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Complex coacervation is an associative liquid-liquid phase separation process
driven by electrostatic interactions between oppositely charged
(bio-)macromolecules and the release of bound counter-ions, typically resulting
in the formation of a polymer dense phase (the coacervate) and a dilute
supernatant.!*! Through the modification of the local ionic strength, the physical
properties of this coacervate phase can be tuned from a free-flowing viscoelastic
fluid to a solid-like polyelectrolyte complex. However, being governed solely by
non-covalent interactions such as electrostatic attraction and physical
entanglements, these materials tend to yield and flow relatively quickly under
sustained load.[?] Reinforcement using permanent covalent crosslinks has proven
unattractive, as it sacrifices the inherent tunability and adaptability of the
coacervate system.[3]
In this work, we demonstrate the use of dynamic covalent crosslinks as a viable
strategy for the reinforcement of a complex coacervate. Specifically, the two
reactive components of the acylhydrazone motif — an aldehyde and an
acylhydrazide — are grafted onto the backbones of two oppositely charged
polyelectrolytes, such that crosslink formation occurs upon mixing and
coacervation. The resulting dynamically crosslinked coacervates are
characterised by rheology.
The properties of the final material can be tuned through two independent
handles: the addition of a simple inorganic salt such as sodium chloride shields
the electrostatic interactions and weakens the coacervate network, while the
introduction of a benzaldehyde competitor selectively disrupts the dynamic
covalent crosslinks. Together, these orthogonal control mechanisms offer a
versatile route to reinforced coacervate materials with retained adaptability.
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