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Adhesion between single crystal Si tips and Si(111) substrates was examined using molecular dynamics 

(MD) to model experiments of nanoscale silicon tip-tip contacts using nanoindentation coupled with transmission 

electron microscopy (TEM), where a strong history-dependence of adhesion was observed. In particular, adhesion 

was observed to increase by an average of nearly 20x when sliding occurred, while low adhesion at the level of 

expected van der Waals forces was recovered when contact was made without intentional sliding.  MD simulations of 

contact with and without sliding were performed using Si tip- substrates couples with matching degrees of hydrogen 

termination. Hydrogen was randomly placed on both the tip and the substrates and terminations between 20-100% 

were examined. Tips that were both in registry and out of registry (rotated 90o) with the substrate were examined. The 

simulations were carried out using the ReaxFF potential [1] in the LAMMPS MD code. For both in- and out-of-

registry tips, the pull-off force for contact-only simulations is low for fully H-terminated substrate surfaces (consistent 

with van der Waals interactions), but increases markedly with decreasing hydrogen termination. This is due to the 

formation of covalent bonds between the tip and the substrates that must be broken during pullback. In almost all 

cases, the in-registry tips exhibited larger pull-off forces than out-of-registry tips. This effect has also been observed 

in the adhesion of self-mated diamond surfaces [2]. To more closely model the conditions of the experiments, 

simulations were conducted where the tip was brought into contact with the Si substrate, slid for a fixed distance, and 

pulled back from the substrate.  In general, friction and pull-off force increased when sliding occurred. The increase 

was larger for lower amounts of hydrogen termination. Increased wear of the tip is also directly linked to reduced 

hydrogen termination. These worn tips were also moved to “fresh” areas (with the default level of H-termination) of 

the Si substrate and indentation simulations were repeated. In all cases, the adhesion recovered. This matches the 

experimental results that examined the adhesion of Si tips-tip contacts. The results support the hypothesis that the 

sliding-induced increase in adhesion is due to shear-induced removal of passivating H-species and subsequent Si-Si 

covalent bond formation across the interface, and where the subsequent recovery to low adhesion in the experiments 

is due to repassivation of the surfaces by adsorption of reactive vapor species [3]. This shows how adhesion can be 

dramatically and reversibly altered by controlling the surface termination of the materials in contact as controlled by 

the amount of sliding and the nature of the surrounding environment.  
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