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Wear of sliding contacts leads to energy dissipation and device failure, with massive economic and 

environmental costs [1]. However, wear phenomena are typically described empirically, since physical 

and chemical interactions at sliding interfaces are not fully understood at any length-scale. Fundamental 

insights from individual nanoscale contacts are crucial for understanding wear at larger length-scales 

[2], and for enabling reliable nanoscale devices, manufacturing, and microscopy. Observed nanoscale 

wear mechanisms include fracture [3] and plastic deformation [4], but recent experiments [5-7] and 

simluations [8] propose another mechanism: wear via atom-by-atom removal (“atomic attrition”) 

modeled using stress-assisted chemical reaction kinetics. Experimental evidence for this has so far been 

inferential. 
 

Here we quantitatively measure wear of silicon, a material relevant to small-scale devices, using a 

nanoindentor (Hysitron, Inc.) operated in situ inside a transmission electron microscopy (TEM) [9] 

(Figure 1). We resolve worn volumes as small as 25±5 nm
3
, a factor of 10

3
 lower than alternative 

techniques [10, 11]. Wear of silicon against diamond is consistent with atomic attrition, and inconsistent 

with fracture or plastic deformation, which we explicitly rule out by direct imaging. The rate of atom 

removal depends exponentially on stress in the contact, as predicted by chemical rate kinetics [12]. 

Measured activation parameters are consistent with an atom-by-atom process [13]. These results 

establish atomic attrition as the primary wear mechanism of silicon at low loads through direct 

observation [14]. 
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Figure 1. TEM image of a single crystal silicon AFM probe, before and after sliding 600 nm against a 

diamond surface in the TEM. In both images, the dotted line indicates the profile of the tip prior to 

sliding. Thus, the amount of material eroded during the experiment can be identified in the lower image. 
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