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Tab.1 The density p of chloroaluminate ionic liquids at different temperatures gecm ®
BT 293.15 K 303.15 K 313.15 K 323.15 K 333.15 K 343.15 K
[Bmin][Al;Cl; ] 1.340 883 1.331 806 1.322 868 1.314 007 1.305 206 1.296 477
[Bdmin][ Al,Cl; ] 1.323 338 1.314 557 1.305 822 1.297 070 1.288 321 1.279 415
[Hmin][ Al Cl; ] 1.295 968 1.287 449 1.278 885 1.270 324 1.261 822 1.253 400

x2 REZBNXREHNIERETRENZTENGSHY

Tab.2 Fitted empirical parameters for the density of chloroaluminate ionic liquids based on Equation (1)

BTk A/(g+cm ®) 10°B/(g+em %« K1) 107C/(g+scm ° « K 2) R? 10°S
[Bmin][Al;Cl; ] 1.642 19 —1.147 66 4.085 71 0.999 9 1.847 8
[Bdmin][Al,Cl; ] 1.568 28 —0.799 98 —1.216 07 0.999 9 4.350 2
[Hmin][Al,Cl; ] 1.558 99 —0.935 52 1.308 92 0.999 9 3.428 7
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Tab.3 The viscosity » of chloroaluminate ionic liquids at different temperatures mPa - s
[ERRIES 293.15 K 303.15 K 313.15 K 323.15 K 333.15 K 343.15 K
[Bmin][Al;Cl; ] 22.54 16.73 12.87 10.17 8.23 6.82
[Bdmin][ Al;Cl; ] 44,11 30.37 21.89 16.43 12.73 10.12
[Hmin][ Al Cl; ] 31.91 22.61 16.80 12.96 10.29 8.36
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Fig.1 The density p of chloroaluminate ionic liquids Fig.2 The viscosity n of chloroaluminate ionic
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Tab.4 Fitted empirical parameters for the viscosity of chloroaluminate ionic liquids based on Equation VFT(a)

Bk 70/ (mPa « s) B/K To/K R? S
[Bmin][ Al Cl; ] 0.174 745.4 139.8 0.999 9 0.009 1
[Bdmin][ Al,Cl; ] 0.233 676.6 164.1 0.999 9 0.082 8
[Hmin][ Al Cl; ] 0.199 704.7 154.3 0.999 9 0.054 4

K5 SHRBRETREEFTREBETHRSE

Tab.5 The electrical conductivity « of chloroaluminate ionic liquids at different temperatures mS e+ cm™!

Bk 293.15 K 303.15 K 313.15 K 323.15 K 333.15 K 343.15 K
[Bmin][ AL, Cl; ] 8.03 10.51 13.44 16.61 20.08 23.95
[Bdmin][ Al;Cl; ] 6.35 8.61 11.27 14.31 17.63 21.42
[Hmin][ AL Cl7 ] 7.22 9.58 12.31 15.40 18.84 22.61

F6 RMEVITAX(D)FKENERBEFRENBSEENESH

Tab.6 Fitted empirical parameters for the electrical conductivity of chloroaluminate ionic liquids based on Equation VFT(b)

RN ©o/(mS + em™1) B/K T,/K R? S
[Bmin][Al;Cl; ] 873.13 770.5 128.7 0.999 9 0.050 7
[Bdmin][ Al,Cl; ] 832.51 733.5 142.7 0.999 9 0.031 8
[Hmin][ AL Cl; ] 855.08 760.3 133.8 0.999 9 0.002 8
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Fig.4 The optimized molecular structure of ionic liquids obtained by theoretical calculations
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Tab.7 The length of some hydrogen bonds in chloroaluminate ionic liquids nm
BTk C2—H---Cl C9—H---Cl Cl13—H---Cl C34—H---Cl
[Bmin][ AL,Cl; ] 0.261 6 0.272°5 0.284 7 —
[Bdmin][ Al;Cl; ] 0.274 0/0.275 1 0.281 1 0.269 8/0.293 7
[Hmin][ AL Cl7 ] 0.268 7 0.273 4 0.280 2/0.291 5 —
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PRI 75 01 5 K A 2 AL RS B0 I SRR ) 286 B8 A ke 17 8¢ v ) L 3 33X 30 D 0 1 VRS 8 R IR AR 28
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The density, viscosity and electrical conductivity of three chloroaluminate-based ionic liquids

Zheng Yong,Zheng Yongjun, Tian Dayong, Wang Zhen, Hou Shaogang

(Department of Chemical and Environmental Engineering, Anyang Institute of Technology, Anyang 455000, China)

Abstract: Three typical chloroaluminate-based ionic liquids were synthesized. The density, viscosity and electrical con-
ductivity of these ionic liquids were measured by high-precision vibrating tube densimeter, automated falling ball microviscome-
ter and conductivity meter, respectively. All the experimental data have been well fitted by the empirical equations. The corre-
sponding adjustable parameters were also obtained. On this basis, theoretical calculations were carried out to investigate the
structure-activity relationship of these ionic liquids. On the one hand it showed that chloroaluminate-based ionic liquids had
higher density, lower viscosity and higher electrical conductivity than many other ionic liquids. The increasing length of alkyl
chain on the cation reduced molecular symmetry, which was unfavorable to the close packing of ions. In this case, the density
of ionic liquids decreased. On the other hand, the increasing viscosity reduced electrical conductivity of ionic liquids when the
cation-anion interaction energy and hydrogen bonding was enhanced.

Keywords: ionic liquids; chloroaluminate; density; viscosity;electrical conductivity
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