Muscle-like adaptability from liquid crystal networks
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Recent advances in soft robotics have witnessed the transition from shape morphing, to
encoding adaptive mechanical responses into materials. In many biological materials and
tissues such as muscle fibers, collagen or fibrin, non-linear elasticity and strain-stiffening are key
features that allow the establishment of high strains, and resistance to failure. | will discuss our
efforts to develop strategies towards wholly artificial molecular materials that respond to
illumination actively, with such a muscle-like mechanical response.

We have reported earlier on springs of liquid crystal polymer networks, in which azobenzene
photo-switches are incorporated covalently, so that their photo-isomerization is amplified
across increasing length scales, and eventually results into complex and versatile motion at the
macroscale [1]. We have also shown that these objects also display non-linear responses to
mechanical stress [2]. Here, we evidence that these springs stiffen under illumination with UV
light, i.e. upon disruption of the liquid crystalline order. This stiffening stands in contrast to the
photo-induced softening that was reported in fully polymerized networks so far. We propose
that this adaptability to light is mediated by the low molecular mass liquid crystal that is
incorporated into the network, because this liquid crystal interacts differently with the polymer
fibers, depending on the polarity of the latter.

Besides unraveling an unprecedented photo-stiffening effect in liquid crystal networks, these
results establish phase heterogeneity as a key control parameter in the photo-mechanical
response of these materials.
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