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Ionic liquids (ILs) have attracted considerable interest for secondary batteries' electrolytes owing to their 

unique properties such as low flammability, high thermal and chemical stabilities, wide liquid-temperature 

range, and broad electrochemical window. In a highly concentrated ionic system, such as IL, the 

formation and decay of ion aggregates occur constantly and the correlated motion becomes influential on 

the transport properties. Therefore, a molecular-level understanding of the correlated dynamics of ions in 

IL is essential to drive a rational design toward an effective IL-based electrolyte for a high-performance 

secondary battery. Herein, all-atom analyses are conducted through molecular dynamics simulations to 

bridge the macroscopically observable electrical conductivity with the molecular pictures of the correlated 

motion of ion pairs. Although the Green-Kubo formula is an exact expression to describe electrical 

conductivity in the time domain, the formula does not include any reference to the space domain that 

naturally arises when the concept of ion pair is introduced. In this work, an intuitively appealing picture of 

ion pairs in the space domain is incorporated into the cross-correlation functions between the velocities of 

two distinct ions according to their separation distance by introducing a conditional average. The spatially 

decomposed cross-correlation function then provides a quantitative picture of the strength of the velocity 

correlation of two ions at time t when they are initially separated by a distance r. The analysis is applied to 

ternary mixtures consisting of IL and sodium salt that is relevant to the electrolyte for a sodium-ion 

battery. 
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