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ABSTRACT:

Soft and hydrated materials that consist of polymeric network and solvent are
ubiquitous in nature from cells, tissues to organs. They are also important
engineering materials. For instance, various hydrogels have been widely used as cell
culture scaffold, drug carrier, wound dressing, microfluidic device, sensors,
actuators, soft robots, fuel cell membrane, and many others. Defying the classical
definitions of solid and fluid, these materials are both solid-like and fluid-like. The
liquid component also provides an ideal media to host chemical reactions. The
coupled liquid flow, chemical reaction, and network deformation makes the
response of the materials sufficiently complex that ample room exists for new
understandings connecting mechanics, chemistry and materials. In this work, we
present a rigorous nonequilibrium thermodynamic framework that couples large
deformation, reaction and diffusion to study the fully coupled chemomechanical
behaviors of these soft hydrated materials. With a particular system, the light-
responsive gels, we demonstrate how the model can be used to design better
materials with unique opto-electro-chemo-mechanical properties. To calibrate the
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punch, spherical indenter and conical indenter. The solutions are summarized in
remarkably simple forms allowing the material parameters including both
mechanical and transport properties to be extracted with ease. The method is
demonstrated on various gels using AFM.
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