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Density and Heat Capacity as a Function of Temperature for Binary Mixtures of
1-Butyl-3-methylpyridinium Tetrafluoroborate + Water, + Ethanol, and +
Nitromethane

Gonzalo Garca-Miaja, Jacobo Troncoso, and Luis Romarti

Departamento de’Bica Aplicada, Universidad de Vigo, Facultad de Ciencias, Campus As Lagoas, 32004, Ourense, Spain

Experimental measurements of density and isobaric molar heat capacity for the binary systems containing ionic
liquid 1-butyl-3-methylpyridinium tetrafluoroborate water,+ ethanol, and+ nitromethane are presented within

the temperature range (293.15 to 318.15) K at atmospheric pressure. From these data, excess molar volumes and
excess molar isobaric heat capacity are calculated and discussed based on arguments often used for the study of
liquid mixtures.

Introduction Table 1. Densities forx [bpyr][BF 4] + (1 — x) Water at
Temperature T

In recent years, room-temperature ionic liquids (RTILs) have

become a major topic of interest in scientific research due to TK

their possible applications in new environmentally friendly X 29315 29815 30315 30815 31315 31815
industrial processé's1? RTILs are organic molten salts that are plg-cm™3

liquid at room temperature. The most interesting properties of 0 09982 0.9971  0.9957 09941 ~ 0.9922  0.9902

.0494 1.0660 1.0633 1.0604 1.0575 1.0545 1.0513
these compounds are that they have a low vapor pressure andg 9973 1.0959 1.0927 10894 1.0860 1.0825 1.0790

are liquid over a broad temperature and pressure range. Although0.2312  1.1397 1.1360 1.1323 1.1287 1.1250 1.1212
some works have dealt with the study of the capability of RTILs 0.3559  1.1573  1.1536  1.1500 1.1464 11427 1.1391
as solventd;34there are few papers devoted to the study of the 04035 1.1618 11582 11545 11509  1.1473 11437

thermodynamics of mixtures of RTIL$ common solvents 05195  1.1679 11643 1.1608 11572 11537 1.1502
Yy J 0.7087 1.1795 1.1760 1.1725 1.1691 1.1656 1.1622

especially with regard to the study of thermal properties such 97512 1.1812 1.1778 1.1743 1.1708 1.1674 1.1639
as enthalpy or heat capacfty*1® It is worth noting that most 0.8838 1.1832 1.1798 11763 1.1729 1.1695 1.1661
of these works study imidazolium-based RTILs, whereas there 1 11886 11852 11817 1.1783 11749 11716
are few papers devoted to other kinds of RTILs. This Work 1..1c 2 Dpensities forx [bpyr[BF 4 + (1 — X) Ethanol at

focuses on the study of density and heat capacity of binary Temperature T

mixtures of the pyridinium-based RTIL 1-butyl-3-methylpyri-

dinium tetrafluoroborate, [BPyr][BF, with three different K

common solvents: water, ethanol, and nitromethane, compounds X 29315 29815 30315 308.15 31315 31815

that present an evident technological significance and have quite o 0789  0.7853 p/géc%‘lao 07767 07793 07678

different chemical structures that allow studying different RTIL : : : : : :

+ solvent interactions. This informationy cgn provide an 0.0073 08005 0.7963  0.7920  0.7876 07833 0.7789
_ ; 0.0126 0.8078 0.8035 0.7993 0.7949 0.7906  0.7862

understanding of the thermodynamics of the RHtLsolvent 0.0231 08215 0.8173 0.8130 0.8088 0.8045 0.8003

mixtures. Therefore, densities and isobaric heat capacity were 0.0512 0.8551  0.8510 0.8468 0.8426 0.8384  0.8341
measured in the temperature interval from (293.15 to 318.15) 0.1003  0.9041  0.9001  0.8960  0.8919  0.8878  0.8837

