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Measurement of Hansen Solubility Parameter of Ionic Liquids

Daiki Tsutsumi, Yusuke Agata, and Yamamoto Hideki

Kansai University, Faculty of Environmental and Urban Engineering,
Department of Chemical, Energy and Environmental Engineering

(Received Oct. 13, 2021; Accepted Dec. 14, 2021)

The Hansen solubility parameters (HSPs) of some ionic liquids with different combinations of cations and anions were measured
and calculated. The Hansen solubility sphere method was used to calculate the HSPs of ionic liquids from experimental data on the
solubility evaluation of the ionic liquids in some organic solvents. It was found that the double-sphere method rather than the general
single-sphere method was suitable for this evaluation. For double-sphere analysis, the high polarity side sphere represents an ionic
domain and the nonpolar side sphere represents a neutral domain. The value as the center of each sphere was assumed to be the HSP
for each domain. The calculation results confirmed that the positions of the double-sphere in Hansen’s 3D-diagram for the ionic liquid

depended on the types of cation and anion.
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Fig.1 Schematic drawing of the hierarchical structure of the
ionic liquid([OMIM][PF¢]). (Color online).
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Fig.2 Example of Hansen solubility sphere. (Color online).
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1-Butyl-3-methylimidazolium Chloride
(BLF[BMIM][CI])

1-Ethyl-3-methylimidazolium Bromide
(LA F[EMIM][Br])

1-Ethyl-3-methylimidazolium Hexafluorophosphate
(L4 F[EMIM][PFq])

1-Butyl-2,3-dimethylimidazolium Trifluoromethanesulfonate
(LU F[BMMI][TfO])

1-Butyl-4-methylpyridinium Hexafluorophosphate
(LA F[C4Cipyrr][PFs])

1-Butylpyridinium Hexafluorophosphate
(A F[Capyrr][PFs])

Tetrabutylammonium Hexafluorophosphate
(LU F[TBN][PFs])

Tetrabutylphosphonium Hexafluorophosphate
(VL F[TBP][PFs))
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Fig.3  Evaluation criteria for solubility tests.
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Table 1 Experimental data on the solubility of [EMIM][PF¢]
in organic solvents.

34 5 o

Solvent Score

[(MP2)'?]  [(MPa)']  [(MPa)'?]
1,4-Dioxane 17.5 1.8 9.0 1
Dimethyl Formamide 17.4 13.7 113 1
Aniline 20.1 5.8 11.2 1
Dimethyl Sulfoxide 18.4 16.4 10.2 1
N-Methyl Formamide 17.4 18.8 15.9 1
N,N-Dimethyl Acetamide 16.8 115 9.4 1
y-Butyrolactone 18.0 16.6 7.4 1
Formamide 17.2 26.2 19.0 1
Acetone 15.5 10.4 7.0 0
Ethanolamine 17.0 15.5 21.0 0
Benzyl Alcohol 18.4 6.3 13.7 0
1-Butanol 16.0 5.7 15.8 0
Ethylene Glycol 17.0 11.0 26.0 0
1,1,2,2-Tetrabromoethane 21.0 7.0 8.2 0
Toluene 18.0 1.4 2.0 0
Hexane 149 0.0 0.0 0
Ethanol 15.8 8.8 19.4 0
Methanol 14.7 12.3 223 0
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Fig.4 Hansen solubility spheres of ionic liquid (e.g.
[EMIM][PFs]). (Color online).
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Fig.5 Hansen solubility spheres of surfactant (e.g. Decanoic
Acid). (Color online).
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Fig.6 Non-polar interfacial layer model (e.g. n-Butanol and
[BMIM][PFs)).
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Fig.7 Hansen solubility sphere of [C4Cipyr][PFs].
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Table 2 Midpoint of HSP by domain structure in consideration
of Ro.

I 3q 9, P Ro
Tonic liquid Pattern
[(MPa)'?] [(MP2)?]  [(MPa)'?] [(MPa)']
Tonic 18.7 228 14.8 78
[BMIM][C]] Neutral 15.7 10.6 17.9 6.1
Modify Midpoint 17.4 17.4 16.2 -
lonic 17.1 208 12.6 83
[EMIM][Br] Neutral 172 8.0 225 6.5
Modify Midpoint 17.1 152 16.9 -
Tonic 17.2 19.0 12.1 8.9
[EMIM][PFq] Neutral 19.1 2.7 9.7 6.4
Modify Midpoint 18.0 122 11.1 =
lonic 17.1 22.0 18.6 7.7
[BMMI][TfO] Neutral 17.7 1.1 11.4 8.0
Modify Midpoint 17.4 16.4 14.9 =
Tonic 15.8 20.0 19.8 8.2
[C4Cipyr][PFe] Neutral 17.8 10.6 10.3 7.5
Modify Midpoint 16.8 155 15.3 =
lonic 16.7 21.6 12.7 8.5
[Capyr][PFe] Neutral 172 8.1 9.0 78
Modify Midpoint 16.9 15.1 10.9 =
Tonic 17.2 14.8 9.9 7.5
[TBN][PF] Neutral 207 22 11.6 4.6
Modify Midpoint 18.5 10.0 10.5 -
lonic 15.3 149 129 9.4
[TBP][PF¢] Neutral 20.8 24 10.2 38
Modify Midpoint 16.9 1.3 12.1
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Fig.8 Double-spheres of position relations (D~@®). (Color
online).
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