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Densities and viscosities of water (1)+ 1-butyl-3-methylimidazolium tetrafluoroborate (2) were measured over
the entire mole fraction range from (303.15 to 353.15) K. From these data, excess molar volumes (VE), and
viscosity deviations (∆η) were calculated. TheVE and ∆η were fitted to the Redlich-Kister equation using a
multiparametric nonlinear regression method. Estimated coefficients of the Redlich-Kister equation and standard
deviation calculated from the Redlich-Kister equation to the experimental data are also presented. The results
show that the densities and viscosities are dependent strongly on water content. Comparatively, the viscosity
deviation∆η is more sensitive to temperature than the excess molar volumeVE.

Introduction

Ionic liquids (ILs) are low melting point salts that represent
an exiting new class of reaction solvents. Being composed
entirely of ions, they negligible vapor pressure and can be
prepared from a wide range of cations and anions. The are also
miscible in water, alcohol, etc. depending on anions and cations.
The key attraction of ILs is their possibility to be tuned by
varying the nature of the cations and anions. Because of this
combination of properties, ILs present many possible applica-
tions in many fields, such as organic synthesis, catalytic
reactions, and multiphase separations. An ionic liquid that did
not hydrolyze was reported by Wilkes and Zaworotko in 1992.1

Up to now, most work has investigated the synthetic methods
and applications of ILs. Physicochemical and thermophysical
properties have not been studied systematically. Densities and
viscosities are needed for the design of new processes. The
experimental data of density and viscosity of a binary mixture
are important from the theoretical viewpoint to understand the
liquid theory. So a study on excess thermophysical properties
is important in order to predict the properties and characteristics
of ILs.2

Several properties of some 1-alkyl-3-methylimidazolium
tetrafluoroborates have been reported in the literature,3-6

including 1-butyl-3-methylimidazolium tetrafluoroborate ([BMIM]-
[BF4]). However, the later is less reported than other imidazo-
lium-based ILs. Most researchers reported the data of its density,
viscosity, and conductivity at room temperature.7-12 Its densities
over a temperature range from (295 to 343) K were reported
by Christopher et al.8 Kim et al.9,10have given its heat capacities
over a temperature range from (298 to 323) K. Moreover, the
vapor pressure of a [BMIM][BF4] + water mixture was also
reported.11 The author4 just showed figures about density at 40
°C and viscosity at 20°C of mixtures [BMIM][BF4] and water.
Zhang et al.13 has reported density and viscosity data of mixtures
of [EMIM][BF 4] and water from (293.15 to 323.15) K. In these
literatures, density and viscosity data of the mixtures of [BMIM]-
[BF4] and water are never mentioned.

In this work, the densities and viscosities of mixtures
consisting of 1-butyl-3-methylimidazolium tetrafluoroborate and

water were measured as a function of compositions from (303.15
to 353.15) K. The excess molar volumeVE and the viscosity
derivation∆η of this binary system have been obtained and
fitted to the Redlich-Kister equation. The effects of water
content and temperature on the physical properties were
analyzed, and the interactions and structures were discussed in
terms of the behavior of excess molar volumeVE of the mixture
of the [BMIM][BF4] and water.

Experimental Section

Materials. In this work, all the aqueous solutions were
prepared with deionized water. The IL (1-butyl-3-methylimi-
dazolium tetrafluoroborate) was prepared according to following
method.

Preparation of [BMIM][BF 4]. The chemicals with prepara-
tion of IL (1-butyl-3-methylimidazolium tetrafluoroborate) were
of analytical grade and used without further purification.

First, 1-butyl-3-methylimidazolium bromide was synthesized.
Butyl bromide (1.1 mol) was added dropwise into 1-methylimi-
dazole (1 mol) with agitation at 343 K. The reaction mixture
was refluxed for 24 h, and when cooled to room temperature,
ethyl acetate was added to the mixture. The ethyl acetate was
removed by a separating funnel followed by the addition of fresh
ethyl acetate, and this step was repeated four times. The
remaining ethyl acetate was removed by rotary evaporation, and
the solution was dried under high vacuum at (343 to 353) K
for at least 6 h to get1-butyl-3-methylimidazolium bromide
([BMIM][Br]) at very high yield (99 %).