. 0.2569 1.0103 1.0064 1.0026 0.9987 0.9948  0.9909
K at atmospheric pressure. Fr_om these dgta, excess molar0_3847 10654 10616 10579 10542 10504 10467
volume and excess molar isobaric heat capacity were calculated, g 4841  1.0971 1.0934 1.0897 1.0861 1.0824 1.0787

since excess properties indicate how a mixture deviates from 0.5963 1.1249 1.1213 1.1177 1.1142 11106 1.1071
ideal behavior and, therefore, can give information about the 0.7107  1.1480  1.1445 1.1409 11374 11339 1.1304

: 07966 11622 11587 11552 11517 11483 1.1448
structure of the mixture. 09514 11831 11796 11762 11728 11694 1.1660
1 11886 11852 11817 11783 11749 1.1716

Experimental Section

Materials. Nitromethane was supplied from Fluka in a purity D Prior to use to eliminate volatile compounds. No decomposi-
higher than 98.5 mass %, ethanol from Probus in a purity higher 0N of the RTIL is observed at experimental conditions. The
than 99.5 mass %, and [BPyr][BFrom Solvent Innovation water mass fraction of the dried RTIL was determined by Karl
in a purity higher than 99 mass %. Ethanol and nitromethane Fisher titration, andllt was found to be1.2:1073. MilliQ water
were dried over Fluka-type 0.3 nm molecular sieves before use.Was used, after being degassed_.

The ionic liquid was dried in a vacuum @t= 333.15 K for 48 Apparatus and Procedure Mixtures were prepared by
weighing on a Mettler AE-240 balance, and the uncertainty in

*To whom correspondence should be addressed. E-mail: romani@ the mole fra?t'on was eSt'mate.d to Hﬁl-lﬁ‘f. Densities,p,

uvigo.es. were determined using a vibrating tube densimeter (Anton Paar
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Table 3. Densities forx [bpyr][BF4] + (1 — x) Nitromethane at

Temperature T

Table 6. Isobaric Molar Heat Capacities for x [bpyr][BF 4] + (1 —
x) Ethanol at Temperature T

