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tissue-mimetic properties by architecture
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In contrast to biological networks, where mechanical properties can be
independently tuned, synthetic polymer networks obey a long-standing
constraint: their physical properties are intrinsically coupled and cannot be
adjusted independently of one another. Here, we challenge this paradigm using
bottlebrush macromolecules as architecturally programmable building blocks for
tissue-mimetic materials.

Bottlebrush polymers enable access to sought-after combinations of softness,
damping, swelling, and adhesion that are difficult to realize in conventional
networks. Densely grafted side chains govern physical properties in two ways:
(i) they disentangle network strands and (ii) they increase strand persistence
length [1]. The first effect alleviates constraints on crosslink density, enabling
supersoft and highly swelling polymer networks that closely match soft tissues
such as brain and jellyfish [2]. The second, i.e., variable persistence length,
controls elastic modulus, strain-stiffening, and relaxation times [3].

By independently tuning the size and flexibility of brush-like network strands,
we decouple key mechanical parameters and create materials exhibiting
seemingly oxymoronic property combinations, including soft-yet-firm, elastic-
yet-dissipative, and stiff-yet-stretchable. These results establish macromolecular
architecture as a powerful design variable for overcoming intrinsic limitations of
conventional polymer networks and for engineering next-generation soft
materials.
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