Second, the tetrafluoroborate salt was prepared by metathesis
reactions from the corresponding bromide. [BMIM][Br] (0.1
mol) was dissolved in acetonitrile (50 mL), and ammonium
tertrafluorobarate (0.11 mol) was added. The mixture was
refluxed for at least 24 h. When it was cooled to room
temperature, NH4Br precipitate was removed by filtration. Any
remaining precipitate was removed by further filtration at this
step. The remaining acetonitrile was removed by rotary evapo-
ration to get crude 1-butyl-3-methylimidazolium tetrafluo-
robarate. Crude [BMIM][BF4] was dissolved in dichloromethane
(50 mL) and cooled below 5 K. Deionized water and a
separation funnel were also cooled to below 5 K. The dichlo-
romethane solution was washed with cooled deionized water* Corresponding author. E-mail: lishengwang@ btamail.net.cn.
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(30 mL) five times until the aqueous solution did not form any
precipitate with 0.1 mol‚L-1 AgNO3 solution. The solvent
dichloromethane was removed by rotary evaporation, and the
[BMIM][BF 4] was dried under high vacuum at (323 to 333) K
for at least 6 h.

The chemical shift for1H NMR spectrum (parts per million,
D2O) appear as follows:δ 8.575 [s, 1H, H(2)], 7.390 [s, 1H,
H(4)], 7.350 [s, 1H, H(5)], 4.133 [t, 2H, NCH2], 3.817[s, 3H,
NCH3], 1.809 [m, 2H, NCH2-CH2], 1.295 [m, 2H, NCH2CH2-
CH2], and 0.853 [t, 3H, CH3]. The 13C NMR spectrum (parts
per million, D2O) contains peaks: 138.625 [C(2)], 126.155
[C(4)], 124.861 [C(5)], 51.931 [N-CH2], 38.233 [NCH3], 33.980
[NCH2-CH2], 21.445 [NCH2CH2-CH2], and 15.288 [CH3].
Impurity peaks were not observed in the1H NMR and13C NMR
spectrums, and there is a solvent peak atδ ) 4.653 in1H NMR
spectrum. The chemical shift of other peaks corresponded to
structure of the [BMIM][BF4]. Water content of the product
[BMIM][BF 4] was determined to be about 200 ppm by the Karl
Fischer titration. The purity of the ionic liquid was> 99 %.
The difference of pH values of this IL between room temper-
ature and 353 K was less than 1 %. This phenomenon
represented that this ionic liquid will not hydrolyze at 353 K.
Its densities at several temperatures are in a good agreement
with those reported in the literature (in the Table 1).

Apparatus and Procedure.The densities of the IL [BMIM]-
[BF4] and its mixtures were measured with a pycnometer (10
mL), and its capacities varied with the experiment temperature
and were calibrated with pure water. The temperature was
controlled by a constant water bath with an accuracy of( 0.05
K. The uncertainty of the corresponding density measurement
was within( 0.0001.

The mixtures of [BMIM][BF4] and water were prepared by
mass using a JA2003 electronic digital balance accurate to within
( 0.1 mg. The uncertainty in the mole fraction of the mixtures
was estimated to less than( 0.0001. The uncertainty of excess
molar volumes was estimated better than( 0.02. All molar
quantities are based on the IUPAC relative atomic mass table.

Measurements of viscosity and density were carried out in
the same water bath. The viscosities of mixture were measured
using an Ubbelohde capillary viscometer. The capillary was
calibrated for kinetic energy correction with double-distilled
water and 1,4-butanediol at the experimental temperature range:

where t is the flow time. The kinematic viscosityν for
calibration was obtained from literature values of the absolute
viscosity and density.14,15 Two viscometers were used for all
measurements. One of the capillaries was (0.6 to 0.7) mm in
diameter and 120 mm in length for mole fraction of water from
(0 to 0.5); the other one was (0.1 to 0.2) mm in diameter and
100 mm in length for mole fraction from (0.6 to 1.0). Therefore,
the end correction could be neglected. An electronic digital
stopwatch with a readability of( 0.01 s was used for flow
time measurement. Experiments were repeated at least four times
at each temperature for all mixtures, and the results were
averaged.