TIK TIK
X 293.15 298.15 303.15 308.15 313.15 318.15 X 293.15 298.15 303.15 308.15 313.15 318.15
plg-cm3 Cp/Jrmol~1-K 1
0 1.1402 1.1334 1.1266 1.1197 1.1129 1.1060 0 111.3 113.3 115.3 117.5 119.7 122.1
0.0517 1.1534 1.1474 1.1413 1.1353 1.1292 1.1231 0.0073 113.6 1154 117.3 1195 121.7 124.1
0.1038 1.1615 1.1560 1.1505 1.1449 1.1394 1.1339 0.0126 115.2 117.1 119.1 121.2 123.3 125.6
0.1952 1.1703 1.1654 1.1604 1.1555 1.1506 1.1456 0.0231 119.1 120.9 122.7 124.7 126.7 128.8
0.3078 1.1767 1.1722 1.1678 1.1633 1.1588 1.1544 0.0512 129.4 131.0 132.6 134.3 136.0 137.9
0.3563 1.1787 1.1743 1.1700 1.1657 1.1614 1.1571 0.1003 146.4 147.5 148.7 150.1 151.6 153.2
0.3998 1.1801 1.1759 1.1716 1.1674 1.1632 1.1591 0.2569 190.3 191.3 192.4 193.6 194.9 196.2
0.5121 1.1830 1.1790 1.1750 1.1710 1.1670 1.1631 0.3847 223.7 224.8 226.0 227.2 228.5 229.8
0.5994 1.1846 1.1807 1.1769 1.1731 1.1692 1.1654 0.5031 252.6 254.2 255.7 257.3 258.9 260.4
0.6856 1.1858 1.1821 1.1783 1.1746 1.1709 1.1672 0.5963 276.9 278.5 280.1 281.8 283.5 285.3
0.7863 1.1869 1.1833 1.1797 1.1761 1.1725 1.1690 0.6919 301.6 303.4 305.3 307.3 309.4 3115
0.8842 1.1877 1.1842 1.1807 1.1772 1.1737 1.1703 0.7784 324.5 326.6 328.9 331.1 3335 335.9
0.9034 1.1879 1.1844 1.1809 1.1774 1.1740 1.1705 0.8711 350.0 352.1 354.4 356.9 359.5 362.2
0.9410 1.1882 1.1848 1.1813 1.1779 1.1744 1.1710 0.8923 355.9 358.1 360.5 363.0 365.7 368.5
1 1.1886 1.1852 1.1817 1.1783 1.1749 1.1716 0.9514 372.8 375.1 377.4 379.7 382.0 384.4
1 385.8 387.7 390.1 392.8 395.9 399.3
Table 4. Equation 3 Coefficients forVE
T A A As A Table 7. Isobaric Molar Heat Capacities for x [bpyr][BF 4] + (1 —
: 2 x) Nitromethane at Temperature T
K cm®molt cm*mol~! cmPmol~t cmimol™t  »? TIK
[bpyrl[BF,] + 298.15  2.232 —0.962 0.0007 x 29315 29815 303.15 30815 313.15 318.15
Je1s  asms 2617 Cymol -k
: : : 0 106.6 106.9 107.3 107.7 108.2 108.6
[bpé/trlll[gn%;l] + 298.15 —10.830 29.506 —31.145 11.353 0.0003 0.0517 120.3 1205 120.9 1213 121.9 122.4
308.15 —11.967 32282 —33.659 12.077 0.1038 134.2 134.7 135.2 135.7 136.4 137.1
[bpyrl[BF,] + 298.15 -9.873 23285 -23.119 8575 0.0001 0.3563 2052  206.0 2069 2080  209.2 2106
NM 0.3998 217.4 218.3 219.3 220.5 221.9 2235
308.15 —10.875 25.059 —23.787 8.315 0.5121 249.2 250.2 251.4 252.8 254.4 256.3
318.15 —12.276 28.748 —23.769 9.971 0.5994 273.7 274.8 276.2 277.9 279.8 281.9
0.6856 297.7 299.0 300.6 302.5 304.6 307.0
Table 5. Isobaric Molar Heat Capacities for x [bpyr][BF 4 + (1 — 0.7863 326.4 327.8 329.6 331.7 334.1 336.8
x) Water at Temperature T 0.8842 353.6 355.3 357.3 359.7 362.4 365.5
TIK 0.9034 359.1 360.8 362.9 365.3 368.1 371.1
0.9410 369.8 371.6 373.7 376.2 379.0 382.3
X 293.15 298.15 303.15 308.15 313.15 318.15 1 385.8 387.7 390.1 392.8 395.9 399.3
Cpy/Fmol~ 1K1 . . E
0 75.4 75.3 75.3 75.2 75.2 75.3 Table 8. Equation 3 Coefficients forCp
0.0015 76.7 76.7 76.8 76.9 77.0 77.1 T A A Ag Ay
0.0020 77.4 77.4 77.5 77.6 77.6 7.7 K Jmol K1 JmoltKL Jmol Kt FmoltK1 42
0.0027 7.7 7.7 7.7 77.8 77.9 78.0
0.0036 78.1 78.2 78.2 78.3 78.4 78.4 [bpyr][tBF4] + 298.15 330.63 —1102.82 1371.32 —626.34 0.5
water
0.0102 81.0 811 81.2 81.3 81.5 81.7 308.15 335.43 —1079.99 1282.89 —558.74
0.0938 112.7 113.1 113.4 113.8 114.2 114.7 31815 357.61 —116931 140535 —622.02
0.1885 1424 1431 1438 1445 1452 1460  pyouqER]+ 29815  49.24 24641 —74313 45316 0.1
0.2704 167.0 167.8 168.6 169.5 170.4 171.4 ethanol
0.3620 193.8 195.0 196.1 197.3 198.4 199.5 308.15 23.71 269.26 —728.29 439.89
0.4454 218.2 219.3 220.5 221.7 222.8 224.0 318.15 11.10 201.50 —539.78 318.07
0.6432 275.2 276.9 278.6 280.3 282.1 283.8 [bpyr][BF4 + 298.15 —18.43 21.86 0.06
0.8094 3252 3273 3295 3317 3340 3363 M
0.8791 3460 3483  350.8 353.3 3558 3585 s s g
0.9468 367.8 370.4 373.0 375.7 378.4 381.3 ’ ’ ’
1 385.8 387.7 390.1 392.8 395.9 399.3

DMAS5000): this apparatus performs an automatic viscosity

correction when working with high viscosity liquids such as

some RTILs. MilliQ water and dry air were used as standard

about this instrument can be found elsewt#&ré! Temperature
uncertainty is estimated in 0.01 K for both instruments.

