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Abstract  Heterogeneous systems containing ionic liquids ( ILs) with gases and solvents extend the
acpplications of ILs in absorption, extraction and heterogeneous catalysis. In recent years, the surface/interfacial
properties and surface/interfacial structures of ionic liquids have been widely studied, because they are important
due to their remarkable effects on heterogeneous reactions and separation efficiency. In this article, the surface/
interfacial tension, as well as the surface/interfacial structures of ILs and their mixtures with water and organic
solvents are summarized. The research methods, objectives and results are introduced. The relationship between
surface/interfacial tension and surface/interfacial structures is elucidated. Finally, the exiting problems and
development prospects of the studies on surface/interfacial properties and surface/interfacial structures of ILs are
discussed.
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2.1

Table 1 Surface tension studies for ionic liquids (ILs) in literatures

ionic liquid method temperature water content ref ||ionic liquid method temperature water content ref
(1T/K) (w/w% ) (1T/K) (w/w% )
[emim ][ BF, ] Wilhelmy plate  288.06—355.99  0.0164 54 ||[emim][BF, ] Du Noiiy ring ~ 283.15—363.15 0. 0600 65
[emim ][ BF, ] Du Noiiy ring 288.05—355.91 0.0164 54 |[[C,OHmim][BF,] pendant drop  298—453 0. 0800 25
[bmim][ BF, ] pendant drop 298—453 0. 0384 25 ||[bmim][BF, ] Du Noiiy ring ~ 293.65—360.95  0.0100 26
[ bmim] [ BF, ] Du Noily ring ~ 293. 15—341.35  0.0485 24 ||[bmim][BF, ] Wilhelmy plate  298.15—323. 15 0.0200 66
[ bmim] [ BF, ] Du Noiiy ring ~ 284.26—351.45 0. 1446 56 ||[bmim][BF, ] Du Noiiy ring 336 wa 28
[ bmim][ BF, ] Wilhelmy plate 284, 17—351.24 0. 1446 56 ||[bmim][BF, ] capillary rise  298—393 w/a 27
[ hmim ][ BF, | Wilhelmy plate  268.58—356.17  0.0051 54 ||[ hmim][ BF, ] capillary rise ~ 298—3093 Wa 27
[ hmim ][ BF, ] Du Noiiy ring 268. 58—356. 18  0.0051 54 ||[hmim][ BF, ] spinning drop  298.15—338.15  0.0324 67
[ omim ][ BF, ] Du Noiiy ring 298.45—361.85 0.0790 26 ||[ omim][ BF, ] capillary rise ~ 298—393 n/a 27
[ omim ][ BF, ] Du Noiiy ring ~ 288.15—343.15  0.0371 24 ||[ omim][BF, ] pendant drop  298—453 0.0344 25
[ bmim] [ PFy ] Du Notiy ring 293.15—343.15  0.0601 24 ||[bmim] [ PF, ] Du Noiiy ring ~ 298.15—335.61 0. 1920 23
[ bmim ] [ PF, ] capillary rise 298—393 n/a 27 ||[bmmim] [ PF ] Du Noiiy ring ~ 303.15—353.15  0.0087 24
[ hmim] [ PF; ] Du Noity ring ~ 293.15—353.15 0. 0021 24 ||[hmim] [ PF,] spinning drop ~ 298.15—338.15  0.0456 67
[ hmim] [ PF; ] capillary rise 298—363 na 27 ||[ omim ][ PFy ] Du Noiiy ring ~ 293.15—343.15  0.0018 24
[ emim ] [ Tf,N] Wilhelmy plate  283.16—351.54  0.0574 56 ||[ emim][Tf,N] Du Noiiy ring ~ 298.70—331.02 0. 1090 23
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ionic liquid method temperature water content ref |[ionic liquid method temperature water content ref

(T/K) (w/w%) (T/K) (w/w% )

