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1-alkyl-3-methylimidazolium based ionic liquids (ILs) are widely investigated systems that are characterized by such
peculiar properties as wide electrochemical potential window, amphiphilic character of cation [1] etc. These properties
might be explained by developing understanding of intermolecular structure in ILs. In recent years a few related discover-
ies were made, including observation of nanoconfined water pockets in 1-butyl-3-methylimidazolium nitrate (Fig. 1) and
other ILs mixtures with water. Water pockets were characterized using small angle X-ray scattering (SAXS) and neutron
scattering (SANS) [2], nuclear magnetic resonance (NMR) techniques [3] although a few later published works [4, 5] ques-
tion the formation of such structures – e.g., molecular dynamics (MD) modelling only predicts formation of water pockets
in hydrophobic ILs, but not in hydrophilic ones [6]. MD modelling is an applicable method for structural investigation of
ILs, but it is needed to carefully consider features like slow dynamics of ILs and the choice of suitable force field.

Fig. 1. [C4mim+][NO3
– ] structure with added explicit imidazole ring hydrogens, denoted H2, H4 and H5.

The objective of this study: extracting information about intermolecular structure in pure 1-butyl-3-methylimidazolium
nitrate [C4mim+][NO3

– ] and in its mixtures with water by performing MD simulations using two different force fields:
one published by J. N. Canongia Lopes et al. [7] and one published by O. Acevedo et al. [8] Results of MD simulations
may provide us information about important structural changes that happen when water molar fraction is increasing and
how these changes are related with possible formation of water pockets.

MD simulations were performed using Amber package for four ensembles with water molar fractions 0% (pure IL),
20%, 50% and 80%. Pure IL was investigated at four different temperatures (313 K, 323 K, 333 K and 343 K) whereas
mixtures were only simulated at 343 K temperature. Densities of pure IL were calculated and its relationship with temper-
ature was compared with experimentally determined values and used to decide which of the two used force fields is more
suitable for further analysis. Intermolecular structure was investigated by calculating radial distribution functions (RDFs)
and coordination numbers of nitrate ions and water molecules around imidazole hydrogen atoms H2, H4 and H5 (see Fig.
1). Besides that, NO3

– and H2O orientation around imidazole ring was analyzed using intermolecular distance-angle plots.
It was shown that force field published by O. Acevedo et al. is preferable for intermolecular structure investigation

using density calculations. RDFs were used to deduce that both NO3
– and H2O coordinate around all imidazole ring

hydrogen atoms: NO3
– coordination number was highest at H2 position, H2O – at H4 position when water molar fraction

is 80%. Several noticeable structural changes were observed by analyzing distance-angle relationships: both NO3
– and

H2O are more likely to be positioned above or below imidazole ring and less likely to be positioned in the imidazole ring
plane between H4 and H5 atoms when water molar fraction increases. Also, orientational distribution of water molecules
becomes more homogeneous at small distances when water molar fraction is higher.

These conclusions may be valuable for questioning the existence of water pockets and might be supported by our
future studies, including theoretical 1H BMR chemical shifts calculations and water cluster analysis.
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