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ABSTRACT: The density, viscosity, conductivity, and heat capacity of 1-hexyl-3-methylimidazolium hexafluorophosphate
([C¢mim][PFg]) and 1-hexyl-3-methylimidazolium tris(perfluoroalkyl)trifluorophosphate ([Cgmim][(C,Fs)sPF3]) were mea-
sured in the (293.15 to 343.15) K range. According to these experimental and estimated results, the coefficients of thermal expansion
and conductivity apparently increase from [Csmim][PF4] to [Csmim][(C,Fs);PF;], while the crystal energy, the temperature
dependence of the heat capacity, and viscosity greatly decrease from [Cgmim][PF¢] to [Csmim][(C,Fs);PF;] in the examined
temperature range. These comparisons were combined to assess the effect of the replacement of three F atoms of the
hexafluorophosphate anion by three hydrophobic C,Fs-groups on the physicochemical properties of [Csmim][PF4] and

[Cemim][(C,Fs);PF;].

H INTRODUCTION

Ionic liquids (ILs) have been recognized as novel designable
solvents, which are liquids over a wide temperature range.* ILs
have unique properties such as negligible vapor pressure, high ion
conductivity, outstanding catalytic property, and high thermal
stability. One of the most important advantages is that ILs can be
tuned by tailoring their cationic and anionic structures to
optimize their physical and chemical properties.' >

Recently, a new class of ILs containing tris(perfluoroalkyl)
trifluorophosphate (FAP) anions were developed by Merck
KGaA as replacements for ILs containing the [PF¢] ™~ anion.*”
One of the most peculiar properties exhibited by these ILs is their
strong hydrophobic nature.® It has been shown to be a promising
means of overcoming the hydrolytic instability of these ILs
containing FAP anions® and is much less than that of ILs
containing the bis[(trifluoromethyl)sulfonyl]imide ([Tf,N]")
anion and more than 10 times less than that of ILs consisting of
the [PFq]™ anion.®'° This group of ILs show excellent hydro-
Iytic, thermal, and electrochemical stability, and so on.> "7 These
excellent characteristics make them ideal candidates in
synthesis,"" solvents,'”'> electrochemistry media,"* gas absorp-
tion, and battery applications.l“_17 Brennecke and co-workers
found that the FAP-based ILs possessed higher CO, solubility
than most other ILs, which was believed to be due to the
increased fluoroalkyl chain.'*

All of these applications clearly indicate that the FAP anion
imparts unique attractive characteristics to the IL, so it is
important to study the physicochemical properties of FAP-based
ionic liquids. Ignat'ev et al. reported conductivity and viscosity of
ionic liquids with FAP anions at 293.15 K.'® Anderson et al.
reported viscosities, densities, and surface tensions of four FAP-
based ionic liquids at 298.15 K.' Liu et al. reported densities and
surface tensions of [C,mim][(C,Fs);PF;] in the (283.15 to
338.15) K range."” Minami et al. reported glass transitions and
viscosity at (313.15 and 373.15) K of [C,mim][(C,Fs);PF;]
(n=2,6, 18).20 However, relative few references have been made
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on a systematic study on the physicochemical properties on FAP-
based ionic liquids at different temperatures and compared them
to [PFs] -based ionic liquids. Furthermore, the conductivities of
imidazolium-based ionic liquids at different temperatures are
scarce. Therefore, in this paper the density, conductivity, viscos-
ity, and heat capacity were measured for pure [Csmim][PF;] and
[Cg¢mim][(C,Fs);PF;] in the (293.15 to 343.15) K range, and
they were combined to assess the effect of the replacement of
three F atoms of the hexafluorophosphate anion by three
hydrophobic C,Fs-groups on the physicochemical properties
of [C¢mim][PFg4] and [Cgmim][(C,Fs);PF;].

B EXPERIMENTAL DETAILS

Chemicals. [Cgmim][(C,Fs)3PF;] was purchased from
Merck with a claimed purity of greater than 0.99.
[C¢mim][PFs] was prepared by well-established procedures
described in previous works, with the purity of greater than
0.99.>"*> The ionic liquids were dried under vacuum over CaCl,
for 2 days at 343 K and were then further dried with 3 A
molecular sieves for several days immediately prior to use. The
water content of these ionic liquids after this drying, as measured
by Karl Fisher titration, was less than 0.012 mass fraction.

