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Abstract
[bookmark: _GoBack]We study low temperature on-surface species which come in form of reactive molecular oxygen species (ROS: O22-, O2-, OH), or oxygen single-atom quantum dots (SaQD: Oad2-, Oad-, Oad0) in ultra-high vacuum on semiconducting rutile TiO2(110)1×1 surface [1]. We show that the redox states of ROSs and SaQD can be manipulated by Kelvin Probe Force Spectroscopy and imaged by Atomic Force Microscopy. Rates of these electron tunneling processes are measured by a novel ultra-fast technique we developed [1]. 
Two very different applications of redox-state driven processes/devices will be demonstrated: 
1. Redox state driven reversible on-surface chemical reactions, such as 2 O 2-  O 2- [2].
2. Ultra-fast redox state driven reversible oxygen adatom conductance switch [3]. 
Unlike in the much more studied molecular switches, in atomic switches the non-conductingconducting transition is induced by redox state transition which only involves electronic, as opposed to atomic processes in molecular switches. All underlying models are supported by advanced density functional theory calculations.
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