Results and Discussion

liquids, and the uncertainty of the measurement is estimated to Tables 1 to 3 and 5 to 7 present the densities and isobaric
be+ 1-10-* g-cm~3. Further experimental details can be found molar heat capacities for the studied systems. Because the
in the literature’. Isobaric molar heat capacitie€,, were
obtained from the densities and isobaric heat capacity per unitunit volume, it is necessary to calculate the molar isobaric heat
volume,CyV~1, measured in a Setaram Micro DSCIII differential
scanning calorimeter. Water and toluene were use@,&s?!

standards, and their densities and molar heat capacities were
obtained from the literatur®1° The uncertainty of the

measurement is estimated to be 0.3 %. Detailed information

measured properties are density and isobaric heat capacity per

capacity. This we obtained from the measured properties and
the molecular weightiMyy, using the equation

-1
g, =2 T ; P (1)
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Figure 1. Excess molar volume fox [bpyr][BF4] + (1 — x) water at: W,
298.15 K;®, 308.15 K; A, 318.15 K;—, eq 3 at each temperature.

Figure 2. Excess molar volume fax [bpyr][BF4] + (1 — x) ethanol at:
N, 298.15 K;®, 308.15 K;a, 318.15 K;—, eq 3 at each temperature.

Experimental data were used to calculate excess molar o0 o
properties, defined as follows
2 0.1 -
Yo=Y =% xy? 2)
&
0.2 1 i
whereY is the thermodynamic property, in this cagandCy;
M is the mixture property; and O corresponds to the pure
compound, being;, the mole fraction of component 03 i
The excess properties were fitted to an equation of the form ”'g '
n _ g
Ya=x1-% AKX (3) S 04- -
& N
The coefficients obtained from fitting are presented in Tables 05 |
4 and 8, for excess molar volume and excess molar isobaric
heat capacity, respectively. The fitting process for each system
was based on the optimization gf (presented in Tables 4 and 06
8), which is defined as the sum of the squares of the deviations ] ]
of experimental data from the fitting curve, divided by the ] .
number of experimental points minus the number of parameters
used in the fitting equation. An F-test was used to obtain the 07 — T T T T
optimum number of parameters. 00 02 04 06 08 10
Excess Molar VolumesVE can give information about the x

net destruction of interactions and packing phenomena thatFigure 3. Excess molar volume fot [bpyr][BFa] + (1 — X) nitromethane
appears in the mixing proceFigures 1 to 3 show the obtained 2t W 298.15 K@, 308.15 K;a, 318.15 K;—, eq 3 at each temperature.

VE results. As for the system [bpyr][BF+ water, the excess  a minimum in mole fraction ok = 0.3 (about-0.55 cn¥-mol~!
molar volume is positive, having a maximum at mole fraction atT = 298.15 K) were obtained. Also, as temperature increases,
X = 0.4 (about 0.4 cfhimol™t at T = 298.15 K), andVE VE decreases for this system. These tendencies were often
increases as the temperature is raised. For the system [bpyr]-obtained for IL+ organic compound systems; therefore, the
[BF4] + ethanol,VE presents a negative parabolic dependence system that presents an unusu@lbehavior is the [bpyr][BE

against composition, with a minimum at the mole fractios + water system#24-28

0.25 (about—0.45 cn¥mol™* at T = 298.15 K), and as Excess Molar Isobaric Heat CapacityC,F is a quantity
temperature increases, the values become more negative. Thisvhich has been shown to be a useful indicator of changes in
behavior is similar to that found fovE of the system [bpyr]- liquid order during the mixing proce$3.The results forCyF