Density. Densities of ionic liquids were measured using a
KEM oscillating-tube digital densimeter (DA-50S) thermo-
statted to better than 4 0.01 K as our previous work.”> The
temperature in the measuring cell was monitored with a digital
thermometer. The densimeter was calibrated with double-dis-
tilled water and dry air. The densities of water at different
temperatures were obtained from the literature. The densities
of dry air at different temperatures were taken. The uncertainty in

density measurements was £ 5-10"° g-cm .
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Viscosity. The viscosity measurement was carried out by a
Brookfield DV-I viscometer with a small sample adapter, and the
uncertainty was &= 1 %. The temperature was controlled in the
range of (293.15 to 343.15) K by a Brookfield TC-502D
circulation-type thermo-regulated water bath with a temperature
stability of & 0.1 K. The temperature was held fixed for at least 30
min at each selected temperature to get a more accurate and
stable sample temperature.

Conductivity. The conductivity measurements were carried
out with a Mettler Toledo SevenEasy conductivity meter calibrated
with standard aqueous potassium chloride solutions as our pre-
vious work, and the uncertainty was & 0.5 %.”* During measure-
ments, the cell was immersed in a model S01A thermostatic bath
filled with silicone oil. The bath temperature was kept constant to
within £ 0.05 K. The temperature was measured with a Pt100
probe with an evaluating standard uncertainty of &= 0.006 K.

MDSC (Modulated Differential Scanning Calorimeter).
The heat capacity was measured with a differential scanning
calorimeter (DSC), model TA Q2000, and the uncertainty was
within £ 3 %. The method and theory of MDSC have already
been presented in numerous publications.”> For MDSC several
types of experiments exist depending on how the parameters
underlying heating rate, temperature amplitude, and modulation
period T =27t/ w are chosen. In this study, a heat-iso temperature
profile has been applied to measure the heat capacities of the
ionic liquids. The MDSC experiments have been carried out with
a constant heating rate of 2 K-min ™' in an inert atmosphere (N,
atmosphere) using sealed aluminum pans, a temperature ampli-
tude of £ 0.531 K, and a modulation period of 100 S.

B RESULTS AND DISCUSSION

The measured densities, conductivities, and viscosities of pure
[Cemim][PF¢] and [Cgmim][(C,Fs);PF;] in the (293.15 to
343.15) K range are shown in Tables 1 and 2. The results were
compared with the values reported in literature,"”'®*® and the
agreements of density and viscosity of [C¢mim][PFg] at some
temperatures and the density, viscosity, and conductivity of
[Cmim][(C,Fs);PF;] at 293.15 K are good. We must point
out that the conductivity of [Cgmim][PF¢] at 295 K*” is much
higher than our conductivity data of [Cgmim][PFs] at 293.15 K
(11 mS+-cm ™" at 295 K vs 0.388 mS-cm ™ ' at 293.15 K). The
conductivity of [Cgmim][PF¢] at 295 K*” is also more than 3
times higher than the literature data at 298.15,>® which might be
due to contaminated water which was involved during measure-
ment making their conductivity’” higher.

Experimental values of In p for [Cgmim][PF¢] and [Cgmim]
[(C,Fs);PF;] against T were fitted to the following equation:

Inp =a+bT (1)

where p is the density, T is the absolute temperature, and a and b
are fitting parameters. The coefficient of thermal expansion for
[Cemim][PF¢] and [Cgmim ][ (C,Fs);PF;], Q.,, is defined by the
following equation:

o, = 1/V(aV/dT), = — (31np/dT), (2)

where Vis the molar volume of pure IL. Then, o, = —b = 6.20+ 10°*
K ! for [Cemim][PFq] is obtained from the slope of the fitting
line, with a deviation of 4.1-10" 4 and o,=—b=701: 104K for
[Comim][(C,Fs)3PFs] is obtained from the slope of the fitting line,
with a deviation of 1.5+10™*. Generally, the practical IL use was
under 373.15 K, with a straight line for In p versus T in this

Table 1. Density, Conductivity, and Viscosity of
[Cemim][PFq] in the (293.15 to 343.15) K Range

0/(g-em?) 0/(mS-cm™") 7/(mPa-S)

ujie exp. ref exp. exp. ref 26a
29315 12967  12972*® 0.388 693.1 705.1
298.15 12929  1.2932*® 0.543 485.8 496.4
303.15 12887  1.2892*% 0.74 350.9 356.8
308.15 12851  1.2849%% 0.992 255.4
31315 12810  1.2812*® 1.301 189.4 197.0
31815 12770 12771%%® 1.683 147.5
32315 12730 12734*® 212 114.7 117
32815 12691  1.2694*% 2.64 91.1
33315 12652 12654 322 73.5
33815 12612 12613** 3.91 60.0
343.15 12570 4.65 49.6

