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ABSTRACT
Photoresponsive membranes capable of actively controlling gas transport in response to external stimuli offer transformative potential for adaptive separation processes. This work reports the design, fabrication, and performance evaluation of ultraviolet (UV)-switchable gas separation membranes based on cellulose triacetate (CTA) blended with azobenzene (AZB) and liquid crystals (LCs). Dense flat-sheet CTA–AZB–LC membranes were prepared by solution casting and characterised in single-gas permeability measurements at 2 bar and room temperature under dark and UV-irradiated conditions. Upon UV activation, membranes containing 10 wt% LC exhibited a substantial increase in CO₂ permeability, reaching 221 Barrer, while permeability changes for H₂ and N₂ remained comparatively minor. Time-resolved permeability measurements demonstrated rapid switching behaviour, with more than 50% of the final CO₂ permeation achieved within one minute of UV exposure and stable performance under sustained irradiation. After cessation of UV, membranes showed high recovery of baseline performance (≈88–93%). Repeated UV ON/OFF cycling confirmed reproducible, reversible switching with minimal performance degradation. The combined effects of AZB photo-isomerisation and LC-mediated structural rearrangement within the polymer matrix are proposed to modulate free volume and transport pathways, enhancing CO₂ selectivity under stimulation. These results demonstrate a practical route to fast, reversible, and selective light-responsive gas separation, with implications for smart membrane design in adaptive process systems
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