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The two most important properties of polymer hydrogels for most common applications are their mechanical strength and transport of molecular and biological species. Typically, these properties depend critically on the crosslink density or “mesh size” of the polymer network, as extracted from macroscopic measurements assuming a homogeneous polymer structure. However, most polymer hydrogel networks are structurally heterogeneous due to polymer architecture and chemical heterogeneity. Although heterogeneity in hydrogels is widely recognized, its specific role in determining mechanical and transport properties is not well understood.
To fill this gap, we present detailed studies of structure, mechanics, and diffusion in two types of model poly(ethylene glycol ) (PEG) hydrogels: heterogeneous PEG diacrylate networks and homogeneous tetra-PEG networks. Small angle neutron scattering (SANS) measurements on PEG hydrogels with varying precursor molecular weight and concentration allow us to differentiate the molecular-scale structure of the gels. In the case of PEG diacrylate gels, we present a new model whereby the heterogeneous structure is comprised of a fractal network of star-like polymer blobs, giving a more accurate description of the than the often-used Ornstein-Zernike model.  This allows for better insight into the impact of inhomogeneity on the mechanical and transport properties of the gels. Specifically, fluorescence recovery after photobleaching (FRAP) and differential dynamic microscopy (DDM) measurements allow us to quantify the size-dependent diffusivity of both molecular and colloidal probes, and mechanical measurements are used to determine the scaling behavior of elastic properties with the gel composition. In both cases, we find that non-homogeneous PEG hydrogels exhibit qualitatively different behavior than their homogeneous counterparts. Our results have significant implications for the characterization and design of hydrogels for many applications in biotechnology and separations.