Table 2. Density, Conductivity, and Viscosity of
[Cemim][(C,Fs);PF;] in the (293.15 to 343.15) K Range

0/(g-cm™?) 0/(mS-cm™") 7/(mPa-S)
i exp. ref 10 exp. ref 18 exp. ref 10
293.15 1.5556 1.557 1.303 1.32 114.3 119
298.15 1.5501 1.665 88.2
303.15 1.5447 2.09 68.4
308.15 1.5393 2.58 54.1
31315 1.5339 313 432
318.15 1.5287 3.74 35.1
323.15 1.5235 44 289
328.15 1.518 S.14 244
333.15 1.5126 5.93 20.3
338.15 1.5072 6.76 17.3
343.15 1.5018 7.69 14.8

temperature range, so the coefficient of thermal expansion for each
typical IL could be considered as a constant. The coefficient of
thermal expansion for [Csmim][PFs] and [ Cgmim][(C,Fs)3PF;]
is in the common range for typical ILs*>*° and is much lower than
conventional molecular solvents.*" It can be concluded from the
coefficient of thermal expansion of [Csmim][PFg] and [Cgmim]
[(CyFs)sPF;] (6.16-10 K ' vs 7.01-10* K ') that the volume
variation of [Cgmim][(C,Fs);PF;] is much more temperature-
dependent than that of [Cgmim][PF¢] due to the looser package
of ionic networks of [ Cgmim][(C,Fs);PF;].

From the values of the densities, the molecular volumes of
[Csmim][PF¢] and [Cgmim][(C,Fs);PF5], V,,, were calculated
using the following equation:

Vin (nm®) = M/(N-p) (3)

where M is molar mass and N is Avogadro's constant; then V,, =
04009 nm’ for [Cgmim][PF4] and V,, = 0.6559 nm® for
[Csmim][(C,Fs);PF3] at 298.15 K were obtained. Apparently,
the molecular volume of [Cgmim][(C,Fs);PF;] is much larger
than that of [ Csmim][PFg]. According to Glasser's theory,32 crystal
energies (Upor) of [Cemim][PFg] and [Cgmim][(C,Fs);PF;]
could be calculated as follows:

Upor (K -mol 1) = 2(117.3/V/? 4 51.9) (4)
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Figure 1. Temperature dependence of (a) viscosities and (b) conductivities of [Cgmim][PF¢] and [Cgmim][(C,Fs);PF;].

Table 3. Heat Capacity of [Csmim][PF¢] in the (293.15 to
343.15) K Range

T G, T G, T G,
K J-K'mol' K J-K'mol' K J.K"'mol'
293.15 422 31115 431 329.15 442
295.15 423 313.15 432 33115 444
297.15 423 315.15 433 333.15 445
299.15 424 317.15 435 335.15 447
301.15 425 319.15 436 337.15 448
303.15 427 32115 437 339.15 449
305.15 428 323.15 438 34115 451
307.15 429 325.15 439 343.15 452

309.15 430 327.15 441

Table 4. Heat Capacity of [Csmim][(C,Fs);PF;] in the
(293.15 to 343.15) K Range

T G, T G, T G,

K J.K'mol™' K J-K'mol' K J.K"'mol'
293.15 726 31115 742 329.15 757
295.15 727 313.15 743 331.15 759
297.15 729 315.15 745 333.15 760
299.15 731 317.15 747 335.15 761
30115 732 319.15 749 337.15 763
303.15 734 32115 750 339.15 765
305.15 736 323.15 752 34115 766
307.15 738 325.15 753 343.15 768

309.15 740 327.15 755

Then Upor = 422 kJ-mol " for [Cemim][PF4] and Upor = 374
KkJ-mol ™" for [Cgmim][(C,Fs);PF;] were estimated at 298.15 K. It
is evident that the crystal energy of [Cgmim][(C,Fs)3sPF;] is less
than that of [ Csmim][PF4] at room temperature, which means that
the ionic network of [ Cgmim][PF] is more closely packed than that
of [Cemim][(C,Fs);PFs].

The measured conductivities and viscosities of [ Cgmim ][ PF]
and [Cemim][(C,Fs)3PF;] in the (293.1S to 343.15) K range
are illustrated in Figure 1 parts a and b, respectively.

