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Weak polyelectrolyte hydrogels are polymer networks containing weakly acidic or
basic groups. The ability of these functional groups to dynamically regulate their
charge gives rise to a multitude of complex effects that are difficult to describe
theoretically as acid-base equilibria, ion partitioning, and hydrogel swelling are
tightly coupled. In this talk, | will provide an overview of our efforts to understand
and model the behavior of weak polyelectrolyte hydrogels using coarse-grained
simulations [1-5] and mean-field approaches [1,3]. At the particle-based level, re-
cent advances in simulation methodology enable consistent modeling of charge
regulation in weak hydrogels [1], including the partitioning of mono- and multi-
valent ions [1, 2, 4]. Comparison of our simulation approach with swelling exper-
iments reveals overall good agreement [2]. At the mean-field level, cell-model
approaches combining the Poisson-Boltzmann equation with a bulk charge regu-
lation term allow for computationally efficient predictions of hydrogel swelling and
ionization over a wide range of conditions [1,3]. Finally, | will discuss recent sim-
ulation results regarding the transport of multivalent ions through dynamically
charge-regulating hydrogels [5], which have important implications for various
technological applications and biological systems.
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