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Scheme 1 Synthesis of ionic liquid precursors
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IL1: "H NMR (400 MHz, D,0) §3.31 (t, ] =
7.2 Hz, 2H), 2.91 (s, 12H), 2.02 - 1.96 (m,
2H). "C NMR (101 MHz, D,0) & 161.57, 48.05,
43.14, 38.80, 24.69. ESI-MS (M*, m/z) : 238. 1.
Anal. calc. for C4H,,CIN,0,S (273.78) . C 35.10,
H7.36, N 15.35; found;: C 34.81, H7.77, N
15.45. water content: 0.87 (mass) %.

IL2. '"H NMR (400 MHz, D,0) §3.30 (t,J =
7.2 Hz, 2H), 2.90 (s, 12H), 2.01 - 1.95 (m,
2H). "C NMR (101 MHz, D,0) 8 161.57, 48.05,
43.14,38.79, 24.69. ESI-MS (M*, m/z) : 238.1.
Anal. cale. for C;H, N,0,S (300.33): C31.99, H
6.71, N 18.65; found; C 33.57, H7.30, N 16.65.
water content; 1.18 (mass) % .

IL3. '"H NMR (400 MHz, D,0) §3.18 (t, ] =
7.2 Hz,2H),2.78 (s, 12H), 1.89 - 1.83 (m,
2H). "C NMR (101 MHz, D,0) 8 161.50, 48.01,
43.08, 38.76, 24.63. ESI-MS (M*, m/z) : 238.1.
Anal. cale. for CgH, N;0,S,(335.40) . C28.65, H
6.31, N 12.53; found: C24.19, H 6.40, N 10.43.
water content: 1.03 (mass)%.

II4. '"H NMR (400 MHz, D,0) § 7.63 (d, J
= 8.3 Hz, 2H), 7.30 (d, J] = 8.0 Hz, 2H), 3.27
(t,J = 7.2 Hz, 1H), 2.86 (s, 12H), 2.33 (s,
3H),2.04 - 1.84 (m, 2H). "C NMR (101 MHz,
D,0) & 142.41(C,H,), 139.38 (C H,), 129.39
(C,H,), 125.30 (C.H,), 48.03, 43. 12, 38.76,
24.67, 20.42 (CH,). ESI-MS (M*, m/z) ; 238. 1.
Anal. cale. for CsH,;N,0,S,(409.52). C43.99, H
6.65, N 10.26; found: C 44.74, H6.78, N 9.00.
water content: 0.81 (mass)%.

IL5: "H NMR (400 MHz, D,0) §3.23 (t, ] =
7.2 Hz, 2H), 2.83 (s, 12H), 1.94 - 1.88 (m,
2H). "C NMR (101 MHz, D,0) § 119.59(CF,),
161.53, 121. 16, 118. 01, 48.04, 43. 13, 38.77,
24.67. ESI-MS (M* |, m/z): 238.1. Anal. calc. for
C,H, FyN, 0, S, (387.40): C 27.90, H 5.20, N
10. 85 ;found: C 24.20, H5.04, N 8.79. water con-
tent: 0.82 (mass)%.

IL6: "H NMR (400 MHz, D,0) §3.21 (t, ] =
6.6 Hz, 2H), 2.92 (s, 12H), 1.72 (dd, ] = 6.0,

4.7 Hz, 4H). "C NMR (101 MHz, D,0) §161.59,
50. 30, 44. 02, 39. 00, 28. 00, 21. 38. ESI-MS
(M*, m/z);252.0. Anal. cale. for C4H,,CIN,0,S
(287.81): C35.76, H7.70, N 14.60; found: C
42. 46, H 8. 28, N 16. 25. water content; 0. 58
(mass) % .

IL7: "H NMR (400 MHz, D,0) §3.21 (t, ] =
6.6 Hz, 2H), 2.91 (s, 12H), 1.72 (dd, J=10.1,
6.5 Hz, 4H)."”C NMR (101 MHz, D,0) § 161.59,
50. 32, 44. 02, 39. 03, 28. 01, 21. 39. ESI-MS
(M*, m/z): 251.9. Anal. calc. for CgH,, N, O,S
(314.36): C34.39, H7.05, N 17.82; found; C
40. 85, H 8. 06, N 15. 50. water content; 1. 21
(mass) % .

IL8: "H NMR (400 MHz, D20) §3.16 (t, ] =
6.6 Hz, 2H), 2.87 (s, 12H), 1. 68 (dd, J =
10.1, 6.5 Hz, 4H)."”C NMR (101 MHz, D,0) &
161.57, 50.30, 44.01, 39.02, 28.00, 21.37. ESI-
MS (M*, m/z): 252.0. Anal. cale. for C,H,, N, O,
S,(349.42). €30.94, H6.63, N 12.03; found: C
30. 32, H 6. 68, N 10. 81. 1. 20
(mass) % .