It is clear that the conductivities increase with increasing the tem-
perature, and the viscosities decrease with increasing the tempera-
ture for [ Csmim ][ PF4] and [ Cgmim][(C,Fs)3PF;]. The viscosity
greatly decreases from [Cgmim][PFq] to [Cgmim][(C,Fs)3PF;]
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Figure 2. Temperature dependence of In C, of [Cemim][PF¢] and
[Cgmim] [(C2F5)3PF3]-

in the examined temperature range, with the opposite order for
the conductivity, so it can be concluded that the replacement of
three F atoms in the [PF4] ™ by three hydrophobic C,Fs-groups
makes [(C,Fs)3;PF;] ™ a new weakly coordinating anion.

The measured heat capacities of [Csmim][PFs] and
[Csmim][(C,Fs);PF;] in the (293.15 to 343.15) K range are
shown in Tables 3 and 4. The heat capacities of [Cgmim][PFs]
were compared with the values reported by Rogers et al.,” and
the agreements at some temperatures are good. As shown in
Figure 2, experimental values of In C, for [C¢mim][PF¢] and
[Csmim][(C,Fs)sPF;] against T were fitted to In C,=a+ bT,
respectively, where C, is heat capacity, T is the absolute
temperature, and a and b are fitting parameters.

The temperature dependence of the heat capacity for
[Cemim][PF¢] and [Cemim][(C,Fs)3PFs], 4, is defined by

U, = 1/G(3G,/aT), = (31n C,/3T), (5)

Then, u, = 141+ 10 K ! for [Cgmim][PFy] is obtained from the
slope of the fitting line, with the deviation of 1.89+ 10* and Uy =
1.14-10 > K ! for [Cgmim][(C,Fs);PF;] is obtained from the
slope of the fitting line, with the deviation of 2.36- 10~ *. Although
the heat capacity of [ Csmim] [ (C,Fs);PF;] is much larger than that
of [Cemim][PFg], the temperature dependence of the heat capacity
follows the order [ Cgmim][PFg] > [Csmim][(C,Fs)3PF5] due to
the looser package of ionic networks of [Csmim][(C,Fs)3PFs],
which agrees with the orders of crystal energy and viscosity
[Cemim][PF¢] > [Comim][(C,Fs)3PFs].
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Bl CONCLUSIONS

In conclusion, the density, viscosity, conductivity, and heat
capacity of [Cemim][PFs] and [Cgmim][(C,Fs)sPF;] were
measured in the (293.15 to 343.15) K range and at atmospheric
pressure in this work. In terms of physicochemical properties of
[Cemim][PF¢] and [Cgmim][(C,Fs);PF5] and their estimated
properties, [Csmim][PF] has a closer package of ionic networks
than that of [Cgmim][(C,Fs)3PF3]. The replacement of three F
atoms of the [PF4] ™ by three hydrophobic C,Fs-groups makes
[(C,Fs)3PF3] ™ a new weakly coordinating anion.

It is important to understand how the unique properties of
FAP-based ILs differ from those containing other similar anions.
The purpose for studying FAP-based ILs is not only for its
importance but also for its unique structure, and it can give us a
new angle for our further study.

Bl AUTHOR INFORMATION

Corresponding Author
*Tel.: 4-86-10-89732658. E-mail: huyf3581@sina.com.

Funding Sources

The authors thank the National Natural Science Foundation of
China (20976189 and 21076224) and the Program for New
Century Excellent Talents in University of Ministry of Education
of China (NCET-06-0088) for financial support.

B REFERENCES

(1) Welton, T. Room-temperature Ionic Liquids. Solvents for
Synthesis and Catalysis. Chem. Rev. 1999, 99, 2071-2083.

(2) Wasserscheid, P.; Keim, W. Ionic liquids—New “Solutions” for
Transition Metal Catalysis. Angew. Chem., Int. Ed. 2000, 39, 3772-3789.

(3) Dupont, J.; de Souza, R. F.; Suarez, P. A. Z. Ionic Liquid (molten
salt) Phase Organometallic Catalysis. Chem. Rev. 2002, 102, 3667-3692.

(4) Huang, J.; Jiang, T'; Gao, H. X,; Han, B. X,; Liu, Z. M.; Wu, W. Z,;
Chang, Y. H.; Zhao, G. Y. Pd Nanoparticles Immobilized on Molecular
Sieves by Ionic Liquids: Heterogeneous Catalysts for Solvent-free
Hydrogenation. Angew. Chem., Int. Ed. 2004, 43, 1397-1399.

