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Preparation and Physicochemical Properties of Imidazolium Acetates
and the Conductivities of Their Aqueous and Ethanol Solutions
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Abstract: The ionic liguids 1-methylimidazolium acetate ([Mim]Ac), 1,3-dimethylimidazolium acetate
([Mmim]Ac), and 1-ethyl-3-methylimidazolium acetate ([Emim]Ac) were prepared and their densities,
conductivities, and absolute viscosities were measured at temperatures ranging from 293.15 to 338.14 K.
Their corresponding molar conductivities and kinematic viscosities were also calculated. The dependence
of densities, conductivities, molar conductivities, absolute viscosities, and kinematic viscosities on
temperature were obtained using the ieast-squares method. The influence of the alkyl chains at the
3-position N atom of the imidazole ring on the above five physicochemical properties of these imidazolium
acetates were discussed. The conductivities of binary solutions of [Mim]Ac {or [Mmim]Ac or [Emim]Ac} (1)-
H.O (or EtOH) (2) were measured for a full set of mole fractions and the corresponding molar conductivities
of the three imidazolium acetates in the six binary solutions were also calculated. In water and ethanol
solutions we found that the conductivities and the molar conductivities increased initially and then
decreased with an increase in the mole fraction of the imidazolium acetates. At the same concentration a
longer alkyl chain at the 3-position of the imidazole ring resulted in higher conductivity and molar
conductivity for the imidazolium acetates. Furthermore, the conductivities and molar conductivities of the
aqueous solutions are always far higher than those of ethanol solutions.
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Table 1 Densities (p), conductivities (x), molar conductivities (1..), absolute viscosities (3), constant C (C=A.7), and
kinematic viscosities (v) of [Mim]Ac, [MmimjAc, and [Emim]Ac at different temperatures

/K pl(g-cm™) r/(mS-cm™) A/(S cm’-mol™) #/(mPa-s) C vi(mm®-s™")
[Mim]Ac
293.15 1.1561 3.26 0.4010 85.37 34.24 73.8431
295.16 1.1557 3.29 0.4049 84.57 34.24 73.1764
298.15 1.1551 333 0.4100 83.51 34.24 72.2968
303.09 1.1543 342 04214 81.25 34.24 70.3890
308.13 1.1536 3.51 0.4327 79.12 34.24 68.5853
313.17 1.1529 3.60 0.4441 77.10 34.24 66.8748
318.16 1.1521 3.67 0.4530 75.57 34.24 65.5933
323.11 1.1503 3.76 0.4649 73.65 34.24 64.0268
328.14 1.1479 384 0.4758 71.96 34.24 62.6884
330.09 1.1457 3.89 0.4829 70.90 34.24 61.8836
333.16 1.1439 393 0.4886 70.07 34.24 61.2554
335.05 1.1418 396 0.4932 69.41 34.24 60.7900
338.14 1.1391 4.00 0.4994 68.56 34.24 60.1879
[Mmim)Ac
293.15 1.1289 2.75 0.3806 90.63 34.49 80.2817
295.16 1.1282 2.79 0.3863 89.27 34.49 79.1260
298.15 1.1276 2.86 0.3962 87.04 34.49 77.1905
303.09 1.1268 2.93 0.4062 84.90 34.49 75.3461
308.13 1.1261 3.05 0.4231 81.51 34.49 72.3826
313.17 1.1245 3.17 0.4404 78.31 34.49 69.6398
318.16 1.1236 3.29 0.4574 75.40 3449 67.1057
323.11 1.1221 3.40 0.4734 72.86 34.49 64.9318
328.14 1.1197 349 0.4869 70.83 34.49 63.2580
330.09 1.1183 3.51 0.4903 70.34 34.49 62.8990
333.16 1.1162 3.56 0.4982 69.22 34.49 62.0140
335.05 1.1144 3.59 0.5033 68.53 34.49 61.4950
338.14 1.1105 3.64 0.5121 67.35 34.49 60.6484
[Emim]Ac
293.09 1.1027 243 0.3751 92.97 34.88 84.3112
295.16 1.1019 2.46 0.3803 91.72 © 34.88 83.2380
298.15 1.1012 2.54 0.3927 88.79 34.87 80.6302
303.09 1.0997 2.61 0.4041 86.31 34.88 78.4850
308.13 1.0982 2.73 0.4231 82.37 34.87 75.0046
313.17 1.0963 2.85 0.4425 78.75 34.88 71.8325
318.16 1.0941 297 0.4621 75.44 34.85 68.9516
323.11 1.0918 3.06 0.4768 73.05 34.85 66.9079
328.14 1.0887 317 0.4952 70.36 34.86 64.6275
330.09 1.0866 3.22 0.5044 68.93 34.83 63.4364
333.16 1.0836 3.26 0.5121 68.02 34.84 62.7722
335.05 1.0812 329 0.5181 67.27 34.77 62.2179
338.14 1.0784 333 0.5257 66.29 34.83 61.4707
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Table 2 Concentrations (x and c), densities (p), conductivities (x), and molar conductivities (A.) of
binary solutions [Mim]Ac {or [Mmim]Ac or [Emim]Ac}(1)- H;O(or EtOH) (2) at 293.15 K