The overall uncertainty of viscosity measurements depends
on equilibrium temperature, flow time, mole fraction, and
calibration fluid. So according to the precision of all experi-
mental instruments, the experimental average uncertainties of
viscosity were estimated to be( 0.01. The uncertainties of
viscosity derivations were about( 0.02.

Result and Discussion

The densities and viscosities of mixtures, [BMIM][BF4] and
water, as a function of water content over the temperature range
from (303.15 to 353.15) K are presented in Table 2. It can be
readily observed that an increase in water content or temperature
causes density or viscosity to decrease. The increase in
temperature causes both the density and the viscosity to decrease
slightly. Therefore, physical properties of ILs can be adjusted
to meet the needs of applications for hydrophilic ionic liquids
(e.g., [BMIM][BF4]) by adding water or changing temperature.

The excess molar volumesVE and the viscosity derivations
∆η were calculated from our measurements according to the
following equations:16-18

whereF andη are density and viscosity of mixtures;x1 andx2

are mole fractions;M1 andM2 are molar masses;F1 andF2 are
densities; andη1 and η2 are the viscosities of water (1) and
ionic liquid [BMIM][BF 4] (2), respectively.

Table 1. Comparison of Measured DensitiesG and Viscositiesη of
the [BMIM][BF 4] with Literature Values

F/g‚cm-3 η/mPa‚s

T/K exp lit exp lit

293.15 1.2046a 122.35a 15412

2337

298.15 1.2015a 1.2011 94.26a 1806

279.8610

303.15 1.1984 1.177 74.21
1.20058

1.2011

308.15 1.1954 1.1911 58.18
313.15 1.1922 1.19408 46.51

1.1911

318.15 1.1890 1.1911 37.79
323.15 1.1860 1.1811 31.08
333.15 1.1798 21.52
343.15 1.1735 1.17378 15.61
353.15 1.1647 11.49

a The value of density and viscosity of [BMIM][BF4] was extrapolated.

ν ) η
F

) k1t - k2/t (1)

Figure 1. Excess molar volumeVE vs x mole fraction of water for water
(1) + [BMIM][BF 4] (2). 9, 303.15K;b, 308.15K;2, 313.15K;1, 318.15K;
left-facing solid triangle, 323.15K; right-facing solid triangle, 333.15K;0,
343.15K;O, 353.15K. The symbols represent experimental values.

VE )
x1M1 + x2M2

F
-

x1M1

F1
-

x2M2

F2
(2)

∆η ) η - (x1η1 + x2η2) (3)
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All values of VE and ∆η for the mixtures of water (1) and
[BMIM][BF 4] (2) were fitted to the Redlich-Kister polynominal
equation:19-21

whereY ) VE or ∆η, Ai are adjustable parameters, andx1 is the
mole fraction of water (1). The optimum number of coefficients
Ai was determined from an examination of variation of standard
derivation:

n is the number of experimental data, andm is the number of
coefficients of the Redlich-Kister equation.

The data of excess molar volume and viscosity derivation
are shown in Table 2. The excess molar volume versus the mole
fraction of water is plotted in Figure 1. Viscosity derivation
versus mole fraction of water is shown in Figure 2. Table 3
lists the values of the parametersAi together with the standard
deviations.

The excess thermodynamic properties, which depend on the
composition and/or temperature, are of great importance in
understanding the nature of molecular aggregation that exists
in the binary mixtures. The values of excess molar volume was
positive for water+ [BMIM][BF 4] mixtures at all temperatures
and over the entire range of compositions. The excess molar
volumesVE increases slightly with increase in temperature from
303.15 K to 353.15 K. A maximum value was obtained atx1 )
0.7.

The dependence of the viscosity derivations∆η on mole
fraction x1 was displayed in Figure 2. The values of viscosity
derivations were negative over the whole range of compositions,
and the minimum existed atx1 ) 0.3 within the whole region
of experimental temperatures. Simultaneously viscosity deriva-
tions increased slightly from (303.15 to353.15) K.

Conclusions

New experimental data of density and viscosity for the system
of water+ [BMIM][BF 4] were measured over the whole range
of compositions from (303.15 to 353.15) K. The excess molar
volume VE and viscosity deviations∆η of this system were
correlated using the Redlich-Kister polynomial equation.

