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Motility is a ubiquitous feature of living systems and is driven by the ability to convert
chemical energy into mechanical work. Synthetic polyelectrolytes provide a simple analogy
to this through the volume change associated with ionisation and this effect was used to
build a single stroke “artificial muscle" more than fifty years ago. Macroscopic applications
of such stimulus responsive gels are limited, however, because the volume change relies
on mass-transport of solvent and is ultimately limited by the gel-response rate. Recent
efforts toward synthetic muscles have concentrated on actuation by temperature, light or
electric fields. Recognising the fundamental limitation of chemical actuation we have
constructed a scalable responsive-gel from a robust, self-assembled block copolymer
comprising hydrophobic, glassy end-blocks and a weak polyacid mid-block. The gels
deform affinely in response to a pH stimulus with a volume change of 3. When coupled to a
chemical oscillator, this provides a free running chemical motor that generates a peak
power of 20 mW/kg, by the serial addition of 10nm shape changes, to provide reciprocating
macroscopic motion on the mm scale.
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