X c/(mol-L™") pl(g-cm™) x/(mS-cm™) A./(S:cm?*+mol™) X c/(mol-L™")  p/g-cm™) x/(mS-cm™) A./(S+-cm’-mol™)
[Mim]Ac(1)-H:0(2) [Mim]Ac(1)-EtOH(2)
0.0000 0.0000 0.9983 0.00 0.0000 0.0000 0.7895 0.00
0.0323 1.5141 1.0318 8.49 5.6065 0.0275 0.4592 0.8123 1.39 0.8421
0.0441 1.9555 1.0411 17.01 8.6959 0.0352 0.5833 0.8184 1.99 1.5340
0.0575 2.4030 1.0508 29.01 12.0711 0.0478 0.7822 0.8280 3.12 1.9351
0.0793 3.0312 1.0646 51.83 17.0994 0.0629 1.0142 0.8393 4.48 2.4476
0.0965 3.4548 1.0736 68.75 19.8999 0.1514 2.2451 0.8981 13.14 4.6730
0.1177 3.9091 1.0834 87.00 22.2562 0.1709 2.4901 0.9098 15.18 5.2943
0.1309 4.1591 1.0886 96.99 23.3206 0.2135 2.9947 0.9334 19.20 6.2496
0.1593 4.6299 1.0983 87.71 18.9447 0.2603 3.5068 0.9571 23.40 6.6716
0.3041 6.1489 1.1278 69.45 11.2947 0.3396 4.2848 0.9927 22.70 5.2981
0.4902 7.1059 1.1436 43.11 6.0668 0.5022 5.5932 1.0505 17.00 3.0389
0.5723 7.3700 1.1473 34.36 4.6621 0.6015 6.2460 1.0787 13.28 2.1256
0.7155 7.7088 1.1515 20.63 2.6762 0.7299 6.9626 1.1087 8.21 1.1788
0.8661 7.9604 1.1543 11.76 1.4773 0.9025 7.7507 1.1408 5.27 0.6793
0.9295 8.0459 1.1553 9.05 1.1248 0.9384 7.8952 1.1467 4.49 0.5684
1.0000 8.1290 1.1561 3.26 0.4010 1.0000 8.1290 1.1561 3.26 0.4016
[Mmim]Ac(1)-H0(2) [Mmim]Ac(1)-EtOH(2)
0.0000 0.0000 0.9983 0.00 0.0000 0.0000 0.7895 0.00
0.0319 1.4651 1.0292 7.29 4.9770 0.0291 0.4818 0.8147 1.31 0.6435
0.0421 1.8320 1.0365 12.13 6.6205 0.0405 0.6610 0.8236 2.13 1.1463
0.0517 2.1447 1.0431 20.00 9.3275 0.0513 0.8263 0.8321 3.02 1.3937
0.0612 2.4265 1.0491 27.82 11.4657 0.0733 1.1498 0.8483 491 1.7881
0.0957 3.2657 1.0656 57.65 17.6533 0.1157 1.7277 0.8773 8.60 2.9370
0.1103 3.5547 1.0714 68.24 19.1966 0.2104 2.8335 0.9318 16.83 5.5600
