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The interpretation of AFM images is a complex task [3] and the advantages of the method 
cannot be exploited without cross-pollination between theory and experiment.  Here we 
present the results of theoretical modeling, spurred on be recent experimental data, which 
demonstrate that NC-AFM imaging can be used for identifying the chemical nature of surface 
defects and observation and manipulation of photo-induced surface processes.  

 
Exciting as the opportunity to observe surface chemistry directly is, the possibility also 

exists to manipulate it using NC-AFM in combination with selective photo-excitation of low-
coordinated surface sites. Our understanding of the surface physics of MgO allows us to 
present a proof of principle of the use of AFM in this way. Recent experiments [5] 
demonstrate that atomic resolution can be achieved with NC-AFM on the MgO (100) surface 
prepared by sputtering-annealing cycles. The images contain point defects, which can be 
attributed to Ca ions segregating at the surface as the result of high-temperature anneal.  This 
provides a distinct possibility for tip calibration: The observation of  Ca ions as bright spots in 
images identifies the tip as having negative polarity. Step edges and corners can also be 
observed in these images. Previously, we have demonstrated [6] that step edges and corners 
can be selectively excited and ionized using 5.4 eV and 4.6 eV photons, respectively. 
Ionization of oxygen corners at the MgO surface is accompanied by formation of localized O- 
species clearly detectable using EPR [6].  Our theoretical calculations demonstrate that the 
ionization energy of oxygen corners can be strongly affected by the proximity of an AFM 
oxide tip: In particular, a negative polarity tip at 4 Å from the corner can reduce the corner 
ionization energy by as much as 1 eV. This finding opens an opportunity for selectively 
ionizing only those step corners which are affected by interaction with the tip.  Since O- 
species are stable at corners, this photo-induced reaction should be directly observed as a 
change in the NC-AFM image. Our calculations predict the change in contrast at the oxygen 
corner due to formation of O- species, which can be used for their identification.  O- species 
are chemically very active and it should be possible to image their reactions with other 
species directly using NC-AFM.  In particular, the homolytic dissociation of H2 molecules at 
O- corners has been demonstrated experimentally.  Our calculations predict the change in 
image contrast due to formation of OH- species at the corner.  These results demonstrate that 
specific sites on the crystal surface can be identified and their chemical environment changed 
with NC-AFM, allowing their manipulation at an atomic level. 
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