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Abstract
Despite a solid or a liquid water being a ubiquitous substance, it is surprising that some basic questions are still debated. Here using a 
combination of experimental (cryogenic STM) and theoretical (first-principle electronic structures and molecular dynamics) methods, we 
systematically studied the unusual structure and dynamics of ice surface at atomic scale, and the molecular imagining, clustering and 
proton transfer mechanisms of water on salt. First, an order parameter, which defines the ice surface energy, is identified. We predict that 
the proton order-disorder transition, which occurs in the bulk at ~72 K, will not occur at the surface at any temperature below surface 
melting. In addition, we find that the surface of crystalline ice exhibits a higher than expected concentration of vacancies at the external 
layer that may contribute to the phenomenon of pre-melting and quasi-liquid layer formation. Second, a STM molecular imaging 
mechanism based on a subtle control over the tip-molecule coupling is proposed, which allows a sub-molecular level resolution for water. 
A concerted proton tunneling mechanism is studied within the water tetramer, which is the basic unit to form an extended 2D ice layer by 
bridging water molecules on NaCl (001). These results shed light on our understanding of water at surface and interface.
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