
Tuning friction at the nanoscale

[bookmark: _GoBack]Achievement: Computer simulations identify a unique three-atom thick single-layer sheet of ZnSe with a large enhancement of the electronic band gap.

Significance and Impact: Friction is controlled on surfaces by electrically-induced condensation of a lubricant from air. This finding can have a significant technological impact by allowing decreasing or increasing nanoscale friction at will and thus controlling mechanical energy losses and wear.

Research Details:
· Demonstrated a new physical effect using  scanning probes; observation and control of even such sublime phenomena as friction
· Friction can be increased or decreased by tuning the relative humidity or the strength of the electric field 
· No electrical current is required to tune friction, which means no electrical power consumption.

Sponsor/Facility: Work was performed at CNMS 
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Team: Evgheni Strelcov, Rajeev Kumar, Vera Bocharova, Bobby G. Sumpter, Alexander Tselev, and Sergei V. Kalinin

Publication: “Nanoscale Lubrication of Ionic Surfaces Controlled via Strong Electric Field”, Evgheni Strelcov, Rajeev Kumar, Vera Bocharova, Bobby G. Sumpter, Alexander Tselev, Sergei V. Kalinin, Scientific Reports 5, 8049  (2015). DOI: 10.1038/srep08049Schematic diagram showing how electricity and water from air can be used to control friction levels on ionic surfaces. As water forms around the nanoscale electrode (A,B), it allows for further penetration into the sample surface (C), thereby increasing or decreasing friction. Also this approach can enable precise patterning of the surface (E) 


Overview: This work demonstrates a way of controlling friction on ionic surfaces at the nanoscale by using electrical stimulation and ambient water vapor. Frictional forces arise whenever objects around us are set in motion. Controlling them in a rational manner means gaining leverage over mechanical energy losses and wear. This paper presents a way of manipulating nanoscale friction by means of in situ lubrication and interfacial electrochemistry. Water lubricant is directionally condensed from the vapor phase at a moving metal-ionic crystal interface by a strong confined electric field, thereby allowing friction to be tuned up or down via an applied bias. The electric potential polarity and ionic solid solubility are shown to strongly influence friction between the atomic force microscope (AFM) tip and salt surface. An increase in friction is associated with the AFM tip digging into the surface, whereas reducing friction does not influence its topography. No current flows during friction variation, which excludes Joule heating and associated electrical energy losses. The demonstrated novel effect can be of significant technological importance for controlling friction in nano- and micro-electromechanical systems. 
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