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Temperature Dependence of Physical Properties of lonic Liquid
1,3-Dimethylimidazolium Methyl Sulfate
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This paper reports on the synthesis of the ionic liquid 1,3-dimethylimidazolium methyl sulfate [MMIM][MeSO
Experimental densities, speed of sounds, and refractive indices were determined from (283.15 to 343.15) K.
Dynamic viscosities were measured from (293.15 to 343.15) K. Surface tensions were measured from (288.15 to
313.15) K. The coefficient of thermal expansion and molecular volume of [MMIM][MgS@re calculated

from experimental values of density.

Introduction ultrasonically, dried over freshly activated molecular sieves
(types 3 A and 4 A, supplied by Aldrich) for several weeks,
and kept in an inert argon atmosphere as soon as the bottles
were opened. Their mass fraction purities supplied by the
company were more than 99.0 % for 1-methylimidazole and
dimethyl sulfate (supplied by Fluka), more than 99.9 % for
toluene (supplied by Merck), and more than 99.5 % for ethyl

Room-temperature ionic liquids (RTILS) are organic salts that
melt below 373.15 K and have an appreciable liquid range.
The most commonly studied ionic liquids (ILs) contain am-
monium, phosphonium, pyridinium, or imidazolium cations,
with varying heteroatom functionality. In this paper, we have

idered th f imidazoli ti d thyl sulfat . . ;
[cgailsg:]% as zrﬁzﬁ of imidazolium cation and methy? suliate acetate (supplied by Aldrich). Chromatographic (GLC) tests of

Recently, RTILs have received more attention because of theirthe solvents showed purities that fulfilled purchaser specifica-

unusual properties. Thus, they have great potential as ”green”t'ons' ) ) o ]
solvents for industrial processepossibly replacing currently Synthesis of 1,3-Dimethylimidazolium Methyl Sulfaté,3-
used organic solvents due to their unique properties such asPimethylimidazolium methyl sulfate was prepared according
negligible vapor pressures, broad liquid temperature range, andi© @ slightly modified literature procedufeigure 1 shows the
high specific solvent abilities. Despite the importance of RTILs [MMIM][MeSO 4] structure.
and their interest, accurate values for many of their fundamental Dimethyl sulfate was added dropwise to a solution of equal
physicat-chemical properties are either scarce or even absent,molar amounts of 1-methylimidazol in toluene (150 mL/0.42
but a few authois® have studied the structural organization of mol of starting 1-methylimidazol) and cooled in an ice bath
ILs and the dependence of their physieahemical properties ~ under nitrogen at a rate to maintain the reaction temperature
with different parameters of some ILs. below 313.15 K, due to the reaction being highly exothermic.
Densities, refractive indices, dynamic viscosities, and other The reaction mixture was stirred at room temperature for (1 to
physical properties are very useful industrially. An exhaustive 4) h depending on the amount of starting materials (the progress
literature survey reveals no published work on the physical of the reaction was monitored by thin-layer chromatography
properties of the ionic liquid 1,3-dimethylimidazolium methyl using aluminum sheets silica gel 60 GF-254, dichloromethane
sulfate [MMIM][MeSQq]. With the aim of characterizing the ~ + 10 % methanol as eluent). The upper organic phase of the
pure component, experimental densities, speed of soundsresulting mixture was decanted, and the lower IL phase was
refractive indices, dynamic viscosities, and surface tensions atwashed with ethyl acetate (4 70 mL per 0.4 mol of starting
a temperature range of (283.15 to 343.15) K of the [MMIM]- 1-methylimidazol). After the last washing, the remaining ethyl
[MeSQy] have been determined. From the experimental density, acetate was removed by heating under reduced pressure. The
the coefficient of thermal expansion and the molecular volume ionic liquid obtained was dried by heating to (343.15 to 353.15)

have been calculated. K and stirring under high vacuum (R 101 Pa) for 48 h.'H
In this paper, the IL is characterized as liquid in this interval NMR (400 MHz, DO, ppm): 6 8.69 [s, 1 H, H-2], 7.48 [d)
due to the solietliquid transitior? being broad, between 18 =1.4Hz, 2 H, H-4,5], 3.95 [6 H, NC}}, 3.79 [s, 3 H, OCH].
°C (super-cooling temperature for crystallization in the cooling The ionic liquid was kept in bottles with inert gas. To reduce
cycle) and 43C (melting point in heating cycle). the water content to negligible values (mass fraction lower than
0.03 %, determined using a 756 Karl Fisher coulometer),
Experimental Section vacuum (2x 10! Pa) and moderate temperature (343.15 K)

Chemicals The reagents used for the synthesis of the IL were Were applied to the IL for several days, always immediately

of Lichrosolv quality. Before use, the reagents were degassedPrior to their use.