1L9: '"H NMR (400 MHz, D,0) § 7.62 (d, J
= 8.2 Hz,2H), 7.30 (d, J] = 8.2 Hz, 2H), 3. 16
(t,J = 6.6 Hz, 2H), 2.87 (s, 12H), 2.33 (s,
3H), 1.67 (dd, J = 7.4, 4.6 Hz, 4H). "C NMR
(101 MHz, D,0) & 161. 54, 142. 41 (C,H,),
139.38(CcH, ), 129.39 (C.H,), 125.30 (C.H,),
50. 31, 44. 01, 39. 02, 28. 00, 21. 38, 20. 43
(CH;). ESI-MS (M*, m/z): 252.0. Anal. calc.
for C,4HN,O,S, (423.55). C45.37, H6.90, N
9.92; found: C 44.39, H 6.87, N 8.85. water con-
tent: 1.29(mass) % .

ILI0; '"H NMR (400 MHz, D20) § 3.22 (t, ]
= 6.7 Hz, 2H), 2.93 (s, 12H), 1.73 (dd, J =
3.8, 2.5 Hz, 4H)."C NMR (101 MHz, D,0) 3§
161.57, 119. 59 (CF,), 50. 31, 44. 02, 39. 03,
28.01, 21.38. ESI-MS (M*, m/z): 252.0. Anal.
cale. for C,,Hy, F;N,O,S, (401.42). € 29.92, H
5.52,N 10.47; found; C 28.64, H 5.54, N 9.35.
water content: 1.53 (mass) % .

ILI1; '"H NMR (400 MHz, D,0) §3.10 (t, J
= 7.3 Hz,2H), 2.98 (t,] = 7.1 Hz, 2H), 2.92

water content:
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(d,J = 7.3 Hz, 2H), 2.02 (dt, J = 13.8, 6.9
Hz, 1H), 1.85 (dd, J] = 6.7, 3.5 Hz, 4H), 1.01
(d,J = 6.7 Hz, 6H). "C NMR (101 MHz, D,0)
d 54. 65, 50. 06, 47.44, 25.52, 24.25, 21. 30,
19.01. ESI-MS (M*, m/z) : 206.3. Anal. calc. for
CyH,, CINO, S (245.77). C 39. 10, H 8.20, N
5.70; found: C 44.34, H 8.98, N 6.57. water con-
tent: 0.66 (mass)%.

IL12: '"H NMR (400 MHz, D,0) §3.03 (t, J
= 7.3 Hz,2H),2.90 (d, J = 7.0 Hz, 2H), 2.85
(d,J = 7.3 Hz, 2H), 1.96 (dt, J = 13.8, 6.9
Hz, 1H), 1.78 (dd, J] = 6.7, 3.5 Hz, 4H), 0.94
(d,J = 6.7 Hz, 6H). "C NMR (101 MHz, D,0)
d 54.64, 50.05, 47.43, 25.51, 24.24, 21. 29,
19.00. ESI-MS (M*, m/z) : 209.9. Anal. calc. for
CeHyy N, O, S (272.32). C 35.28, H 7.40, N
10.29 ;found: C 43.46, H 8.89, N 7.27. water con-
tent: 1.07(mass) % .

IL13: '"H NMR (400 MHz, D,0) §2.89 (t,J
= 7.3 Hz,2H),2.76 (d, ] = 6.9 Hz, 2H), 2.71
(d,J = 7.3 Hz, 2H), 1.81 (dt, J = 13.8, 6.9
Hz, 1H), 1.63 (dd, J] = 6.7, 3.5 Hz, 4H), 0.80
(d,J = 6.8 Hz, 6H). "C NMR (101 MHz, D,0)
d 54. 61, 50.05, 47.40, 25. 47, 24.21, 21. 27,
18.99. ESI-MS (M*, m/z): 209.9. Anal. calc. for
CyH, NO,S,(307.38): C31.26, H6.89, N 4.56;
found: C 30.45, H 5.90, N 4. 19. water content:
1.37(mass) %.

IL14. '"H NMR (400 MHz, D,0) 8 7.62 (d, J
= 8.3 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 3.00
(t, ) =7.3Hz,2H),2.89 (d,J =5.6 Hz, 2H),
2.81(d,J = 7.3 Hz, 2H), 2.33 (s, 3H), 1.93
(dt, J = 13.8,6.9Hz, I1H), 1.75 (dd, J = 6.7,
3.4 Hz, 4H), 0.92 (d, J = 6.7 Hz, 6H). “C
NMR (101 MHz, D,0) & 142.44(C,H,), 139.33
(C¢H,), 129.40(C,H, ), 125.30(C4H,), 54.64,
50. 06, 47. 43, 25. 50, 24. 24, 21.29, 20. 43
(CH;), 19.01. ESI-MS (M", m/z) : 209.9. Anal.
cale. for C,sH,;,NO,S,(381.51). C47.22, H7.13,
N 3.67; found;: C 46.72, H 7.18, N 3. 60. water
content; 1.03 (mass)%.

