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Materials capable of actuation in response to external stimuli (light, temperature, pH, and magnetic and electrical stimulations) have found widespread applications in materials, medicine and biology. The use of light to actuate materials is advantageous as it allows for precise and localized alterations, by simply regulating specific light parameters (light intensity, wavelength, exposure time and area of exposure). We have developed a poly(hydroxyethyl acrylate)-based hydrogel that employs a redox-responsive crosslinker – which consists of viologen subunits tethered by a hexaethylene glycol spacer and capped with polymerizable styrene units. These dicationic viologen subunits (V2+) can be reduced to their monoradical cations (V+) through a photoinduced electron transfer (PET) process using a visible-light-absorbing photocatalyst (tris(bipyridine)ruthenium (II) dichloride) embedded in the hydrogel. The resulting intramolecular stacking of viologen radical cations – through radical-radical pairing interactions– leads to contraction of the hydrogel network and change in the hydrogel’s stiffness and tensile strength, which is reversed via oxidation of the viologen subunits and swelling in water. This reversible PET process was used to photopattern the same hydrogel multiple times, where the pattern was ‘erased’ each time by turning off the light (~450 nm) source and allowing for oxidation and re-swelling in between patterning steps. Masked areas for the hydrogel exhibited lower (by 1–2 kPa) shear storage moduli (G′) than the areas that were irradiated for 1.5 h. Currently, we are developing a photo-redox actuating hydrogel system which could actuate with lights of multiple wavelengths. 
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