Experimental Procedure The density and speed of sound
* To whom correspondence should be addressed. T84 986812312. of the pure liquid were measured with an Anton Paar DSA-
Fax: +34 986812382. E-malil: aroguez@uvigo.es. 5000 digital vibrating-tube densimeter. The repeatability and
T Chemical Engineering Department. . . .
* Organic Chemistry Department. the uncertainty in experimental measurements have been found
§ Deceased. to be lower than£ 2 x 1076 and £ 105 g-cm™3 for the
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Table 1. Densityp, Speed of Soundu, Refractive Index np,

CH-SO,~ Dynamic Viscosity 5, and Surface Tensione of [MMIM][MeSO 4] at
H3CN\/NCH3 394 Several Temperatures
) h ) . TIK plgrcm=3  u/m-s? Np n/mPas  o/mN-m~t
Figure 1. Schematic structure of [MMIM][MeS@. 28315 133824 1851 1.48659
_ 288.15  1.33454 1838 1.48525 60.9
density and £ 0.01 and+ 0.1) ms™! for the speed of sound. 293.15  1.33088 1826 1.48392 92.76 60.3
Th r W libr m rina th nsi f 298.15  1.32725 1813 1.48270 72.91 59.8
M'I? appa at?'? a? ca bdatedb.byt easu g.t et density lo 30315 132365 1801 148129  58.35 59.5
Millipore quality water and ambient air according to manual  358'15 132009 1789 1.47999 59.1
instruction. The calibration was checked with pure liquids with  313.15  1.31657 1777 1.47867 39.21 58.9
known density and speed sound. 318.15  1.31305 1765  1.47726

A, : . 32315  1.30955 1753 1.47593 27.78
The refractive indices were determined by the automatic 35575 1730606 1742 147421

refractometer ABBEMAT-WR Dr. Kernchen with a resolution 33315  1.30259 1730 1.47294 21.01

of & 107% and an uncertainty in the experimental measurements 338.15  1.29914 1719 1.47154

of £ 4-1075. The apparatus was calibrated by measuring the 34315 1.29570 1708 L.47027 16.01
refractive index of Millipore quality water and tetrachloroeth-  Taple 2. Fitting Parameters of Equations 2 and 3 and Standard
ylene (supplied by the company) before each series of measureDeviations (eq 4) To Correlate the Physical Properties of
ments according to manual instruction. The calibration was [MMIM][MeSO ]

checked with pure liquids with known refractive index. physical properties A Ay sD
Kinematic viscosities were determined experimentally using plg-cm 2 1538397  —0.000708 0.00014
an automatic viscometer Lauda PVS1 with two U4bbe|hode In(p/g:(l:m’3) 252%4;43489 —g.gggiss 8.30010
ia;gliegya microviscometers with a diameter of-10°* and ﬁgms 1564301 —0.000274 0.00012
. ) m. Gravity fall is the principle of measurement on log(/mPas) 1535 2 3.2799 0.02
which this viscometer is based. The capillary is maintained in o/mN-m~1 83.385 —0.0787 0.1

a D20KP Lauda thermostat with a resolutiordo0.01 K. The ) ] )
capillaries were calibrated and were credited by the supplier Density, Speed of Sound, Refragé Index, Dynamic
company. The calibration was checked with pure liquids with ViScosity, Surface Tension, and MiscibilityThe densityp,
known dynamic viscosity. The uncertainty of the capillary SPeed of sound, refractive indexp, dynamic viscosityy, and
diameter is+ 0.005 mm. The uncertainty in the experimental Surface tensiors values were fitted by the method of least
measurements has been found to $e0.01 mPas. The squares using the following equations:

equipment has a control unit PVS1 (processor viscosity system) z=Ay+AT @)
that is a PC-controlled instrument for the precise measurement 1
of liquid viscosity using standardized glass capillaries with an logn =AJT— A, 3)

uncertainty of+ 0.01 s.
The kinematic viscosity is determined from the following Wwherezis p, u, np, or o; T is the absolute temperature; afgl

relationship: and A; are adjustable parameters. The correlation coefficient

of the linear regression is 0.9999 for the density, 0.9997 for
v =Kkt —y) (1) the speed of sound, 0.9995 for the refractive index, 0.9968 for

the dynamic viscosity, and 0.9728 for the surface tension. The

wherey is the Hagenbach correctionis the flow time, anck correlation parameters are listed in Table 2 together with the

is the Ubbelhode capillary microviscometer constant, bging standard deviations (SD). These deviations were calculated by

andk supplied by the company. applying the following expression:

