Handcraft covalent organic nanostructures molecule by molecule and bond by bond
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Nanotechnology is essentially the development of materials and devices with special properties by modulating the composition, size, and structure of matter at the nanoscale (typically 1–100 nm). Ideally, matter at that size can be precisely designed and constructed from the bottom up via assembling and linking molecular building blocks one at a time. There are two prerequisites for the microscopic manipulation of intermolecular reactions: first, to selectively address and move single molecules a ‘finger’ of similar size is required, preferably with only one atom at the ‘fingertip’; second, an atomically flat ‘palm’ is needed to align two molecules in close vicinity for the formation of chemical bonds between them. However, human hands seem too large and clumsy for this task. The invention of the scanning probe microscope (1981) and its widespread application in surface science finally brought a solution to this problem. Although preliminary success has been achieved before under 0D and 1D confined conditions, freely matching and connecting different molecules on a 2D surface remains challenging. In our recent work, we used the tip of a scanning probe microscope and the crystalline sodium chloride surface as the ‘finger’ and the ‘palm’, respectively, to control the activation and movement of individual molecules as well as their combination (coupling reactions) with single-bond precision. This method has enabled homo- and cross-coupling and oligomerization with unprecedented high selectivity (including chemo-, site-, regio-, and 2D stereo-selectivity). By varying the manipulation parameters, more complex linkages than C–C single bonds, such as C–I–C bonds and carbon five-membered rings are accessible. Our method can be widely used to fabricate low-dimensional carbon-based nanostructures and single-molecule devices, to study the relationship between molecular structures and their electronic properties, and to explore the reaction mechanism of intermolecular coupling of reactive chemical entities.
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Figure 1: Schematic of the molecule-by-molecule synthesis approach
based on scanning probe manipulation. Voltage pulses and the resulting
tunneling current are used for triggering the whole reaction processes on
a NaCl surface: Step 1, activation (dehalogenation) of the precursors;
Step 2, lateral transfer of the adsorbed radicals; Step 3, stitching (homo-
/cross-coupling) of the individual building blocks.
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