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Although the scanning tunneling microscope (STM) is a powerful tool for fabricating controlled 
structures at the nanometer scale, the physical mechanisms occurring during the adsorbates 
manipulation are still not very well understood in many situations. A theoretical study addressing  
the influence of the electric field can improve our understanding of the nature of this phenomenon. 
Therefore, the main objective of our work is to rationalize the electric field effect and its 
consequence on the dynamics of atomic and molecular adsorbates. Density Functional Theory 
(DFT) based calculations are used to develop an atomic level treatment of surface-adsorbate 
interactions in the presence of an external electric field between the tip apex and the substrate. 
More precisely, we tackle the adsorption of a Xe atom and a CO molecule on the Au(111) surface 
under an external electric field. It is shown that the electric field can significantly increase the 
adsorption energy and the charge transfer of this system. Careful attention was devoted to the 
adsorption energy in presence of the Au-tip apex. Realistic geometries are built for the entire STM 
setup by simulating explicitly in a single calculation cell, the metallic substrate, which is modeled 
by a periodic slab, and the adsorbed species with a special care for the inclusion of van der Waals 
interactions to obtain reliable adsorption sites and correct adsorption heights, also interacting with 
an explicit model of the tip represented as a pyramidal Au cluster (Figure1).  

 

Figure1: Calculated adsorption configurations of Xe atom and CO molecule on the Au(111) 
surface without and with a STM-tip. 


