Self-healing metallopolymers: Detailed
investigation of the self-healing properties
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Introduction
One intriguing feature of self-healing materials is their ability to heal inflicted mechanical damage and, thus, to recover (partially) their
mechanical properties.[1] In particular, intrinsic self-healing based on reversible bonds offers the possibility of highly efficient self-healing
behavior and for long living lasting polymers. Only few examples describe the self-healing based on reversible metal-ligand-interactions.[2] In
this work we use methacrylate copolymers containing terpyridine moieties in the side chain for the formation of self-healing metallopolymer
networks. The materials were synthesized using the reversible addition-fragmentation chain transfer (RAFT) polymerization technique and
subsequent crosslinking by the addition of a metal salts, here iron(II) and cadmium(II) salts.[3]

Results
The synthesis of terpyridine containing copolymers via RAFT-polymerization and the following crosslinking leads to polymers networks, which
can heal themselves if the polymer backbone is flexible enough. Furthermore, it could be shown that polymer networks, which were
synthesized by the addition of cadmium(II) acetate, feature the best self-healing behavior. In that case, the healing mechanism is completely
different and is based on the reversible crosslinking via the acetate moities.[3]
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Improved self-healing behavior: Polymer networks based on butyl
methacylate as comonomer and crosslinked by the addition of
cadmium(II) acetate: a) Scratch and b) healing after 16 hours at
100 °C.
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Self-healing of the crosslinked polymer network with lauryl
methacrylate as comonomer and crosslinked with iron(II) sulfate:
a) Scratch and b) healing after 82 hours at 100 °C.
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A thermomechanical transition of the crosslinked polymer
network with butyl methacrylate as comonomer and crosslinked
with cadmium(II) acetate occurs from ~0 to 50 °C is most likely
due to the coordination of the cadmium ions. This transition is
reversible as shown by the second heating cycle.

Summary
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In summary, we could demonstrate that crosslinked metallopolymer
networks feature self-healing capabilities. This behavior could be
directly correlated with mobility/flexibility of the copolymer backbone.
Up to now, only copolymers with a low glass transition temperature
(before the crosslinking) were able to heal large and wide scratches
(up to 180 µm) during short periods of time and at moderately
ltemperatures (100 °C). It could be demonstrated that self-healing
metallopolymers, which were crosslinked by the addition of
cadmium(II) acetate, feature the best self-healing behavior.
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