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The chemical identification of atoms and molecules at surfaces has been pursued from the
invention of both scanning tunnelling microscope and atomic force microscope (AFM). The
intrinsic detection nature of these techniques has hindered, however, most of the efforts, and
chemical recognition of individual atoms in multi-element systems still remains a challenge.

AFM operated in dynamic mode has become a very powerful technique to explore surfaces
at atomic scale [1, 2], allowing one even the manipulation of individual atoms [3, 4] for the
creation of sophisticated nanostructures [5]. In the most refined experimental set-ups,
dynamic force microscopy (DFM) enables as well the precise quantification of the short-range
forces associated with the onset of the chemical bonding between the outermost atom of the
AFM tip and the individual surface atoms [6, 7]. Since the chemical bonding force between
atoms is closely related to their nature, the short-range forces measured with DFM should
contain information about the chemical specificity of the different atoms probed. To extract
this information is, however, a knotty problem, as the measured short-range forces show a
strong variability upon the structure and chemical termination of the AFM tip apex [8].

In this contribution we present a method for the chemical identification of individual
surface atoms based on the precise quantification of short-range chemical interaction forces
with DFM [9]. We will show that even when these forces are tip-dependent, the relative
interaction ratio of the maximum attractive short-range force registered over the different
atoms of a heterogeneous surface for a given tip remains constant almost independently from
the tip-apex structure and chemical termination. Through this property, tabulated relative
interaction ratios can be used as fingerprints for single-atom chemical recognition. We
demonstrate this identification method on a particularly challenging system: an alloy
composed by three atomic species (silicon, tin and lead) with very similar chemical properties
and identical adsorption positions, where any discrimination attempt based solely on
topographic measurements would be impossible to achieve.
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