The surface tension of pure liquid was measured with the hoaT 2

tensiometer Lauda TVT2 by the hanging drop tensiometer _ 2

method. The measured tank was thermostatized in a Polyscience Z (Zexp ~ Zacjusd

controller temperature with a temperature stability4010.01 sD=|———— 4

K, which is regulated in a D20KP Lauda thermostat with a NpaT

resolution of+ 0.01 K. The equipment has both a control unit

and a mechanical one that are connected to a PC-controlledwhere property values and the number of experimental and
instrument for the precise measurement of liquid with an adjustable data are represented zognd npar, respectively.
uncertainty of= 0.1 mNm~L. The radiuses of the needles were Figures 2 to 5 show the physical properties against
calibrated and were credited by the supplier company. The Thermodynamic PropertiesThe values of density were fitted
calibration was checked with pure liquids with known surface by the method of the least-squares using the following empirical
tension. equation:

Results and Discussion Inp=~A,+AT (%)

The physical properties of [MMIM][MeSg) were measured  \hereT s the absolute temperature aAgand A, are fitting
experimentally from (283.15 to 343.15) K for the density, speed parameters. Figure 2 shows the experimental and adjustable
of sound, and refractive index from (293.15 to 343.15) K for yayes of Inp againstT. The correlation coefficient of the linear
the dynamic viscosity and from (288.15 to 313.15) K for the yegression is 0.9999.
surface tension. The values are listed in Table 1. The coefficient of thermal expansion of [MMIM][MeSD

The frequency of an Anton Paar densimeter is affected by s gefined by the following equation:
the viscosity of the sampleat high viscosity a correction has
to be applied to the density. Our samples have low viscosities, o= \_1/(8_ —_ (8 In p) ©)

aTlp P

and this correction must not be applied. aT
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Figure 2. Plot of experimental values of |n (O) andp (O) againstT and
fitted curves for [MMIM][MeSQy].
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Figure 3. Plot of experimental values of speed of soun@) andnp (O)
againstT and fitted curves for [MMIM][MeSQ].
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Figure 4. Plot of experimental values of log (O) against 1T and fitted
curve for [MMIM][MeSOy4].

wherea is the coefficient of thermal expansiovjs the volume
of the ionic liquid, andp is the density of the ionic liquid. A
valuea = 5-1074 K1 was obtained from this equation. The
molecular volume of [MMIM][MeSQ] at 298.15 K was

calculated from the experimental density using the following

equation:

M
Vinolee = N_p (7)
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Figure 5. Plot of experimental values of surface tension(O) and
0*Vmole® (0) againstT and fitted curves for [MMIM][MeSQ].

whereM is the molar mass (208.27mol™1), N is Avogadro’s
number, andVmeec is the molecular volume. The molecular
volume at 298.15 K for [MMIM][MeSQ] is 0.2606 nr.

In generalg of many liquids almost linearly decreases while
temperature increases, and the relationship is expressed in the
Eotvos equatior?

O'Vmole<32/3 = k(Tc - T) (8)

where Vmolec is the molecular volume of the liquidy is the
critical temperature, anklis an empirical constant. The linear
regression obrVmeed® obtained from this experimental values
againstT was made, and the equati@nVge2310718.J =
0.0314-0.00002 T/K) was obtained. The standard deviation
of the linear regression is 0.001. The valuekof 0.21072*
J-K~L The fused salts have large polarity, and their values of
k are low, for examplek is 0.610724 J-K~1 for fused NaCEF
This implies that [MMIM][MeSQj] has a similar polarity than
the fused salts. Therefore, the magnitud& o&n represent the
polarity of ionic liquids. Figure 5 shows the experimental and
adjustable values af+Vmed againstT.
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