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Self-healing hyper-elastic soft materials can be accurately modeled, understood and designed
using Molecular Dynamics (MD) simulations together with emerging techniques in data-science
and machine learning. We have developed models of soft-matter systems using computationally
efficient coarse-grained models that bridge atomic-to-mesoscopic length and timescales. I will
describe two classes of soft materials that I have studied with these modeling techniques.
The first material system is superlattices that self-assemble from nanoparticles stabilized by
selected soft organic ligands. These materials exhibit unique combination of functional properties
relevant for applications in mechanical, optical, chemical detection, sensing and actuation. For
example, PbS nanoparticles stabilized by oleic acid ligands were found to self-assemble into facecentered cubic crystals that demonstrate a remarkable degree of flexibility, with an elastic modulus
of 2-3 GPa and the ability to retain crystalline order up to pressures of 40 GPa. These dramatic
size changes enable broad tunability of the electronic/optical properties of the crystal by using
pressure to tune the spacing between nanoparticle cores. Similarly, we found that thin membranes
of Au-oleic acid superlattice stretch up to 90% strain without breaking and even completely selfheal when repetitively strained beyond the breaking point. The second material system is ordered
structures of collagen self-assembled in vitro. The fundamental principles uncovered in this study
are relevant for understanding the self-organization of numerous other biological macromolecules.
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