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Ionic liquids (IL) are substances composed of organic molecular cations and organic or inorganic anions with high 

chemical, electrochemical and thermal stability [1]. With the development of "green" chemistry, ionic liquids are 

becoming very attractive for a variety of applications, but their high viscosity is a barrier to wider use. One of the 

easiest ways to reduce IL viscosity is to dilute it with water [2]. The prospect of modulating the properties of such a 

sustainable solvent simply by changing the proportion of water in the solvent has received considerable attention [3]. 

Therefore, it is important to gain an understanding of the effect of water on the properties of the aqueous IL mixtures at 

the molecular level. Experimental NMR measurements spectra could potentially reveal important information 

concerning the intermolecular structure of these systems. It has been recently observed that the 1H NMR chemical shift 

of water molecules in the aqueous mixtures of imidazolium ionic liquids is strongly dependent on the composition of 

the mixture [4]. In particular, the 1H NMR chemical shift of water was seen to decrease monotonically with the 

increasing molar fraction of the 1-butyl-3-methyl-imidazolium tetrafluoroborate ([C4mim][BF4]) IL. These observations 

are qualitatively different as compared to the imidazolium IL containing hydrophilic anions where non-monotonic 

dependence of the 1H NMR chemical shift of water was recorded [4-5]. This study aims to model the most important 

peculiarities of the intermolecular structure of the [C4mim][BF4] IL and its aqueous mixtures using molecular dynamics 

simulations and QM/MM calculations of the NMR parameters.  

In this work, MD simulations were performed for the following systems of IL and its mixtures with water: 1) pure 

ionic liquid: 500 ion pairs; 2) IL-water: 4:1 molar ratio (500 ion pairs, 125 water molecules); 3) IL-water: 1:1 molar 

ratio (500 ion pairs, 500 water molecules); 4) IL-water: 1:4 molar ratio (500 ion pairs, 2500 water molecules). The 

systems were first equilibrated in the isothermal-isobaric (NPT) ensemble, and the production run was performed in the 

canonical ensemble (NVT) simulations for all simulated systems. 

Based on the MD simulations performed in the NPT ensembles, the modeled dependence of the density on the 

composition of the aqueous mixtures of [C4mim][BF4] IL was predicted which was found to be in very good qualitative 

and reasonable quantitative agreement with the corresponding experimental data. It was found that – as the molar 

fraction of water in the mixture increases – water tends to coordinate the [BF4]- anion rather than the [C4mim]+ cation. A 

significant effect of water on the coordination pattern of the [C4mim]+ cation was only observed when the molar 

fraction of the IL in the mixture decreases to 0.20. Prolific formation of hydrogen bonds between water molecules is 

also observed, even when the molar fraction of water is as low as 0.20. The intermolecular structure of the 

[C4mim][BF4]/water mixtures is thus considerably different as compared to that of the imidazolium IL with hydrophilic 

anions where water-anionic aggregates prevail [5]. Interestingly, the local distribution of anions around the ring of the 

imidazolium cations was found to be virtually unaffected by the water molecules, and more pronounced changes were 

seen only when the molar fraction of the IL in the mixture decreases to 0.20. Based on these results, we can conclude 

that the intermolecular structure of the [C4mim][BF4] IL is quite stable and resistant to the effects caused by dilution 

with water. This leads to the conclusion that it is possible to reduce the viscosity of this IL considerably while 

maintaining the properties of "pure" IL well enough. The results of the modeling of NMR parameters are underway and 

they will be presented in the poster session of the conference. 
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