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Polymer networks that sustain large reversible deformations are wide-
spread in engineering, biomedical, and electronic applications. However, their 
mechanical properties, particularly at large strains, remain challenging to design 
within their molecular architecture through conventional synthetic methods, as these 
offer limited control over the kinetics and thermodynamics of gelation and, in turn, the con-
nectivity of polymer chains.

In this talk, I will discuss the use of chain transfer agents and catalysts as a tool to control the con-
centration of chain ends during gelation, the percolation threshold, the static heterogeneities, and the small- 
and large-strain mechanical properties of polymer networks. I will consider three (3) networks with similar den-
sities of elastically active chains and evaluate their architecture and mechanical properties through optical microscopy, 
tensile testing, and mechanochemistry. I will show that delayed percolation results in nucleation of static heterogeneities 
near the gel point, lower chain extensibilities and delocalized stresses ahead of the crack front. Finally, I will provide rationale for 
controlling gelation to design advanced polymer networks for emerging and more stringent applications.
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