dynamic covalent networks. First, we will discuss our recent work1 on how catalysts 
can be used to control bond dynamics independently of network structure. Here, we 
introduce ‘time-temperature-chemistry’ superposition principles to universally describe 
dynamics across many decades of time by understanding both elasticity and concentration 
effects. Subsequently, we extend this concept to consider mechanistically-distinct dynamic 
bonds that use shared reactants. We show that by reversibly sequestering reactive 
intermediates via dissociative covalent bonds, elastic properties of networks can be fully 
preserved at low temperatures. However, bond dissociation at high temperature can be 
harnessed by associative exchange pathways to access the low viscosities needed for 
reprocessing. Finally, we highlight the distinct role of the dynamics of ‘free’ polymer ends in 
mediating these chemical pathways and the emergent viscoelastic response. 
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