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Organic 2D crystals with extended in-plane conjugation and strong interlayer coupling have emerged
as a distinctive class of layered materials characterized by unique electronic structures and exotic
physicochemical phenomena, with significant application potential. A widely employed approach for
synthetic access to these precision materials is bottom-up synthesis. This encompasses the creation of
single-layer to few-layer 2D polymers/supramolecular polymers, 2D conjugated polymers or covalent-
organic frameworks, and 2D conjugated metal-organic frameworks. A key chemical challenge is to
achieve controlled 2D polymerization in two distinctive directions under thermodynamic/kinetic
control in solution, in the solid state, or at the surface/interface. In the first part of my talk, | will
present novel 2D polymerization methods together with design strategies aimed at achieving efficient
2D conjugation in specific 2D conjugated polymers, such as 2D poly(arylenevinylene)s and 2D
poly(benzimidazobenzophenanthroline)-ladder-type structures. These 2D conjugated polymers
provide a material platform for realizing high intrinsic carrier mobilities, which is crucial for future
organic opto-electronics and spintronics. In the next part, | will present our recent progress in 2D
conjugated metal-organic framework materials, highlighting their applications in MOFtronics and
beyond. In the following part, | will discuss on-water surface chemistry as a potent synthetic platform
for organic 2D crystals and their van der Waals heterostructures, leveraging water-surface
confinement and enhanced chemical reactivity and selectivity. A major focus will be on the surfactant-
monolayer-assisted interfacial synthesis (SMAIS) method, which is now known for its high efficiency in
the programmable arrangement of precursor monomers on the water surface and subsequent
controlled 1D/2D polymerization. The distinct 2D crystal structures that offer tailorable conjugated
building blocks and conjugation lengths, tunable pore sizes and thicknesses, and remarkable electronic
structures, make these materials highly promising for various applications in electronics,
optoelectronics, and spintronics. Other physicochemical phenomena and application potential of
organic 2D crystals, such as in membranes and emergent energy devices, will also be discussed.