Table 2. Experimental DensitiesG, Viscositiesη, Excess Molar VolumeVE, and Viscosity Derivation ∆η for Binary Mixture of Water (1) +
[BMIM][BF 4] (2)

T/K

x1 303.15 308.15 313.15 318.15 323.15 333.15 343.15 353.15

F/g‚cm-3

0.0000 1.1984 1.1954 1.1922 1.1890 1.1860 1.1798 1.1735 1.1674
0.1002 1.1948 1.1917 1.1884 1.1853 1.1823 1.1758 1.1694 1.1631
0.2090 1.1915 1.1883 1.1852 1.1819 1.1787 1.1724 1.1658 1.1595
0.2984 1.1881 1.1849 1.1815 1.1780 1.1748 1.1682 1.1614 1.1553
0.4001 1.1833 1.1801 1.1767 1.1730 1.1698 1.1630 1.1561 1.1491
0.5014 1.1762 1.1731 1.1698 1.1662 1.1628 1.1555 1.1487 1.1417
0.6004 1.1670 1.1638 1.1605 1.1572 1.1537 1.1462 1.1389 1.1315
0.7000 1.1548 1.1519 1.1487 1.1448 1.1414 1.1331 1.1247 1.1163
0.8000 1.1347 1.1319 1.1289 1.1250 1.1217 1.1142 1.1068 1.0981
0.8999 1.0995 1.0955 1.0919 1.0899 1.0865 1.0789 1.0717 1.0647
1.0000 0.9957 0.9940 0.9922 0.9902 0.9881 0.9832 0.9778 0.9718

η/mPa‚s
0.0000 74.21 58.18 46.51 37.79 31.08 21.52 15.61 11.49
0.1002 47.61 38.12 30.72 25.72 21.49 15.42 11.46 8.63
0.2090 34.89 28.35 23.50 19.64 16.74 12.02 8.98 6.79
0.2984 23.32 19.42 16.15 14.07 11.67 8.59 6.46 4.96
0.4001 16.57 13.57 11.44 9.72 8.41 6.16 4.68 3.56
0.5014 12.05 10.50 8.98 7.77 6.80 5.28 4.24 3.44
0.6004 10.05 8.69 7.40 6.40 5.69 4.75 3.75 3.19
0.7000 6.70 5.85 5.35 4.53 4.05 3.29 2.73 2.31
0.8000 4.36 3.80 3.36 2.99 2.68 2.19 1.82 1.54
0.8999 2.53 2.21 1.95 1.73 1.54 1.28 1.07 0.91
1.0000 0.80 0.72 0.65 0.60 0.55 0.47 0.40 0.35

VE/cm3‚mol-1

0.1002 0.21 0.23 0.25 0.23 0.24 0.29 0.31 0.34
0.2090 0.24 0.27 0.27 0.29 0.32 0.34 0.39 0.42
0.2984 0.27 0.30 0.34 0.38 0.41 0.47 0.54 0.54
0.4001 0.30 0.33 0.36 0.42 0.45 0.53 0.60 0.71
0.5014 0.38 0.41 0.43 0.48 0.52 0.64 0.70 0.79
0.6004 0.43 0.46 0.49 0.51 0.56 0.68 0.77 0.88
0.7000 0.39 0.40 0.42 0.48 0.52 0.67 0.82 0.98
0.8000 0.35 0.36 0.37 0.42 0.45 0.53 0.60 0.74
0.8999 0.16 0.22 0.25 0.23 0.26 0.33 0.38 0.41

∆η/mPa‚s
0.1002 -19.3 -14.3 -11.2 -8.4 -6.5 -4.0 -2.6 -1.8
0.2090 -24.0 -17.8 -13.4 -10.4 -8.0 -5.1 -3.5 -2.4
0.2984 -29.0 -21.1 -16.1 -12.6 -10.3 -6.7 -4.6 -3.2
0.4001 -28.3 -21.6 -16.7 -13.2 -10.5 -6.9 -4.8 -3.5
0.5014 -25.4 -18.6 -14.5 -11.4 -9.0 -5.7 -3.8 -2.5
0.6004 -20.1 -15.0 -11.6 -9.1 -7.1 -4.1 -2.7 -1.6
0.7000 -16.1 -12.1 -9.1 -7.2 -5.7 -3.5 -2.2 -1.4
0.8000 -11.1 -8.4 -6.5 -5.1 -4.0 -2.5 -1.6 -1.0
0.8999 -5.6 -4.3 -3.3 -2.6 -2.1 -1.3 -0.9 -0.6