(5) Welton, T. Ionic Liquids in Catalysis. Coord. Chem. Rev. 2004,
248, 2459-2477.

(6) Ignat'ev, N.; Sartori, P. Electrochemical Fluorination of Trialk-
ylphosphines. Fluorine Chem. 2000, 103, 57-61.

(7) Heider, U; Hilarius, V.; Sartori, P.; Ignat'ev, N. Merck Patent
WO 00/21969, WO 00/21969, GmbH, Darmstadt, Germany.

(8) O'Mahony, A. M,; Silvester, D. S.; Aldous, L.; Hardacre, C,;
Compton, R. G. Effect of Water on the Electrochemical Window and
Potential Limits of Room-temperature Ionic Liquids. J. Chem. Eng. Data
2008, 53, 2884-2891.

(9) Swatloski, R. P.; Holbrey, J. D.; Rogers, R. D. Ionic Liquids Are
Not Always Green: Hydrolysis of 1-Butyl-3-Methylimidazolium Hexa-
fluorophosphate. Green Chem. 2003, 5, 361-363.

(10) Yao, C.; Pitner, W. R.; Anderson, J. L. Ionic Liquids Containing
the Tris(pentafluoroethyl)trifluorophosphate Anion: A New Class of
Highly Selective and Ultra Hydrophobic Solvents for the Extraction of
Polycyclic Aromatic Hydrocarbons Using Single Drop Microextraction.
Anal. Chem. 2009, 81, 5054-5063.

(11) Zein El Abedin, S.; Borissenko, N.; Endres, F. Electropolymer-
ization of Benzene in a Room Temperature Ionic Liquid. Electrochem.
Commun. 2004, 6, 422-426.

(12) Duffy, N. W.; Bond, A. W. Macroelectrode Voltammetry in
Toluene Using a Phosphonium—phosphate Ionic Liquid as the Sup-
porting Electrolyte. Electrochem. Commun. 2006, 8, 892-898.

(13) Millefiorini, S.; Tkaczyk, A. H.; Sedev, R.; Efthimiadis, J.;
Ralston, J. Electrowetting of Ionic Liquids. J. Am. Chem. Soc. 2006,
128, 3098-3101.

(14) Muldoon, M. J.; Aki, S. N. V. K;; Anderson, J. L.; Dixon, J. K;
Brennecke, J. F. Improving Carbon Dioxide Solubility in Ionic Liquids.
J. Phys. Chem. B 2007, 111, 9001-9009.

(15) Endres, F.; MacFarlane, D.; Abbott, A. Electrodeposition from
Ionic Liquids; Wiley-VCH: New York, 2008.

(16) Hu, Y. F; Liu, Z. C; Xu, C. M; Zhang, X. M. The molecular
characteristics dominating the solubility of gases in ionic liquids. Chem.
Soc. Rev. 2011, DOI: 10.1039/c0cs00006;.

(17) Dyson, P. J.; Laurenczy, G.; Ohlin, A.; Vallance, J.; Welton, T.
Determination of Hydrogen Concentration in Ionic Liquids and the
Effect (or lack of) on Rates of Hydrogenation. Chem. Commun. 2003,
19, 2418-2419.

(18) Ignatev, N. V,; Welz-Biermann, U.; Kucheryna, A.; Bissky, G.;
Willner, H. New Ionic Liquids with Tris(perfluoroalkyl)trifluorophosphate
(FAP) Anions. J. Fluorine Chem. 2008, 126, 1150-1159.

(19) Liu, Q.-S; Tong, J.; Tan, Z.-C.; Welz-Biermann, U,; Yang, ].-Z.
Density and Surface Tension of Ionic Liquid [Comim][PF5(CF,CF3);]
and Prediction of Properties [ C,mim][PF;(CF,CF3)3] (n=1,3,4,5,6).
J. Chem. Eng. Data 2010, 55, 2586-2589.

(20) Minami, I; Kita, M.; Kubo, T.; Nanao, H.; Mori, S. The
Tribological Properties of Ionic Liquids Composed of Trifluorotris-
(pentafluoroethyl) Phosphate as a Hydrophobic Anion. Tribol. Lett.
2008, 30, 215-223.

(21) Hu, Y. F; Guo, T. M. Effect of the Structures of Ionic Liquids
and Alkylbenzene-derived Amphiphiles on the Inhibition of Asphaltene
Precipitation from CO,-injected Reservoir Oils. Langmuir 2005,
21, 8168-8174.

