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Enriching and quantifying porous single layer 2D polymers
by exfoliation of chemically modified van der Waals crystals
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Porous 2D polymer sheetsM with six positively charged pyrylium groups at each pore edge in a
stacked single crystal can be transformed into sheets of a 2D polymer with six neutral pyridine units
per pore by exposure to gaseous ammonia. This reaction converts approximately 1’400’000 pyrylium
ions per sheet um? into the corresponding pyridines and is amongst the most complex post-
polymerizations with molecular definition. Liquid exfoliation based on ultrasonic treatment of the
product in the aqueous surfactant sodium cholate followed by an ultracentrifugation cascade?
provides mg fractions with up to 29% of monolayers of this novel 2D polymer with an average length
of ~130 nm. By the application of secondary cascades, this content can be increased further to 33%
with a length of ~140 nm. This the first time the amount of monolayers of an exfoliated 2D material
has been quantified and shown to be equally efficient as graphite exfoliation. The solution
processability allows to cast thin films, making the material potentially accessible as separation
membrane. We expect that recent advances in exfoliation of graphite or inorganic crystals (e.g.
scale-up, printing etc.) can be directly applied not only to this 2D polymer, but also to other organic
sheet stacks such as covalent organic frameworks.
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Figure 1: Simplified illustration of the synthesis and liquid-phase exfoliation of the porous 2D-Polymer