Y ) x1(1 - x1)∑
i)0

m

Ai(2x1 - 1)i (4)

σ(Y) ) [∑(Ycal - Yexp)
2/(n - m)]1/2 (5)
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Estimated coefficients and standard error values are also
presented. The results show that water content has stronger
effects on the physical properties and excess thermodynamic
properties of ILs for the binary system of H2O + [BMIM][BF 4].
The volumetric and transport properties of the hydrophilic IL
can be significantly varied by adding water or changing
temperature to meet the needs of industrial requirement.

Literature Cited
(1) Wilkes, J. S.; Zaworotko, J. M. Air and water stable 1-ethyl-3-

methylimidazolium based ionic liquids.J. Chem. Soc., Chem. Commun.
1992, 13, 965-967.

(2) Huddleston, J. G.; Visser, A. E.; Reichert, W. M.; Willauer, H. D.;
Broker, G. A.; Rogers, R. D. Characterization and comparison of
hydrophilic and hydrophobic room-temperature ionic liquids incor-
porating the imidazolium cation.Green Chem.2001, 3, 156-164.

(3) Holbery, J. D.; Seddon, K. R. The phase behaviour of 1-alkyl-3-
methylimidazolium tetrafluoroborates; ionic liquids and ionic liquid
crystals.J. Chem. Soc., Dalton Trans.1999, 13, 2133-2140.

(4) Kenneth, R. S.; Annegret, S.; Marı´a, J. T. Influence of chloride, water,
and organic solvents on the physical properties of ionic liquids.Pure
Appl. Chem.2000, 72, 2275-2287.

(5) Jacob, M. C.; Sudhir, N. V. K. A.; Edward, J. M.; Joan, F. B. Liquid-
phase behavior of imidazolium-based ionic liquids with alcohols.J.
Phys. Chem. B2004, 108, 5113-5119.

(6) Tetsuo, N.; Yasutaka, T.; Masashi, Y. Physical and electrochemical
properties of 1-alkyl-3-methylimidazolium tetrafluoroborate for elec-
trolyte. J. Fluorine Chem.2003, 120, 135-141.

(7) Hagiwara, R.; Ito, Y. Room-temperature ionic liquids of alkylimida-
zolium cations and fluoroanions.J. Fluorine Chem.2000, 105, 221-
227.

(8) Christopher, P. F.; Jacob, M. C.; Daniel, G. H.; Sudhir, N. V. K. A.;
Joan, F. B. Thermophysical properties of imidazolium-based ionic
liquids. J. Chem. Eng. Data2004, 49, 954-964.

(9) Kim, S. K.; Bae, K. S.; Huen, L.; Felix, Z. Refractive index and heat
capacity of 1-butyl-3-methylimidazolium bromide and 1-butyl-3-
methylimidazolium tetrafluoroborate, and vapor pressure of binary
systems for 1-butyl-3-methylimidazolium bromide+ trifluoroethanol
and 1-butyl-3-methylimidazolium tetrafluoroborate+ trifluoroethanol.
Fluid Phase Equilib.2004, 218, 215-220.

(10) Kim, S. K.; Bae, K. S.; Huen, L. Physical and electrochemical
properties of 1-butyl-3-methylimidazolium bromide, 1-butyl-3-meth-
ylimidazolium iodide, and 1-butyl-3-methylimidazolium tetrafluo-
roborate.Korean J. Chem. Eng. 2004, 21, 1010-1014.

(11) Kim, S. K.; Seung, Y. P.; Sukjeong, C.; Huen, L. Vapor pressures of
the 1-butyl-3-methylimidazolium bromide+ water, 1-butyl-3-meth-
ylimidazolium tetrafluoroborate+ water, and 1-(2-hydroxyethyl)-3-
methylimidazolium tetrafluoroborate+ water systems.J. Chem. Eng.
Data 2004, 49, 1550-1553.