[BF4] + nitromethane, in which negative parabolic curves with for these systems are presented in Figures 4 to 6. In all cases,
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Figure 4. Excess molar isobaric heat capacity xgbpyr][BF4] + (1 — x)
water at: H, 298.15 K; ®, 308.15 K; 4, 318.15 K; —, eq 3 at each

temperature.
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Figure 5. Excess molar isobaric heat capacity xdbpyr][BF4] + (1 — X)
ethanol at: m, 298.15 K;®, 308.15 K; A, 318.15 K;—, eq 3 at each

temperature.
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Figure 6. Excess molar isobaric heat capacity xgbpyr][BF4] + (1 — X)
nitromethane at#l, 298.15 K;®, 308.15 K;a, 318.15 K;—, eq 3 at each
temperature.

C,F is positive with a maximum around = 0.2, and at high
mole fraction, the curves exhibit a minimum with negative
values. At lower temperature, values are quite significant: their
maxima are about (10 and 8ndol~1-K~1, while their minima

is around—2 ¥mol~1-K~%. Concerning th&€,F behavior against
temperature, a weak dependence was found for the water system,
whereas the [bpyr][BF + ethanol system shows a significant,
negative change il€,F as temperature is increased (about 4
Jmol~1-K~1in a 20 K interval). Often this strong temperature
dependence of,F is associated to the nearness of a liguid
liquid critical point, since concentration fluctuations at conditions
close to critical values caus®F to increase strongl$? To find

out if the proximity of a critical point explained the observed
C,F curves, a sample of mole fractior= 0.153 was cooled in

the calorimeter, and a characteristic curve associated to the
critical behavior {-curve) was found. The observed transition
temperature of this sample, which must be essentially the UCST
for this system, wa3. = 277.5 K. These data were confirmed
visually from the observation of the phase separation through
cooling the sample on a borosilicate cell. On the other hand,
no liquid—liquid equilibria were observed for the [bpyr][BF

+ water system. This system undergoes a sdiglid transition
before any liquid-liquid-phase separation can be observed. As
for the [bpyr][BF] + nitromethane system, the composition
dependence is the opposite for the other systems: at low
composition,C.F is negative going to a minimum at a mole
fraction aroundk = 0.25, and then it shows a positive maximum
at high composition. The values are significantly smaller, having
a maximum of 0.25 «nol~**K~tand a minimum of—1.5
Jmol~1-K~1 and a small negative temperature dependence. It

S-shaped curves against composition are found. As a rule,is remarkable that although the [bpyr][BF water and [bpyr]-
accuracy is worse at a high mole fraction. This can be explained [BF4] + ethanol systems seem to have a simiIgf behavior

by the difference in molecular weight of RTIL and solvent: at at low temperature, at high temperature the maximum at a small
high x values, a very small amount of solvent is required, a ionic liquid mole fraction is lowered and th&,F curves of the
fact that makes significantly higher the uncertainty in mole [bpyr][BF4] + ethanol system tend to be similar to those of
fraction. For binary mixtures with water and ethanol, the results [bpyr][BF4] + nitromethane. This is a clear effect of the critical
are similar in qualitative comparison: at low mole fraction, the CyF enhancement present in [bpyr][Ft+ ethanol. Therefore,
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from this point of view, and if critical phenomena are neglected, (15) Cerdeirim, C. A.; Troncoso, J.; Paz Ramos, C.; Rofmdn| Na-

i ihi i jdanovic-Visak, V.; Guedes, H. J. R.; Esperand. M. S. S.; Visak,
the [bpyr][BF] + water is the system that exhibits a different Z. P.; Nunes da Ponte, M.; Rebelo, L. P. N. Criticality of the [C4mim]-

CyF behavior. This fact agrees with the arguments exposed in [BF4] + water systemACS Symp. Seri€005 901, 175.

