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ABSTRACT

Mechanical stresses in polymers typically compromise their mechanical integrity, for example by
inducing carbon-carbon bond scission reactions that degrade polymer molecular weight. [1-4] In the
solid state, stress-induced bond breaking triggers the formation of microcracks that propagate and
eventually cause the material to fail under load. [5-7] In solution, shear-induced bond breaking leads to
a loss of viscosity. [1] A new strategy for self-strengthening and/or self-healing polymers has recently
been proposed [8-10], in which stress-sensitive mechanophores in polymers might be
mechanochemically triggered to undergo bond-forming reactions that repair or replace the mechanical
damage (Fig. 1). This strategy differs from the use of weak, reversible bonds that reform after the
stress is removed, in that the nascent polymers are not programmed to fall apart quickly, but rather
have all of the strength and properties associated with a fully covalent structure. The utility of the
mechanophore approach depends on the proposition (heretofore unrealized) that it is possible to
engineer a polymer that, under conditions that typically degrade molecular weight, forms more stress-
bearing bonds than are broken. Here we describe the behavior of a mechanophore-based polymer
under chronic, destructive shear forces in solution and in the solid state. The activation of the
mechanophores creates an opening for covalent bond-forming reactions that not only replace, but also
outcompete the bond-breaking processes. The extent of bond forming and its effect on the ultimate
structure and mechanical properties of the polymers will be discussed.
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Figure 1: A. Mechanical forces lead to polymer degradation and loss of material properties through
carbon-carbon bond scission reactions. B. Proposed mechanism of self-repair based on activation of a
mechanophore (red) that forms cross-links (green) under stress, restoring structure and material
properties.
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