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Using Lithium as metal anodes is crucial for developing the next-generation of high energy 
density batteries.  However, the high reactivity of Li metal electrodes creates a series of issues 
that keep them away from practical applications. Electrons are supposed to always travel 
through external circuits in batteries, however, electron transfer to the electrolyte is the main 
reason for the formation of a solid-electrolyte interphase (SEI) film, that starts at open circuit 
conditions. Multicomponent SEI films may have good or not that good passivation properties 
and a wide range of morphologies depending on the electrolyte. During plating and stripping at 
the Li metal anode, these events compete with electrolyte decomposition and SEI formation. 
Thus, at fixed current rate, phenomena such as cation diffusion and desolvation depend 
strongly on the type of electrolyte and on the stage of formation/consolidation/rupture of the SEI.  
Here we use first-principles computational tools to analyze the competition between cation 
electrodeposition and cation solvation-desolvation-decomposition events at Li metal/electrolyte 
interfaces. We characterize free energy pathways of the cation in various environments and the 
influence of electrolyte composition and electrochemical stability, and surface structure. We 
evaluate variables such as the chemistry of the solvent and anion, salt concentration, and 
presence of additives and their role on facilitating/impeding ion and electron transport at or near 
the electrode/electrolyte interface. 
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