Nanoporous Crystalline Porous Polymeric Films: Tuning Multiscale Porosity for Advanced Environmental, Optoelectronic, and Optical Applications.
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Nanoporous crystalline (NC) polymers based on poly(2,6-dimethyl-1,4-phenylene) oxide (PPO) and syndiotactic polystyrene (sPS) represent an exception within the field of polymeric materials.
This work focuses on processing strategies, specifically on the utilization of guest-induced crystallization, to fabricate polymeric samples in different morphologies, which simultaneously exhibit a tunable macroporosity within the amorphous phase alongside the intrinsic microporosity of the nanoporous crystalline phase. This multiscale porosity approach produces, for example, highly flexible and transparent films with unprecedentedly high surface areas, from 45 to over 600 m² g⁻¹, drastically enhancing their mass transport kinetics [1] and yielding films with a precise and low refractive index in the visible spectral range, suitable for optical devices [2].
These exceptional physical properties and unique mass transport behaviors unlock several advanced functional applications. The extraordinarily fast uptake of volatile organic compounds (VOCs) makes these high surface area films ideal for organic pollutant remediation, molecular separations, and responsive chemical sensors [1]. 
Furthermore, their tunable optical properties allow them to serve as lightweight, low refractive index insulators for flexible optical and optoelectronic devices [2]. 
Finally, the nanoporous crystalline frameworks act as molecular scale templates that isolate and align photoactive guests, such as coumarin derivatives [3-5]. By preventing chromophore self-aggregation and subsequent luminescence quenching, these materials pave the way for highly efficient solid-state photodimerization reactors [3], smart optical brighteners [4] and stimuli responsive luminescent sensors [5].
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