The Microscopic Origins of Macroscopic Flow:  

A Study of Polystyrene Vitrimers

Vitrimers combine thermoset robustness with thermoplastic processability via associative dynamic covalent cross-links. However, the fundamental mechanisms governing their flow, specifically whether macroscopic relaxation is controlled by intrinsic chemical kinetics or physical transport limitations, remain heavily debated. To resolve this ambiguity, this dissertation investigates the linear viscoelasticity of polystyrene vitrimers bearing dynamic imine cross-links. Rheological properties were evaluated using small amplitude oscillatory shear and creep compliance to systematically study the effects of stoichiometry, cross-linker nucleophilicity, and cross-linker length. Initial studies varying the amine-to-aldehyde stoichiometric ratio revealed a bimodal relaxation spectrum. While excess free amines successfully tuned the plateau modulus and macroscopic crossover frequency, the activation energy of the slow terminal flow remained unaffected. Subsequent investigations utilizing small-molecule diamines demonstrated that the macroscopic rheological activation energy scales linearly with both the cross-linker  and its diffusion activation energy. This provided evidence that the temperature dependence of the slow relaxation regime is jointly governed by  and the diffusion of the cross-linker through the matrix. , however, primarily dictated the rate of slow relaxations, as confirmed by creep and SAOS measurements. Finally, small-molecule cross-linkers were replaced with flexible poly(ethylene glycol) chains. Increasing the cross-linker length resulted in a significant decrease in the rheological activation energy. Ultimately, these findings provide critical insights into the structure-property relationships governing vitrimer processability. 