IL15: '"H NMR (400 MHz, D,0) §3.02 (t, J
= 7.3 Hz,2H),2.90 (d,J =7.0Hz,2H), 2.86

(d, ] = 7.3 Hz, 2H), 1.96 (dt, J = 13.8, 6.9
Hz, 1H), 1.78 (dd, ] = 6.7, 3.5 Hz, 4H), 0.94
(d, J = 6.7 Hz, 6H). “C NMR (101 MHz, D,0)
8 119. 59 (CF,), 54. 64, 50. 05, 47. 43, 25. 51,
24.24,21.29,19.00. ESI-MS (M*, m/z) : 210. 1.
Anal. cale. for C,H,, F,NO,S, (359.38): C 30.08,
H5.61, N3.90; found: C 30.15, H5.90, N 4. 19.

water content; 1.51 (mass)%.
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Table 1 H, values of ionic liquids in dichloromethane

A [B] % [BH']% H,
p-Nitroaniline ~ 2.527 100 0 -
ILI 2.246 88.9 11.1 1.89
12 2.140 84.6 15.4 1.73
113 1.494 59.1 40.9 1.15
114 1.996 79.0 21.0 1.56
IL5 0.365 14.5 85.5 0.22
1L6 2.256 89.3 10.7 1.91
IL7 2.223 88.0 12.0 1.85
IL8 1.800 71.2 28.8 1.38
1.9 2.172 85.9 14.1 1.78
IL10 1.072 42.4 57.6 0.86
IL11 2.428 96. 1 3.9 2.38
ILI2 2.303 91.1 8.9 2.00
ILI3 1.988 78.6 21.4 1.56
IL14 2.206 87.3 12.7 1.83
IL15 1.230 48.6 51.4 0.97
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B BT R AR AR A I R ML BEREE Y
WK, BTIRARRRSEER A FEAR, X AT REIE
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Sy o3 . BRI AA 04 20 i L E R MO
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Table 2 Thermal properties of SO, H-functionalized ILs

ILs T,/C T,/ ACp*/] + g C™!
IL1 271.0 -30.1 0.614
12 263.3 -27.1 0.457
IL3 271.7 -54.0 0.424
4 329.2 -28.5 0.639
IL5 266.3 -61.4 0. 381
IL6 301.1 . -
IL7 279.5 -24.6 0.118
L8 276.7 -35.2 0.451
19 265.8 -14.0 0.423
IL10 260.7 -45.8 0.370
IL11 327.7 . -
IL12 329.2 -12.4 0.172
IL13 280.2 -47.3 0.610
IL14 370. 1 -19.1 0.139
IL15 279.5 -40.4 0.398

*ACp: the change of specific heat at constant pressure in

the glass transition.

" — . there isno glass transition in the temperature ragne.

2.3 BEMME
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Fig. 2 Effect of temperature on density of SO, H-
functionalized ILs
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Table 3 The viscosities of ionic liquids

ILs 25 C 40 °C 60 °C 80 °C 100 C
113 6092.2 1706.5 449,57 161. 86 70.325
115 1618.8 535.09 169.95 70.219 34.659
118 7621.9 2236.1 617.48 226.81 101.87
IL10 896. 30 337.78 120. 60 53.845 26. 185
1L13 69972 16547 3631.9 1113.2 430.02
IL15 5538.3 1616.1 463. 10 170.59 75.106
so00l IAFE 4 PRI LAE IR B TR AR AL T 5
Joool T%ﬁ%?WW,%EEE,#ﬁﬁ%I%%ﬁW
soool BFh =R T, WA, W T
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Fig. 3 Temperature-Viscosity curve of 1L8
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Table 4 The solubilities® of ionic liquids

ILs H,0 EtOH PhCH, MeCN Et,0 CH,Cl,
ILI M M I M I PM

12 M M I M I PM

113 M M I M I PM

14 M M I M I PM

IL5 M M I M I PM

16 M M I PM I PM

IL7 M M I PM I PM

I8 M M I M I PM

19 M M I M I PM

IL10 M M I M I PM

ILL1 M M I PM I PM

ILI12 M M I PM I PM

IL13 M M I M I PM

IL14 M M I M I PM

IL1S M M I M I PM

* M, miscible; PM, partly miscible; I, immiscible.
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Table 5 The solubilities of ionic liquids in CH,Cl,
ILs 1L3 ILS 1L8 IL10 IL13 IL15
S(g/ml) 0.0120 0.0148 0.0426 0.0483 0.0340 0.0412
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Physicochemical Properties of New Sulfonic Acid
Functionalized Ionic Liquids

ZHOU Jian-wei, ZHAO Mei-ting, LI Zhen" , CHEN Jing, XTA Chun-gu
(1. Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. Graduate School of Chinese Academy of Sciences, Beijing 100080, China))

Abstract; A series of sulfonic acid functionalized ionic liquids based on guanidinium and isobutylammonium have
been synthesized. Important physicochemical properties for these ionic liquids are characterized by DSC, STA, UV-
Vis and viscosimeter to determine how acidity, density, viscosity, solubility, glass transition temperature, and ther-
mal stability are affected by changes in cation structure and the type of anion. It is found that the structures of ani-
ons and cations have a dramatic effect on the properties.

Key words: ionic liquids; physicochemical properties; sulfonic acid functionalized