the discussion of th&F results. In this context, a previous (16) Riddick, J. A.; Bunger, N. B.; Sakano, Organic Sobents. Physical

thermodynamic study of the [bmim][BF+ water systen§,in %%%er{i/els flilnd methods of purificatioath ed.; Wiley: New York,
, vol. 1l

which, beside®F andCyF, excess enthalpies and liguitiquid

equilibria were reported, revealed that this system is dorninated(17) Cibulka, I. Saturated liquid densities of 1-alkanols from C1 to C10

and n-alkanes from C5 to C16: a critical evaluation of experimental

by the fall of the anior-cation electrostatic interaction in water data.Fluid Phase Equilib1993 89, 1-18.
solutions due to the high, unusual value of the dielectric (18) Cibulka, I.; Takagi, TP-p-T Data of Liquids: Summarization and
permittivity of water. Bearing in mind that the results fgf Evaluation. 5. Aromatic Hydrocarbons.Chem. Eng. Data999 44,

E : . 411-429.

and Cp. f.rom this work and those reported in th.at paper are. (19) Zabranski, M.; Ruzicka, V.; Mayer, V.; Domalski, E. S. Heat capacities
very similar, those arguments can also be applied to explain of liquids, critical review and recommended valudsPhys. Chem.
the observed different® and C,F behavior for the [bpyr][BE] Data (Monogr. § 1996

+ water system. (20) Souto-Caride, M.; Troncoso, J.; Peleteiro, J.; Carballo, E.; Romani,
L. Determination of the critical anomaly in the viscosity for the
dimethyl carbonate- (undecane or dodecane) systeffsiid Phase

Literature Cited Equilib. 2006 249, 42—48.

(1) Welton, T. Room-Temperature lonic Liquids. Solvents for Synthesis (21) Cerdeirina, C. A.; Miguez, J. A.; Carballo, E.; Tovar, C. A,; de la
and CatalysisChem. Re. 1999 99, 2071-2083. Puente, E.; Romani, L. Highly precise determination of the heat

(2) Seddon, K. R. lonic liquids for clean technologly.Chem. Technol. capacity of liquids by DSC: calibration and measurem&hermo-
Biotechnol.1997, 68, 351—356. chim. Acta200Q 347, 37—44.

(3) Marsh, K. N.; Deev, A.; Wu, A. C.-T,; Tran, E.; Klamt, A. Room  (22) Patterson, D. Structure and the thermodynamics of non-electrolyte
temperature ionic liquids as replacements for conventional solvents - mixtures.J. Solution Chem1994 23, 105-120.
a review.Korean J. Chem. En@002, 19, 357—362. (23) Saint Victor, M. E.; Patterson, D. The W-shape concentration

(4) Wilkes, J. S. Properties of ionic liquid solvents for catalysil. dependence of CpE and solution non-randomness: ketomesmal
Catal. A Chem2004 214, 11~17. and branched alkaneSluid Phase Equilib1987, 35, 237-252.

®) I1-|90$gr?y,2.12.3?§356edd0n, K. R. lonic LiquidElean Prod. Processes (24) Domanska, U.; Pobpdkowska,_A.; Wi_sn_iewska, A. Solubility and
®) Brennécke I E ; Maginn. E. J. lonic liquids: innovative fluids for excess molar properties Qf 1,3-dimethylimidazolium methylsulfa}te! or
T Maginn, . 4 ; 1-butyl-3-methylimidazolium methylsulfate, or 1-butyl-3-methylimi-

chemical processingAIChE J.2001, 47, 2384-2389. dazolium oct S i iy ; .
. " T ylsulfate ionic liquids with n-alkanes and alcohols:
(7) Fadeev, A]; l?f Mleaé]r?er, '\é M. Or[é%(gtugltgesiozrglgmc liquids in analysis in terms of the PFP and FBT modélsSolution Chen2006
recovery of biofuelsChem. Commu 13 . 35, 311-334.