[emim][TE,N]  pendant drop 313.0—532.2  <0.0070 47 ||[emim][Tf,N] pendant drop  278.75—328.15  <0.0200 68
[emim][TE,N]  Du Noiy ring ~ 293.15—343.15  0.0042 30 ||[emim][TE,N] Du Noiiy ring ~ 283.20—351.67  0.0574 56
[Cymim][TE,N]  pendant drop 312.9—473.0 <0.0070 47 ||[Cymim][TE,N] Du Noiiy ring ~ 293.15—343.15  0.0033 30
[bmim][TLN]  Du Noty ring 293.15—343.15  0.0121 24 ||[ bmim][Tf,N] pendant drop ~ 312.6—473.0 <0.0070 47
[bmim][T,N]  Wilhelmy plate  284. 15—351.56  0.0377 56 ||[bmim][Tf,N] Du Noily ring ~ 293.15—343. 15  0.0044 30
[bmim][T,N]  Du Noiy ring ~ 284.19—348.05  0.0377 56 ||[ bmim][Tf,N] pendant drop ~ 278.75—328.15  <0.0215 68
[Csmim][TE,N]  pendant drop 312.7—512.9 <0.0070 47 ||[ Csmim][Tf,N] Du Noiiy ring ~ 293.15—343.15  0.0020 30
[ hmim] [ Tf,N] Wilhelmy plate  283. 17—351. 11 0. 0045 56 ||[hmim][Tf,N] Du Noiiy ring ~ 293.15—343.15  0.0043 30
[ hmim ] [ Tf,N] Du Notiy ring 297.22—346.42 0. 1050 23 ||[hmim] [Tf,N] spinning drop ~ 298. 15—338.15 0. 0268 67
[hmim][T,N]  pendant drop 313.0—473.4 <0.0070 47 ||[C,mim][TLN] Du Noiiy ring ~ 293.15—353.15  0.0030 30
[omim][TEN]  pendant drop 313.0—512.6 <0.0070 47 ||[omim][TL,N] Du Noiiy ring ~ 293.15—343.15  0.0021 30
[Cyymim][T[,N]  pendant drop 313.2—513.8 <0.0070 47 ||[Ciomim] [T, N] Du Noiiy ring ~ 293.15—343.15  0.0050 30
[Comim][Tf,N]  pendant drop 333.3—532.6 <0.0070 47 ||[Cyymim][TL,N] pendant drop ~ 312.8—512.9 <0.0070 47
[P(14)666][ Tf,N] Du Notiy ring ~ 298.2—349.8  0.0526 23 ||[[N(4)111][T[,N] Du Noiiy ring ~ 298.35—340.58 0. 1080 23
[N(4)113][TENT Du Noiiy ring 299, 10—324.90 0. 2200 23 ||[[N(4)111][T(,N] pendant drop ~ 278.75—328.15  <0.0016 68
[N(6)113][T,N] Du Noiiy ring  300.10—322.60 0.2480 23 ||[[N(10)113][T,N]  Du Noiiy ring  300.00—328.10 n/a 23
[N(6)111][TE,N] Du Noiiy ring  300.35—333.35  0.0909 23 ||[[N(10)111][TE,N]  Du Noiiy ring ~ 300.96—347.26  0.0630 23
[N(6)222][TE,N] Du Noiiy ring ~ 299. 54—347.11 0. 1080 23 ||[[N(1)888][Tf,N] Du Noiiy ring ~ 299.46—336.79  0.1220 23
[bmPyrr] [Tf,N]  Du Noiy ring ~ 283.15—363.15  0.0030 65 ||[[N(1)888][T[,N] pendant drop ~ 278.75—328.15  <0.0015 68
[C,Py] [TE,NT  forced-bubble — 288.15—338.15  0.0503 62 ||[CsPy] [Ti,N] forced-bubble  283.15—338.15 0. 0683 62
[C,Py] [TE,N] forced-bubble 208.15—338.15  0.0905 62 ||[ emim][ CF;S0,] Wilhelmy plate 268.29—356.09  0.0105 54
[emim][CF;S0,] Du Noiiy ring  268.36—356.28  0.0105 54 ||[emim][ CF;S0,] Du Noiiy ring ~ 296.28—353.56 0. 9060 23
[bmim][ CF;S0; ]* Wilhelmy plate  293.40—355.89  0.0028 54 {|[bmim][ CF;S0, ]* Du Noiiy ring ~ 293.45—356.00  0.0028 54
