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Abstract Frequency-modulation atomic force microscopy (FM-AFM) provides a 
promising tool to observe the solid topography and also structured liquid at liquid-solid 
interfaces. The cantilever with a tip is mechanically oscillated. Force pushing or pulling the 
tip shifts the resonance frequency of the oscillation. Microscopes with force sensitivity of 10 
pN or better in liquids have been developed and commercialized to date. Two-dimensional 
force distribution observed on water-calcite is interpreted with Gibbs free energy distribution 
perturbed by the calcite surface.   
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Fig. 1. Interfacial liquids. Illustrations of layered liquid on (a) flat and (b) corrugated solids. Expected local 
density of the liquid is presented in a gray scale. Dark (bright) color represents large (small) density. A 
two-dimensional distribution of force applied on a AFM tip was observed on a tetradecane-graphite interface and 
shown in (c). Large (small) repulsive force is presented in bright (dark) color. 
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Fig. 2. Calcite (104) surface immersed in an aqueous KCl solution. (a) Topography of crystallographic terraces 
and steps. (b) Atomic-scale topography on a terrace. (c) Cations and anions on the (104) surface. Small gray 
sphere: Ca2+, black sphere coordinated by white spheres: CO32-. (d) and (e) Two-dimensional distribution of 
force applied on a AFM tip scanning along plane perpendicular to the [4-2-1] and [010] directions. (f) A bird's 
view presentation of the force distribution of (d).  
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