(8) Rebelo, L. P. N.; Najdanovic-Visak, V.; Visak, Z. P.; Nunes da Ponte,
M.; Szydlowski, J.; Cerdeifim, C. A.; Troncoso, J.; RomanL.;
Esparana, J. M. S. S.; Guedes, H. J. R.; de Sousa, H. C. A detailed
thermodynamic analysis of [@im][BF.] + water as a case study to

(25) Pereiro, A. B.; Tojo, E.; Rodriguez, A.; Canosa, J.; Tojo, J. Properties
of ionic liquid HMIMPFg with carbonates, ketones and alkyl acetales.
J. Chem. Thermodyr2006 38, 651—661.

model ionic liquid aqueous solution§reen Chem2004 6, 369— (26) GonZtez, E. J.; Alonso, L.; Dofmguez, A. Physical properties of

381. binary mixtures of the ionic liquid 1-methyl-3-octylimidazolium
(9) Troncoso, J.; Cerdeirina, C. A.; Sanmamed, Y. A.; Romani, L.; Rebelo, chloride with methanol, ethanol, and 1-propanolTat= (298.15,

L. P. N. Thermodynamic properties of imidazolium-based ionic 313.15, and 328.15) K and & = 0.1 MPa.J. Chem. Eng. Data.

liquids: densities, heat capacities, and enthalpies of fusion of [bmim]- 2006 51, 1446-1452.

[PF6] and [omim][NTf2].J. Chem. Eng. Dat2006 51, 1856-1859. (27) Arce, A.; Radil, E.; Soto, A. Physical and excess properties for binary
(10) Earle, M. J.; EsperaacJ. M. S. S.; Gilea, M. A.; Canongia Lopes, J. mixtures of 1-methyl-3-octylimidazolium tetrafluoroborate, [Omim]-

N.; Rebelo, L. P. N.; Magee, J. W.; Seddon, K. R.; Widegren, J. A. [BF4], ionic liquid with different alcoholsJ. Solution Chem2006

The distillation and volatility of ionic liquidsNature2006 439, 831— 35, 63-78.

834. (28) Liu, W.; Zhao, T.; Zhang, Y.; Wang, H.; Yu, M. The physical
(11) Kabo, J. K.; Blokhin, A. V.; Paulechka, Y. U.; Kabo, A. G; properties of aqueous solutions of the ionic liquid [BMIM][BF4].

Shymanovich, M. P.; Magee, J. W. Thermodynamic properties of Solution Chem2006 35, 1337-1346.

1-butyl-3-methylimidazolium hexafluorophosphate in the condensed
state.J. Chem. Eng. Dat2004 49, 453-461.

(12) Canongia Lopes, J. N.; Cordeiro, T. C.; EspesadcM. S. S.; Guedes,  Received for review May 22, 2007. Accepted September 10, 2007.
H. J. R Hug, S.; Rebelo, L. P. N.; Seddon, K. R. Deviations from  The authors are grateful to the Diretgikeral de 1+ D da Xunta
ideality in mixtures of two ionic liquids containing a common idn. de Galicia (project #PGIDIT-03-DPI-38301-PR) and to the Ministerio
Phys. Chem. 005 109, 3519-3525. _ de Educacio y Ciencia, Secreta de Estado de Ptba Cientfica

(13) Fredlake, C. P.; Crosthwaite, J. M.; Hert, D. G.; Aki, S. N. V. K;; v Tecnolmjica del Gobierno Espah (projects #BFM2003-09295 and
Brennecke, J. F. Thermophysical properties of imidazolium-based ionic #MAT2006-12984) for financial support. G. GameMiaja is supported
liquids. J. Chem. Eng. Dat@2004 49, 954-964. _ by the “Programme Alban, the European Union Programme of

(14) wang, J.; Tian, Y.; Zhao, Y.; Zhuo, K. A volumetric and viscosity  High Level Scholarships for Latin America’, scholarship No.
study for the mixtures of 1-n-butyl-3-methylimidazolium tetrafluo-  (E05D056044MX).
roborate ionic liquid with acetonitrile, dichloromethane, 2-butanone
and N,N-dimethylformamideGreen Chem2003 5, 618-622. JE7002836



