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Ionic liquids (ILs) are salts which are liquid at below 100 ºC and have interesting properties 

such as negligible vapour pressure. Despite the widespread applications of ILs in various areas, 

mechanisms of their physical and chemical properties are quite often not well known. To understand 

the properties of ILs, molecular simulations with molecular mechanics (MM) and quantum 

mechanics (QM) methods have been performed. Molecular dynamics (MD) simulation studies of ILs 

have demonstrated that the polarization effect is important to correctly describe the dynamical 

properties, e.g. the self-diffusion coefficients, of these systems [1]. Generally fixed atomic charges 

are used in MM calculations, and the polarization effect is often taken into account by adding a 

polarization term with fixed atomic charges. The molecular polarization in reality however results 

from the distortion of the electron density in the molecule depending on its chemical environments.  

Recently, we have applied the charge equilibration (QEq) method [2] to the guanidinium-based 

ionic liquid systems in order to include 

the polarization effect in MM 

calculations [3]. The QEq method is a 

method which treats the atomic charge 

variation though the equilibration of 

electronegativity at atomic sites. The 

QEq parameters for methyl substituted 

guanidinium chlorides were optimized to 

represent the atomic charges by QM 

calculations with six atom types for H, C, 

N and Cl atoms (Fig. 1). The results of 

QEq calculations were compared to those 

of QM calculations as well as those of 

fixed charge MM calculations. 
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Fig. 1. Comparison of atomic charges by the QEq method and 
QM method (B3LYP/6-31++G**; natural charge) for m-methyl 
(m=0-6) substituted guanidinium chlorides. Data include for H, 
C, O and Cl atoms; (×) using original QEq parameter [2] and (●) 
using optimized QEq parameter. 
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