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Aggregation Behavior of 1-Alkyl-3-methylimidazolium Tetrafluoroborate
lonic Liquids in Aqueous Solutions
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Abstract: The aggregation behavior of 1-alkyl-3-methylimidazolium tetrafluoroborate ([C,mim][BF.]) ionic
liquids in aqueous solutions was investigated by isothermal titration calorimetry (ITC), fluorescence
quenching, and conductivity methods. The critical micelle concentration (cmc), the changes of the
enthalpy (AH..), the Gibbs free energy (AG.:), and the entropy (AS..) for the micelle formation and the
mean aggregation number of the micelles at different concentrations were obtained. We found that
entropy was the principle driving force leading to the micellization of these types of ionic liquids. The
increase in alkyl chain length led to a decrease in AG.., favoring the formation of micelles. Furthermore,
by combining with the aqueous solution data for [C.mim]X (X=CI-, Br), the effect of anions on the
aggregation behavior of the ionic liquids was investigated. The increase in the hydrophobicity and the
volume of the anions favored the formation of micelles when the ionic liquids contained identical cations.
This is believed to result from the decrease in electrostatic repulsion between the head groups in the
micelles because of the relatively strong binding between the anions and the cations. With respect to
[Ciomim][BF.], the addition of B-cyclodextrin (8-CD) caused an increase in its cmc and a decrease in AHn.
and AS..; while the presence of KBF, caused a decrease in cmc and AH..., and an increase in AS,..
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Fig.2 Conductivity curves of the aqueous solutions of [C,mim][BF.]
(a) [Csmim][BF,] (o), [Camim][BF.] (m); (b) [Csmim][BF.] (0), [Ciymim][BF.] (®), [Cmim][BF.] (A)
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Table 1 Parameters obtained from conductivity and ITC methods for the aqueous solutions of ionic liquids
cme/(mol-L™) . o I
IL — AH,;i/(kJ-mol™) AGi/(kJ-mol™) ASyi/(J-mol™-K™) o
conductivity method ITC method

[Cimim][BF.] 9.12x107" 8.29x10~" 0.28 -13.02 44.61 0.67
[Cemim][BF,] 2.82x107" 3.12x107" 0.18 —18.08 61.24 0.55
[Csmim][BF.] 8.70x107 8.60x107 0.05 -26.21 88.07 0.35
[Ciomim][BF.] 2.70x107 2.30%x107 -0.02 -32.78 109.88 0.27
[Comim][BF.] 8.70x10~ 8.30x10~° -0.12 —46.65 156.06 0.24
[C.mim][BFE.J" 9.65%10° 1.00x10~* -0.17 —45.24 151.15 0.27
[C.:mim][BF.]° 5.75x107° 5.40x107° -0.48 —49.26 163.61 0.20
[Csmim]Br 1.49x10™" 1.58x107" 0.08 -2291 77.11 0.39
[Ciymim]Br 4.14x107 4.96x107 -0.09 -32.02 107.09 0.30
[Comim]Br 1.06x107 1.06x107 -0.37 —-46.14 153.51 0.26
[Csmim]Cl 2.97x107" 2.97x107" 2.52 -19.10 72.51 0.64
[Ciomim]Cl 6.50x107 7.10x107 -1.50 -25.24 79.62 0.55

*5x107 mol-L™' B-CD, * 1x10~* mol-L™' KBF,
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Fig.3 (a) ITC heat-flow curve and (b) plot of mole enthalpy change AH.... versus concentration during the titration of the

aqueous solution of [C,;mim][BF.]
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