(De)Activating Bond Exchange Reactions in Dynamic Polymer Networks
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Latent catalysts are a versatile strategy to temporally and locally control the rate of bond exchange
reactions (and the related material flow) in dynamic polymer networks.[1-4] Herein, we explored novel
families of reversibly switchable catalysts, which undergo a distinctive shift in their pKa values due to an
external trigger (either light or a change in temperature).

In a first step, the reversible activation/deactivation of a photoswitchable nitrogen superbase undergoing
light-induced isomerization of dithienylethene groups was studied in thiol-ene photopolymers.[5]
Depending on the color of light used (visible versus UV light), a substantial difference in the pKa value was
observed, which was exploited to kinetically control the base-catalyzed bond exchange between thioester
and thiol groups. The reversibility and local control of the isomerization reaction (and the related bond
exchange kinetics) was demonstrated by stress relaxation, reshaping, micro imprint and tensile testing
experiments.

In a further approach, photochromic merocyanine-based photoacids were synthetized and applied as
reversibly switchable catalysts for acid-driven dynamic polymer networks.[6] Upon visible light exposure,
the catalyst was activated by undergoing a spirocyclization, while the deactivation reaction took place
under dark conditions at elevated temperature. The photoacid was placed in a thiol-ene photopolymer
comprising ample -OH and ester moieties and a reversible control of the transesterification kinetics was
demonstrated by stress relaxation studies. The fast isomerization kinetics and fatigue resistance were used
to generate gradients of active photoacid in a spatially resolved manner at the micrometer level. The
resulting gradient in relaxation properties was applied for mold-free reshaping of dynamic photopolymers.
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