0.1349 3.9739 1.0795 71.66 18.0326 0.2315 3.0505 0.9424 18.60 5.9610
0.2516 5.2600 1.1034 57.72 10.9733 0.2607 3.3351 0.9561 19.03 5.7059
0.2971 5.5772 1.1088 5091 9.1283 0.3185 3.8503 0.9805 18.21 4.7295
0.4327 6.2210 1.1187 33.84 5.4396 0.4929 5.0989 1.0379 11.97 2.3476
0.5014 6.4415 1.1216 27.33 4.2428 0.5903 5.6445 1.0620 8.73 1.5466
0.7233 6.9069 1.1266 14.57 2.1095 0.7305 6.2932 1.0899 5.59 0.8883
0.8905 7.1209 1.1282 8.63 1.2119 0.8659 6.8045 1.1115 4.01 0.5893
0.9201 7.1522 1.1285 5.61 0.7844 0.9306 7.0172 1.1203 3.35 0.4774
1.0000 7.2263 1.1289 2.75 0.3806 1.0000 7.2263 1.1289 2.75 0.3806
[Emim]Ac(1)-H:0(2) [Emim]Ac(1)-EtOH(2)
0.0000 0.6000 0.9983 0.00 0.0000 0.0000 0.7895 0.00
0.0375 1.6273 1.0288 8.00 49173 0.0506 0.8052 0.8320 2.52 0.9172
0.0441 1.8437 1.0332 11.21 6.0786 0.0617 0.9661 0.8402 3.35 1.1821
0.0575 2.2364 1.0405 18.66 8.3437 0.0701 1.0849 0.8466 4.04 1.4239
0.0692 2.5386 1.0468 27.07 10.6651 0.0837 1.2707 0.8562 5.05 1.7260
0.0721 2.6078 1.0480 29.79 11.4227 0.1103 1.6148 0.8741 7.10 2.3971
0.1109 3.3776 1.0623 59.02 17.4741 0.1919 2.5299 0.9207 13.29 4.4533
0.1446 3.8706 1.0710 60.14 15.5386 0.2246 2.8463 0.9365 16.15 5.3957
0.1917 4.3862 1.0795 54.17 12.3490 0.2375 2.9643 0.9424 15.39 5.1916
0.2743 4.9993 1.0890 41.36 8.2734 0.2691 3.2386 0.9559 14.47 4.4671
0.4722 5.7711 1.0985 20.30 3.5171 0.4627 4.5560 1.0189 991 2.1761
0.5619 5.9706 1.1001 15.37 2.5743 0.5714 5.0964 1.0433 6.30 1.2362
0.6935 6.1819 1.1015 10.16 1.6435 0.7035 5.6263 1.0668 4.33 0.7691
0.8571 6.3632 1.1022 5.62 0.8832 0.8771 6.1693 1.0899 2.69 0.4357
0.9226 6.4198 1.1025 3.27 0.5094 0.9267 6.3003 1.0954 2.47 0.3922