(22) Berg, R'W,; Deetlefs, M.; Seddon, K. R; Shim, L; Thompson, J. M.
Raman and ab initio Studies of Simple and Binary 1-Alkyl-3-Methylimida-
zolium Ionic Liquids. J. Phys. Chem. B 2005, 109, 19018-19025.

(23) Hu, Y.-F; Jin, C.-W,; Ling, S.; Zhang, J.-Z. Densities of the
Ternary Systems Y(NO;); + Ce(NO3); + H,O, Y(NO3); + Nd-
(NO3); + H,0, and Ce(NO3); + Nd(NO;); + H,O and Their Binary
Subsystems at Different Temperatures. J. Chem. Eng. Data 2010,
§S, 5031-503S.

(24) Li J.-G.; Huy, Y.-F; Jin, C.-W.; Chu, H.-D.; Peng, X.-M; Liang,
Y.-G. Study on the Conductivities of Pure and Aqueous Bromide-Based
Ionic Liquids at Different Temperatures. J. Solution Chem. 2010, 39,
1877-1887.

(25) (a) Diedrichs, A.; Gmehling, ]. Measurement of Heat Capa-
cities of Ionic Liquids by Differential Scanning Calorimetry. Fluid Phase
Equilib. 2006, 244, 68-77. (b) Ganguly, A.; Bhowmick, A. K; Li, Y.
Insights into Montmorillonite Nanoclay Based ex Situ Nanocomposites
from SEBS and Modified SEBS by Small-Angle X-ray Scattering and
Modulated DSC Studies. Macromolecules 2008, 41, 6246-6253.

(26) (a) Harris, K. R.; Kanakubo, M.; Woolf, L. A. Temperature and
Pressure Dependence of the Viscosity of the Ionic Liquids 1-Hexyl-3-
methylimidazolium Hexafluorophosphate and 1-Butyl-3-methylimida-
zolium Bis(trifluoromethylsulfonyl)imide. J. Chem. Eng. Data 2007,
52, 1080-1085. (b) Li, J. G,; Hu, Y. F; Chu, H. D;; Jin, C. W,; Liu,
Z. C. Study on the Thermodynamic Properties of Ionic Liquids
[Csmim][PF4] and [Cgmim][PF¢]. J. Nat. Sci. Heilongjiang Univ.
2009, 26, 675-679.

(27) Fitchett, B. D.; Knepp, T. N.; Conboy, J. C. 1-Alkyl-3-methy-
limidazolium Bis(perfluoroalkylsulfonyl)imide Water-Immiscible Ionic
Liquids. J. Electrochem. Soc. 2004, 151, 219-225.

(28) Kanakubo, M.; Harris, K. R.; Tsuchihashi, N.; Ibuki, K.; Uenoc,
M. Temperature and Pressure dependence of the Electrical Conductivity
of the Ionic Liquids 1-methyl-3-octylimidazolium Hexafluorophosphate
and 1-methyl-3-octylimidazolium Tetrafluoroborate. Fluid Phase Equilib.
2007, 261, 414-420.

(29) Yang,J.Z; Lu, X. M; Gui, J. S.; Xu, W. G. A New Theory for
Tonic Liquids—the Interstice Model. Part 1. The Density and Surface
Tension of Ionic Liquid EMISE. Green Chem. 2004, 6, 541-543.

(30) Li, J.-G.; Hu, Y.-F; Sun, S.-F; Liu, Y.-S.; Liu, Z.-C. Densities
and Dynamic Viscosities of the Binary System (Water + 1-Hexyl-3-
Methylimidazolium Bromide) at Different Temperatures. J. Chem.
Thermodyn. 2010, 42, 904-908.

3071 dx.doi.org/10.1021/je200073x |J. Chem. Eng. Data 2011, 56, 3068-3072



Journal of Chemical & Engineering Data

(31) Gu, Z.; Brennecke, J. F. Volume Expansivities and Isothermal
Compressibilities of Imidazolium and Pyridinium-Based Ionic Liquids.
J. Chem. Eng. Data 2002, 47, 339-345.

(32) Glasser, L. Lattice and Phase Transition Thermodynamics of
Ionic Liquids. Thermochim. Acta 2004, 421, 87-93.

(33) Holbrey, J. D.; Reichert, W. M.; Reddy, R. G.; Rogers, R. D. In
Ionic Liquids as Green Solvents; ACS Symposium Series; American
Chemical Society: Washington, DC, 2003; Chapter 11.

3072

dx.doi.org/10.1021/je200073x |J. Chem. Eng. Data 2011, 56, 3068-3072