(12) Marsh, K. N.; Boxall, J. A.; Lichtenthaler, R. Room-temperature ionic
liquids and their mixturessa review.Fluid Phase Equilib. 2004, 219,
93-98.

(13) Zhang, S. J.; Li, X.; Chen, H. P.; Wang, J. F.; Zhang, J. M.; Zhang,
M. L. Determination of physical properties for the binary system of
1-ethyl-3-methylimidazolium tetrafluoroborate+ H2O. J. Chem. Eng.
Data 2004, 49, 760-764.

(14) Perry, R. H.; Green, D. W.; Malone, J. O.Perry’s Chemical Engineers
Handbook, 6th ed.; McGraw-Hill: New York, 1984.

(15) Daubert, T. E.; Danner R. P.Data Compilation Tables of Properties
of Pure Compounds, AIchE: New York, 1985.

(16) Tejraj, M. A. Thermodynamic interactions in binary mixture of
ethyenylbenzene with methanol, ethanol, butan-1-ol in the temperature
range 298.15-308.15 K.J. Chem. Eng. Data1999, 44, 1291-1297.

(17) Aalendu, P.; Gurcharan, D. Excess molar volumes and viscosities for
binary liquid mixtures of 2-propoxyethanol and 2-isopropoxythanol
with methanol, 1-propanol, 2-propanol, and 1-pentanol at 298.15 K.
J. Chem. Eng. Data2000, 45, 693-698.

(18) Weng, W. L. Densities and viscosities for binary mixtures of
butylamine with aliphatic alcohols.J. Chem. Eng. Data2000, 45,606-
609.

(19) Exarchos, N. C.; Tasioula-Margar, M.; Demetropoulos, I. N. Viscosities
and densities of dilute solutions of glycerol trioleate+ octane,+
p-xylene,+ toluene, and+ chloroform.J. Chem. Eng. Data1995,
40, 567-571.

(20) Serrano, L.; Silva, J. A.; Farelo, F. Densities and viscosities of binary
and ternary liquid systems containing xylene.J. Chem. Eng. Data1990,
35, 288-291.

(21) Nath, J.; Pandey, J. G. Excess molar volumes of heptan-ol+ heptane,
+ hexane,+ octane, and 2,2,4-triethylpentane at 293.15 K.J. Chem.
Eng. Data1997, 42, 1137-1139.

Received for review September 24, 2005. Accepted March 2, 2006.

JE050387R

Figure 2. Viscosity derivation∆η vs x mole fraction of water for water
(1) + [BMIM][BF 4] (2). 9, 303.15K;b, 308.15K;2, 313.15K;1, 318.15K;
left-facing solid triangle, 323.15K; right-facing solid triangle, 333.15K;0,
343.15K;O, 353.15K. The solid curves are calculated with the Redlich-
Kister equation; the symbols represent experimental values.

Table 3. Coefficients of the Redlich-Kister Equation for VE and
∆η of Water (1) + [BMIM][BF 4] (2) System

property T/K A0 A1 A2 A3 σ

VE/cm3‚mol-1 303.15 1.486 1.342 0.906-2.571 0.012
308.15 1.546 1.048 1.347-1.764 0.017
313.15 1.612 0.983 1.609-1.453 0.025
318.15 1.884 1.115 1.061-1.678 0.014
323.15 2.054 1.083 1.069-1.379 0.012
333.15 2.451 1.696 1.359-2.122 0.021
343.15 2.830 2.027 1.379-2.368 0.027
353.15 3.255 3.002 1.379-3.819 0.031

∆η/mPa‚s 303.15 -97.24 59.41 -56.88 50.56 0.112
308.15 -73.09 44.90 -41.53 35.08 0.090
313.15 -55.87 34.06 -33.47 29.12 0.082
318.15 -43.94 25.97 -22.67 19.60 0.060
323.15 -34.79 21.71 -17.12 12.32 0.054
333.15 -22.21 16.86 -9.560 1.186 0.038
343.15 -15.00 13.23 -5.628 -2.799 0.027
353.15 -10.11 11.12 -3.642 -5.493 0.023
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