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Biological ion channels play a significant role in fundamental physiological functions of living 
organisms, by regulating ion transport under environmental stimuli, such as pH, voltage, and 
concentration gradients. However, it remains a long-standing challenge to fabricate high-
efficiency ion-permselective nanofluidic membranes with high ion flux, efficient ion selectivity, 
and smart ion gating capabilities. 
 
Two-dimensional (2D) covalent organic frameworks (COFs) are a class of crystalline porous 
materials assembled using molecular building units featuring predetermined and atomically 
ordered channel architectures. In regard to nanofluidic ion transport, the modular nature of 
COFs enables the customized construction of ion channels with tunable size and topological 
structure. Their diverse organic units and rich chemistry also allow for the modification of their 
channel surface properties and by extension, their response to external stimuli. Furthermore, the 
oriented 2D COF membranes usually have vertically aligned channel arrays, which is particularly 
attractive for nanofluidic ion transport and osmotic energy conversion. Herein, we report the 
fabrication of large-area, highly crystalline, and oriented 2D COF membranes that achieve 
unprecedentedly massive and vertically-oriented nanofluidic channels, capable of yielding 2-3 
orders of magnitude higher ion currents than those in conventional nanofluidic systems. A 
surface-charge-governed ion conductance is predominantly observed for electrolyte 
concentrations up to 0.01 M, further revealing the great potential of our proposed oriented 2D 
COF membranes as nanofluidic devices. These high ion-flux and smart gating nanofluidic 
features possess significant implications in biomolecule manipulation and energy conversion 
applications. 
 
In conclusion, our proposed oriented 2D COF membranes are prospected to provide with an 
ideal platform to fabricate smart nanofluidic devices for studying the mechanisms underlying 
ion/molecular transport. This work also demonstrates the great potential of ultrathin, oriented 2D 
COF membranes in energy-related applications including osmotic energy harvesting, redox flow 
batteries, electrochemical reactors, and other molecule/ion-selective transport processes such 
as electrodialysis and desalination. 
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