[bmim][ CF;S0; 1" Wilhelmy plate ~ 292. 18—352.45  0.0028 54 ||[bmim][CF;S0,]*  Du Noiiy ring  292.24—352.70  0.0028 54
[bmim][ CF;80;] Du Noiiy ring  283.15—363.15  0.0200 65 ||[hmim ][ CF;S0; ] Wilhelmy plate 293.98—355.44 0. 0098 54
[bmim][CF;S0;] Du Notiy ring ~ 293.20—343.20  0.0181 24 ||[hmim] [ CF;S0; ] Du Noiiy ring ~ 294.03—355.44  0.0098 54
[mmim][MeSO,] pendant drop ~ 288.15—313.15 <0.0300 69 ||[bmim][MeSO, ] Du Noily ring ~ 294.55—354.35  0.0740 26
[emim][EtSO, ]  pendant drop 298—453 0. 0287 25 ||[emim][EtSO, ] Wilhelmy plate 292.91—332.09  <0.0100 70
[emim][EiSO, ]  pendant drop 278.75—328.15  <0.0018 68 ||[ emim][EtSO, ] pendant drop  288.15—313.15  <0.0300 71
[emim][EtSO,]  forced-bubble ~ 278.15—323.15 n/a 63 ||[emPy][E1S0, ] pendant drop ~ 298—453 0. 0690 25
[bmim][0cS0,]  pendant drop 278.75—328.15  <0.0018 68 ||[bmim][DCA] Du Noily ring 293 15—344.15 0. 0680 26
[bmPy][DCA]  Du Noiy ring  293.25—350.45 0.0730 26 ||[ bmPyrr][ DCA] Du Noiiy ring ~ 293.05—353.45  0.0570 26
[P(14)666][ DCA] Du Noiiy ring ~ 295.06—348.47  0.4230 23 ||[bmPy][BF,] Du Noiiy ring ~ 291.15—350.75 0. 0560 2
[bmim] [SCN]  Du Noiiy ring ~ 295.85—350.85 0. 0260 26 ||[ bmPyrr][ TFA] Du Noiiy ring ~ 292.05—357.55  0.0650 2
[bmim] [SCN]  Du Noiiy ring ~ 298.15—328.15 <0.0230 72 |/[bmPy][SCN] Du Noity ring ~ 302.85—342.15  0.0610 2
[P(14)666][Cl1]  Du Noiiy ring ~ 297.99—347.68  0.5840 23 ||[ bmPyrr][ SCN] Du Noiiy ring ~ 303.35—344.15  0.0390 2
[bmim ][ Cl] capillary rise 298—393 n/a 27 {|[ omim ][ Cl] capillary rise ~ 298—393 n/a 27
[hmim ][ Cl] capillary rise 298—393 n/a 27 ||[bmim] [1] Wilhelmy plate 298.15—323.15  0.0220 66
[ mlm] [1] capillary rise 298—393 n/a 27 ||[hmim ][ 1] capillary rise ~ 298—393 n/a 27
[Csmim][Glu]  forced-bubble ~ 298.15—338.15 0.0841 21 ||[emim][PF;(CF,CF3)5] forced-bubble  283.15—338.15  <0.0100 29
[bmim][AICl;]  forced-bubble 278.2—343.2 na 34 ||[emim][InCl, ] forced-bubble  293.15—343.15 n/a 37
[Csmim][AICl, ]  forced-bubble 273.15—343.15 n/a 39 |[[bmim][InCl, ] forced-bubble ~ 278.15—343.15 n/a 36
[Csmim][InCl,]  forced-bubble ~ 273.15—343.15 w/a 39 ||[emim][FeCl, ] forced-bubble  293.15—343.15  n/a 35
[hmim][InCl,]  forced-bubble ~ 283.15—338.15 n/a 31 ||[bmim][FeCl, ] forced-bubble  283.15—343.15 n/a 38
[bmim][GaCl,]  forced-bubble  268.15—338.15 n/a 32 ||[hmim][GaCl, ] forced-bubble ~ 283.15—338.15  n/a 40
[emim][GaCl,]  forced-bubble ~ 288.15—343.15 n/a 33 ||[emim] [ L-lactate ] Wilhelmy plate 283.15—333.15  <0.0300 73
[Csmim][GaCly] forced-bubble ~ 273.15—343.15 n/a 39

