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1. Introduction. Ionic liquids (ILs) mixtures and deep eutectic solvents (DES) are the two recently 

emerged alternatives for conventional volatile solvents. [1-2] Both ILs mixture and DES present potential 

in the most diverse areas, ranging from extraction and synthesis to 

electrochemistry and nanotechnology. Although the ILs mixtures, as well as 

DESs, applications develop, the origin of their basic properties are still 

barely understood. The aim of this work is to quantify the evolution of the 

various non-covalent interactions on molecular level in the binary mixtures 

of imidazolium-based ionic liquids with perfluorinated anions, namely, 

hexafluorophosphate (PF6
-), bis(fluorosulfonyl)imide (NTf2

-) and 

tris(pentafluoroethyl)trifluorophosphate (FAP-), and deep eutectic solvents , 

composed by choline chloride (ChCl), and ethylene glycol (EG) and 

propylene glycol (PG) molecules (see Fig.1 for molecule structures of the 

species). For this purpose, by using combined molecular dynamics (MD) 

and density functional theory (DFT) methodology the most important inter-

molecular, inter-ionic and ion-molecular hydrogen bonding interactions 

were analyzed. 

 

2. Computational details. All MD simulations were performed using 

GROMACS 5.0.4 simulation package within the NaRiBaS scripting framework [3]. ILs systems were 

composed by 200 ion pairs; mixetures with mole fractions of 2, 4, 8, 16, 32, 50, 68, 84, 92, 96, and 98 of 

one IL in another were considered. For DES 512 ChCl ion pairs were complemented by 1024, 1536 or 

2048 molecules of either PG or EG, representing 1:2, 1:3 or 1:4 molar ratio. All simulations were carried 

out at 300 K with OPLS-based force fields. 

 

3. Results, Discussion and Conclusions. The inter-particle interactions in all studies systems were 

analyzed in terms of radial distribution functions, coordination numbers, type and number of hydrogen 

bonds, as well as hydrogen-bonds characteristics within the Bader’s quantum theory of atoms in 

moleculres (QTAIM). It was found that the addition of FAP- to a mixture enhances the non-polar domains 

segregations and weakens the hydrogen-bond network. Additionally, it was confirmed that H2-site is the 

most prone to cation-anion interactions, whereas in the binary mixtures of ILs two anions compete for the 

most acidic hydrogen of imidazolium ring. Nonetheless, the most of hydrogen bonds in the studied IL’s 

mixtures are rather weak and can be referred to as “hydrogen-bond-like interactions”. The FAP- anion 

forms notably less hydrogen-bond-like interactions and only in neat IL or in FAP-rich regions of ILs 

mixtures, stabilizing the ion pair mostly electrostatically. For the DES mixtures in was established that the 

ethaline-2 (molar ratio of ChCl and EG is 1:2) does not contain any real hydrogen bonds. Propeline (DES 

based on ChCl and PG), however, presents weak hydrogen-bonding formation between cation and anion 

and medium hydrogen bonds formed between anion and PG molecule 
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Figure 1. Molecular structures of 1-

butyl-3-methylimidazolium, C4mim+, 

tris(pentafluoroethyl)trifluorophosphate, 

FAP–, bis(fluorosulfonyl)imide, NTf2
–, 

hexafluorophosphate, PF6
–, choline, Ch+, 

chloride, Cl–, ethylene glycol, EG, and 

propylene glycol, PG, constituting the 

studied ILs and DESs, respectively. The 

atomic labels of the most important sites 

are also given. 


