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Abstract:  

Recent experiments have shown that soft polymeric materials with bonds that can dynamically 
break and reform exhibit novel properties such as self-healing, stimuli-responsiveness, and 
enhanced fracture toughness. In these material systems, the chemical kinetics of dynamic bonds 
can often lead to time dependent macroscopic mechanical behaviors. In this seminar I will 
present our efforts on developing theoretical models for two material systems with dynamic 
bonds.  The first part is concerned with a recently developed polymer with covalent-crosslinks 
that can undergo temperature-dependent exchange reactions. Such reactions result in 
macroscopic flow and self-healing behaviors. We developed a theory based on thermodynamic 
principles to describe the coupling between temperature, chemical reaction and mechanical 
deformation. Our theory was implemented in a three-dimensional finite element framework and 
was used to simulate the material behaviors observed in experiments of existing literature. The 
second part is about a self-healing hydrogel with two types of crosslinks: dynamic physical 
crosslinks and permanent chemical crosslinks. We developed a model to connect the 
macroscopic rate-dependent mechanical behaviors to the kinetics of crosslink breaking and 
reforming.  The predictions yielded by our model agree excellently with experimental data of 
tensile tests with various strain histories.    
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