Mechanical atom manipulation using atomic force microscopy at room temperature
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The manipulation of individual atoms and molecules at surfaces is of great importance for future
nanoscale devices, as well as for the investigation of fundamental physical and chemical phenomena
occurring at the atomic scale. The ability to construct multifunctional nanostructures with desired
properties on the atomic scale has important consequences for a number of important applications,
including catalysis, quantum computing devices, and functional nanomaterials. The formation of such
specially designed nanostructures has been demonstrated utilizing the atomic manipulation capability of
scanning tunneling microscopy (STM) at cryogenic temperatures [1, 2]. It has been shown that fine
control of the tip target atom interaction force is required for delicate positioning of individual atoms to a
specified location in STM manipulation [3]. The interaction force in a STM experiment can be estimated
indirectly by the tunneling conductance. On the other hand, the invention of atomic force microscopy
(AFM) has extended the unique capability for atom manipulation on surfaces that are inaccessible to
STM [4], and more importantly, provides an opportunity to directly measure the forces [5] involved in the
atom manipulation process [6-8].

Here, we present an investigation of the effect of the tip on lateral manipulation using AFM at room
temperature. The atom hopping probabilities associated with different manipulation processes as a
function of the tip-surface distance are investigated by means of constant height scans with various tips,
the interaction of which with surface atoms are evaluated by force spectroscopic measurements. We
demonstrate that the efficiency for manipulation is extremely dependent on the nature of the tip-apex
chemical properties.
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