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This study established a novel fabrication strategy for MOF membranes based on an
amorphous precursor, utilizing vapor-induced crystallization to form continuous membranes.
Unlike conventional approaches that rely on crystal secondary growth, this method enables
crystallization to proceed from a homogeneous amorphous phase, resulting in a dense
membrane structure with suppressed intercrystalline defects. Notably, the resulting membranes
exhibit domain sizes that are orders of magnitude larger than those of conventional MOF
membranes, leading to a transition from grain-boundary-dominated transport to domain-
dominated transport. This unique structural feature gives rise to pronounced molecular sieving
properties. Furthermore, membrane thickness and crystallinity can be readily tuned by adjusting
fabrication conditions, providing high flexibility in designing separation performance. This
work presents a new design paradigm for MOF membranes based on amorphous precursors and
offers a promising platform for the development of high-performance separation membranes.
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Fig. 1 Synthesis of amorphous Zn-Hmim solution using different solvent amounts (Zn : Hmim :
solvent = 0.25 : 0.5 : X mmol).
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Fig. 2 (a) XRD patterns of amp-Zn—Hmim membranes before and after exposure to 1-butanol vapor
for 2, 4 and 12 h. (b) X-ray pair diffraction function spectra. Comparison of G(r) profiles for ZIF-8
and amp-Zn—Hmim. (c) Schematic illustration of preferentially oriented (222) planes with normals
aligned along the membrane thickness direction.
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Flg 3 (a) Photographs of the amp-Zn—-Hmim-coated AAO substrate and the membranes after 1-butanol
vapor treatment for 2 and 4 h. (b)—(f) FESM images of the amp-Zn—-Hmim-coated AAO substrate (b) and
(c) and the membrane after 2 h of 1-butanol vapor treatment (d)—(f): surface views (b), (d) and (f) and
cross-sectional views (c) and (e). (g) Enlarged view of (e) with color-coded domains. Scale bar: 5 pm.
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Fig. 4 Single gas permeance of the amp-Zn—Hmim membrane (0 h) and the
membranes after 1-butanol vapor treatment for 2 and 4 h.
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