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Abstract: Organic molecular sieve membranes (OMSMs) are emerging as a nexi—generation class of membrane
materials, succeeding traditional polymeric and inorganic molecular sieve membranes. Composed of organic
building blocks or organic—based units (which may incorporate metal nodes), OMSMs integrate rigid, ordered pore
structures with highly customizable chemical environments, enabling precise molecular separation based on size
sieving and chemical specificity. The material families, photo— and electro—assisted fabrication methods, "STEM"
design principles, and advanced separation mechanisms were first summarized. Recent progress in applications
toward dual-carbon goals, new and clean energy, strategic resource extraction, and life health is highlighted.
Finally, the opportunities and challenges of OMSMs are analyzed, and future directions, including artificial

intelligence—assisted design, dynamic intelligent regulation, and programmable transport, are discussed.
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Fig. 1 Material families of organic molecular sieve membranes: (a) polymers of intrinsic microporosity, PIM=1%"; (b) metal—organic
framework, ZIF-8"; (c) hydrogen—bonded organic framework, HOF-1%"; (d) covalent organic framework, COF-LZU1""; (e) conjugated

polymer framework, TPC—CPF™"; (f) porous aromatic framework, PAF—1"%; and (g) porous organic cage, CC3%"
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Fig. 2 (a) Schematic illustration of the electrochemical polymerization process for the fabrication of an ultrathin TpPa COF membrane;

(b) the “self-healing” and “self-inhibiting” effects"
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Fig. 3 (a) Comparison between the fabrication of ZIF-8 membranes by electrochemical interfacial polymerization and the

conventional solvothermal method: in the solvothermal method, zinc ions and ligands assemble into the ZIF-8_I phase, whereas the in
situ electric field induces lattice distortion, leading to the formation of the rigid ZIF-8_Cm phase; (b) SEM images showing the
formation process of the ZIF—8 membrane; (c) comparison of the separation performance of the ZIF-8_I and ZIF-8_Cm phases for CsH

/CsHs separation'™!
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Fig. 4 Schematic illustration of the electropolymerization process for the fabrication of CMP membranes and the cross—sectional SEM
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polymerization method; (b) electric—field regulation of the orientation of COF membranes; (c) crystalline domain area and pore density
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Fig. 6 (a) Schematic illustration of the COF membrane fabrication via electric—field deposition'”; (b) Illustration of MOF-COF

“alloy” membranes fabrication using the electro—driven co—deposition process'®
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Fig. 13 (a) All-rigid covalent framework membranes as separators for aqueous redox flow batteries; (b) schematic illustration of ion

transport promoted by an anti—swelling three—dimensional framework; (c) simulated free—energy profile for K* transport through the

SCTF-BP membrane; (d) comparison of redox flow battery performance "
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