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ABSTRACT:

The design of polymer networks is one of the oldest and most important challenges in chemistry,
impacting many of the highest volume chemical industries from rubber to adhesives to biomedical
materials. However, more than any other branch of materials, networks have resisted precise
characterization. This leaves many open challenges in understanding how their chemical design
is linked to their physical properties of relevance for applications such as food science, biomedical
materials, and consumer products. This lecture will discuss recent advances in our understanding
of polymer networks held together by chemical and/or physical bonds and how this is leading to
new advances in the design and application of these materials.

First, new theories for characterizing the topology and mechanics of chemical networks will be
presented. Driven by advances in a collaborator’s group that enable direct measurements of
primary loops in polymer networks for the first time, we have been able to develop and validate
parameter-free theories for predicting the kinetics of network formation, accounting for network
defects. Using these theories, we can then develop a real elastic network theory built upon the
classical phantom network theory that quantitatively accounts for network defects in calculating
mechanical response. Rheological measurements confirm the validity of this theory, again with no
variable parameters.

Second, we present the stunning observation of superdiffusive dynamics in several chemically
unrelated physical hydrogel systems. Using forced Rayleigh scattering (FRS) to measure self-
diffusion in associating polymer gels, we show that below a certain length scale, Fickian diffusion
transitions to a super diffusive regime that occurs due to the interplay between chain
association/dissociation with the network and chain diffusivity. This super-diffusive behavior can
be quantitatively modeled using a simple two state model for the dynamic equilibrium between a
fast diffusing dissociated species and a slow diffusing associated species. Simulation of these
systems identifies the critical range of molecular designs that can exhibit superdiffusive dynamics.
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