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Innovation in atomic-resolution AFM probes in liquid: An approach based on
molecular precision design and single molecule analysis
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We have synthesized candidate molecules with rigid frameworks for molecular

tips and investigated their coupling reactions for fixing the molecular tips to the AFM tip apex. We
demonstrated that the properties of fluctuation and deformation, which are important for using
rigid skeletons as molecular tips, can be evaluated on a single molecule level using
frequency-modulated AFM and three-dimensional scanning AFM. In the coupling reactions for
immobilization on Si tips apex, cross-coupling reactions of silanol and phosphate groups with Si
surfaces and immobilization of thiol molecules on the deposited Au layer were investigated. In
addition, we demonstrated that rigid molecules could be reproducibly immobilized by cross-coupling
reactions reported in the field of click chemistry, such as the Huisgen cycloaddition, and
visualized by frequency-modulated AFM.
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