©from different companies, purities are 0. 990, 0. 995 respectively
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Table 2  Surface tension studies for ionic liquid-molecular solvent mixtures in literatures
mixtures mole method temperature ref || mixtures mole method temperature ref

fraction (xy.) (T/K) fraction (xy.) (T/K)

[bmim][PF¢] + 0.85—1.00  Du Noiiy ring ~ 303. 15 24 || [Csmim][BF, ] + 0.91—0.96  forced-bubble 278. 15— 55
water water 338.15
[omim][PFs] + 0.93—1.00  Du Noiiy ring ~ 303. 15 24 || [bmim][THN] + 0—1. 00 pendant drop 298 68
water 1 -propanol
[emim][BF,] + 0—1.00 Drop-volume 298. 15 79 || [bmim] [ TH,N] + 0—1.00 pendant drop 298 68
water 1-butanol
[bmim][BF,] + 0—1.00 Wilhelmy plate  298.15 76 || [emim] [ L-lactate] + 0—1.00 Wilhelmy plate 298. 15 73
water waler
[bmim][BF,] + 0.01—0.50  Wilhelmy plate 298. 15 77 || [ mmim] [ MeSO, ] + 0—1.00 Du Noiiy ring  298. 15 87
waler 1-butanol
[hmim][BF,] + 0.30—1.00  drop-volume  298.15 79 || [mmim][MeSO,] +  0—1.00 Du Noiiy ring  298. 15 87
water ethanol
[bmim][BF,] + 0—1.00 drop-volume 298. 15 79 || [ mmim][ MeSO, ] + 0—1.00 Du Noiiy ring  298. 15 87
water methanol
[bmim][BF,] + 0—1.00 capillary rise ~ 298.15 80 || [ bmim][0cSO, ] + 0—1. 00 Du Noiiy ring  298. 15 87
water methanol
[bmim][BF,] + 0—1.00 pendant drop  298. 15 81 || [bmim][0cSO, ] + 0—1.00 Du Noiiy ring  298. 15 87
water 1-butanol
[bmim][BF,] + 0—1.00 pendant drop  298.15 74 || [ bmim][MeSO, ] + 0—1.00 Du Noiiy ring  298. 15 87
water methanol
[bmim][Br] + 0—1.00 pendant drop 298. 15 74 || [ bmim ][ MeSO, ] + 0—1.00 Du Noiiy ring  298. 15 87
water ethanol
[emim][Br] + 0—1.00 pendant drop 298. 15 74 || [ bmim] [ MeSO, ] + 0—1.00 Du Noiiy ring  298. 15 87
water 1-butanol
[bmim]|[Cl] + 0—1.00 pendant drop 298. 15 74 || [bmim] [ SCN] + 0—1. 00 Du Noiiy ring  298. 15— 72
water 1-butanol 328. 15
[bmim][BF, ] + 0—1.00 drop-volume 208. 15 79 [bmim] [SCN] + 0—1.00 Du Noiiy ring 298. 15— 72
ethanol 1-butanol 328.15
[hmim][BF, ] + 0—1.00 drop-volume 298. 15 79 || [bmim] [SCN] + 0—1.00 Du Noiiy ring  298. 15— 72
ethanol 1-pentanol 328. 15
[omim][BF,] + 0—1.00 drop-volume 298. 15 79 || [bmim] [SCN] + 0—1.00 Du Noiiy ring  298. 15— 72
ethanol 1-hexanol 328.15
[emim][BF,] + 0—1.00 drop-volume ~ 298.15 79 || [ bmim][PF4] + 0.34—1.00  Du Noiiy ring  298. 15 88
ethanol benzene
[bmim][BF,] + 0.43—1.00 Du Noiiy ring ~ 298. 15 88
benzene
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Proposed models of air/ILs interface. (a) The

The surface structure of[ bmim ][ 1]
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