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Since their invention three decades ago, scanning probe microscopes (SPM) have played a major role in defining the frontiers of
nanometer scale research in fields as diverse as mechanics, catalysis and energy, among others. In this talk, we will first describe the
state of the art in SPM-based research aimed at the quantification
of atomic-scale chemical interactions on surfaces, by presenting
atomic resolution interaction maps obtained via the method of three-dimensional atomic force microscopy (3D-AFM) on surface-oxidized copper (Cu(100)-O). Important aspects to be discussed include (i) the quantification of differences in interaction forces exhibited
by individual O atoms on the surface as well as (ii) the structural identification of atomic-scale, two-dimensional defects via combined
atomic force microscopy/scanning tunneling microscopy (AFM/STM) imaging. In the second part of the talk, utilizing a large dataset of
STM images obtained at various experimental settings on the same sample system, efforts aimed at uncovering the details of complex
STM contrast formation mechanisms on metal oxides will be presented. Finally, by switching from the length scale of single atoms to
nanoparticles of hundreds of nanometers, the talk will conclude with a summary of recent efforts directed towards the establishment of
fundamental principles in nanometer-scale friction based on AFM-based manipulation of amorphous and crystalline nanoparticles on
graphite substrates.