1.0000 6.4781 1.1027 2.43 0.3751 1.0000 6.4781 1.1027 2.43 0.3751
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Table 4 The least-square parameters and standard
deviations of Eqs.(2) and (4) of conductivities and molar
conductivities vs temperatures for [Mim]Ac, [Mmim]Ac,
and [Emim]Ac respectively

BOWR/NZFAUNSSHIRERE 10°, o
Parameter in Eq.(2) —————— o -
Table 3 The least-square parameters and standard (mS-em™)  (mS-ecm™-K")  (mS-cm™)
deviations of Eq.(1) of densities vs temperatures for [Mim]Ac -1.668 1.6796 0.007
[Mim]Ac, [Mmim]Ac, and [Emim]Ac [Mmim]Ac -3217 2.0367 0.021
Samol a 10°%, 10°a; 107a, o [Emim]Ac -3.675 2.0816 0.018
ample
P (g-cm™) (grem™K™) (g-em™”+K™) (g-cm”-K™) (g-cm”) . bo 10°h, o
- Parameter in Eq.(4) - - " o = >
[MimJAc 103250 —89867  2.9393 -3.2088  0.0003 (Scm™ +mol™)(S-cm™ +mol ™ -K™')(S+cm™ - mol ')
[Mmim]Ac 11.4370 -10.0396 3.2632 -3.5407  0.0003 [Mim]Ac -0.248 2.2096 0.001
[Emim]Ac 82565  -7.0391 23171 -2.5528  0.0003 [Mmim]Ac -0.492 2.9761 0.002
116 [Emim]Ac -0.638 3.4495 0.002
115E “*—ﬁ—ss\\\ 42
1.14f 40
38
~ 113¢ s6b
I
E 112} T 34f
o § 32t
< 111F @
@ E 30}
110 <
; * 28}
e [Mim]Ac o [MimJAc
1.09F & [Mmim]Ac 26¢ o [MmimjAc
1.08fL 4 [Emim]Ac 24F a [Emim]Ac

280 295 300 305 3;0 3%5 350 355 32130 335 340
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1 #£293.15-338.14 K Ff[Mim]Ac. [Mmim]Ac 1
[Emim]Ac 89% & %5 & R X1
Fig.1 Fitting curves of the densities vs temperatures for
[Mim]Ac, [Mmim]Ac, and [Emim]Ac at temperatures
ranging from 293.15 to 338.14 K
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Fig.2 Fitting lines of conductivities vs temperatures for
[Mim]Ac¢, [Mmim]Ac, and [Emim]Ac at temperatures
ranging from 293.15 to 338.14 K
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Fig.3 TFitting lines of molar conductivities vs temperature
for [Mim]Ac, [Mmim}Ac, and [Emim]Ac at temperatures
ranging from 293.15 to 338.14 K
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Table 5 The least-square parameters and standard
deviations of Eqs.(5) and (8) of absolute viscosities and

kinematic viscosities vs temperature for [Mim]Ac,
[Mmim]Ac, and [Emim]Ac

Parameter in o c 10°c, g
Eq.(5) (mPa:s) (mPa-s:K') (mPa-s:K”) (mPa-s)
[Mim]Ac 320.657 -1.1707 12,565 0,148
[Mmim]Ac 647.526 -3.0929 40.720 0.347
[Emim]Ac 722.107 —-3.4801 45.531 0.380
Parameter in C i 10 a
Eq.(8) (mm’ss™") (mm’-s'-K") (mm’-s"'-K?) (mm’-s™)
[Mim]Ac 319.225 -1.2943 15.610 0.125
[Mmim]Ac 609.449 -2.9841 40.240 0.332
[Emim]Ac 689.862 -3.4033 45.656 0.366
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[Emim]Ac BI£E 3T #E 3R B B X
Fig.4 Fitting curves of the absolute viscosities vs
temperatures for [Mim]Ac, [Mmim]Ac, and [Emim]Ac at
temperatures ranging from 293.15 to 338.14 K
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Fig.5 Fitting curves of the kinematic viscosities vs
temperatures for [Mim]Ac, [Mmim]Ac, and [Emim]Ac at
temperatures ranging from 293.15 to 338.14 K
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Fig.6 Conductivities (a) and molar conductivities(b) of
binary solutions [Mim]Ac {or [Mmim]Ac or [Emim]Ac}

(1)-H,0 (2) at 293.15 K
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Fig.7 Conductivities (a) and molar conductivities (b) of binary solutions [Mim]Ac {or [Mmim]Ac or
[Emim]Ac}(1)- EtOH(2) at 293.15 K
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