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Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and 
tables for better explanation. 
1. 試料 Name of sample(s) and chemical formula, or compositions including physical form. 

1-octyl-3-methylimidazolium tetrafluoroborate - water mixture, (C12H23N2BF4)(1-x)(H2O)x, x = 0, 0.15, 0.3, 

0.5, 1 

1-octyl-3-methylimidazolium tetrafluoroborate – heavy water mixture, (C12H23N2BF4)(1-x)(D2O)x, x = 0.15, 

0.3, 0.5, 1 

1-octyl-3-methylimidazolium chloride - water mixture, (C12H23N2Cl)(1-x)(H2O)x, x = 0, 0.5 

1-octyl-3-methylimidazolium chloride – heavy water mixture, (C12H23N2Cl)(1-x)(D2O)x, x = 0.5 

 

 

 

 

 

 

2. 実験方法及び結果 （実験がうまくいかなかった場合、その理由を記述してください。） 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

 

Ionic liquids (ILs) are the focus of great interest due to their novelty, interesting properties and 
tuning possibilities. For application purposes, as well as for environmental reasons, it is of the 
utmost importance to understand how the structure and dynamics of ILs change when water is 
added to them, breaking the original ion network. Several studies have already been devoted to 
this question and they show some interesting features, as well as some puzzling issues. For 
example:  

- It has been shown that water molecules absorbed from the air are present mostly in the non 
self-associated state, bound via H-bonding with anions forming complex: anion–HOH–anion. 



Very small amounts of water have a dramatic effect on the rate of diffusion and it has been 
proposed that “wet” ILs may not be considered as homogeneous solvents but as 
“nanostructured” materials, through hydrogen bond interactions that can possess in some 
cases polar and nonpolar regions [1]. Also at those very low hydrations, a change in hydration 
regime has been proposed based on viscosity measurements [2]. 

- When larger quantities of water are added spontaneous self-organization is observed, at least 
in the case of long chain ILs. It has been even proposed the existence of regions of confined 
water and eventually of gelation [3]. 

- MD simulations on long chain ILs also indicate that the cations self-assemble to form 
aggregates with the alkyl tails buried inside. These simulations  indicate that the cation 
diffusion decreases with increasing chain length and particularly that there is a dramatic 
change in the case of aqueous [C16mim][Br] due to the presence of larger aggregates [4]. 
Concerning the role of water, other simulation studies indicate that the most ordered 
nanostructure forms when the H-bonding ability of the anions is saturated by the water (at a 
water fraction of about 80%) [5].   

- Other recent MD investigations comparing ILs with alkyl side chains of different lengths (4 vs 
8 C atoms) confirm that increasing the length changes significantly the cation aggregation 
behavior. In the same work it is found that replacing the BF4

− anion by Cl− slows both the 
diffusion of cations and water molecules. They also conclude that water molecules are less 
likely to form clusters in C8mimCl water mixtures than in C8mimBF4 water mixtures.  
Furthermore the interaction with water is greater for C4mim than for C8mim, causing a slower 
rotation of water [6]. 

- Changes in the activation energy for the rotational motion of water have also been observed 
by NMR [7] 

- Finally MD studies on hydrophobic ILs (C4mimPF6 and C8mimPF6) found that in the water rich 
region the diffusion of the water and the anion is larger in the IL with the longer chain [8], in 
contrast with the behavior found in [6] for C4mimBF4 and C8mimBF4 water mixtures.  

As it can be appreciated most of the information concerning the behavior of IL-water mixtures 
comes from computer simulations. While they can provide a very detailed picture of both the 
structure and dynamics of such mixtures, the potentials employed and their results need to be 
validated experimentally. In this contest QENS provides an invaluable tool to determine the 
microscopic details of the diffusion mechanisms and compare them to the simulation results. 

We have already started to explore in detail the structure of such mixtures using three 
prototypical ILs: C4mimBF4, C8mimBF4and C8mimCl. However, only QENS can provide the 
information needed to understand the microscopic mechanisms related to the long-range diffusion 
of the IL or the water, as well as those concerning local motions such as the rotation of the water 
molecules or the constrained motion of the alkyl chains. Our previous work on C2mimBr serves as 
an example of the power of combining QENS and MD simulations [9]. 



We have measured propose two different systems: C8mimBF4 and C8mimCl and their solutions 
with H2O and D2O. By comparing solutions with H2O and D2O at the same composition we plan to 
separate the dynamics of the ionic liquid and water molecules. All samples except pure water were 
run with and without the pulse-shaping chopper to sort out the several processes involved.  One 
composition was run at 5 temperatures over the range 270 - 315 K to determine the activation 
energies of the different processes. Immediately apparent is a significant speeding up of the 
translational diffusion and a slight increase in the rate of the local modes with the addition of 
water. Analysis is in progress to determine the detailed dynamics. 

 

 [1] Luczak et al., Colloids Surf. A 329, 125-133 (2008). 

[2] Rawat and Bohidar, J. Molec. Liquids 169, 136-143 (2012). 

[3] Firestone et al., Langmuir 18, 7258-7260 (2002). 

[4] Bhargava and Klein, J. Phys. Chem. B 113, 9499-9505 (2009). 

[5] Jiang, Wang, and Voth, J. Phys. Chem. B 111, 48112-4818 (2007). 

[6] Feng and Voth, Fluid Phase Equilibria 294, 148-156 (2010). 

[7] Takamuku et al., J. Phys. Chem. B 113, 10817-10824 (2009). 

[8] Chaumont et al., J. Phys. Chem. B 109, 18964-18973 (2005). 

[9] Aoun et al., J. Phys. Chem. Letters 1, 2503-2507 (2010). 

 

Experiment team; 

Marie-Louise Saboungi 
IMPMC, Université Pierre et Marie Curie, CNRS-UMR 7590, 75005 Paris and  

Universite d’Orleans, 45071, Orleans, France 

David L. Price 
CNRS-CEMHTI, 45071 Orléans Cedex 2, France 

Osamu Yamamuro and Maiko Kofu  
Institute for Solid State Physics, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa,  

Chiba 277-8581, Japan 

Kentaro Suzuya, Kaoru Shibata and Takeshi Yamada  

MLF, J-PARC, 2-4 Shirane Shirakata, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan  

 

 

 

 


