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The viscosity, density, and electrical conductivity of 1-hexyl-3-methylimidazolium bis(trifluorosulfonyl)imide
have been measured at temperatures from (288 to 433) K and at pressures up to 50 MPa. A vibrating wire viscometer
was used for the measurements of viscosity that have an expanded uncertainty (k ) 2) of ( 2 %. The density was
obtained from a vibrating tube densimeter with an expanded uncertainty (k ) 2) of ( 0.3 %. The electrical
conductivityκ(f f∞) was determined from impedance measurements at frequencies in the range (0.5 to 10) kHz
with an expanded (k ) 2) uncertainty of( 2 %. All measurements were conducted with a sample distributed by
NIST as part of an IUPAC project. The water mass fraction was determined before and after the measurements.
The viscosity and density of a sample with initial water content of 7‚10-6 were represented by interpolating
expressions with standard deviations of 0.4 % and 0.03 %, respectively. Differences between the experimental
and calculated values are comparable with the expanded (k ) 2) uncertainties. For temperatures that overlap the
temperature range (288 to 433) K atp ) 0.1 MPa, literature values of density differ bye ( 0.2 % while the
reported viscosities differ bye ( 7 % from these empirical representations of the measurements. There are no
values of the viscosity atp > 0.1 MPa reported in the literature to compare our results. Atp > 0.1 MPa, the
literature values for density reported by Gomes de Azevedo (J. Chem. Thermodyn.2005, 37, 888-899) deviate
from our smoothing equation by less than-0.2 % at temperatures and pressure that overlap ours. The electrical
conductivity was determined on a sample with initial water mass fraction of 90‚10-6. The results were represented
within the expanded uncertainty by an empirical function against which the literature values differed by no more
than( 5 %.

Introduction

For a room-temperature ionic liquid, the thermophysical
properties reported in the archival literature often differ from
various sources by many times the estimated expanded uncer-
tainty associated with the measurement technique. A plausible
explanation for these discrepancies is provided by the presence
of impurities of which the most prevalent is water. Even so-
called “hydrophobic ionic liquids”, which are immiscible with
water, absorb atmospheric water vapor, and the presence of
water has been shown to introduce a significant and systematic
error in the measured physiochemical properties particularly for
transport phenomena.1,2 Consequently, under the auspices of the
International Union of Pure and Applied Chemistry (IUPAC),
a project entitled “Thermodynamics of Ionic Liquids, Ionic
Liquid Mixtures, and the Development of Standardized Sys-
tems” (project number 2002-005-1-100)3 has been established
to provide reference values for the thermophysical properties
of an ionic liquid with a 1-hexyl-3-methylimidazolium cation
(herein after known by the acronym [hmim] and in other
publications as [C6mim]+) and a bis(trifluoromethylsulfonyl)-
imide, [(F3CSO2)2N]- (abbreviated herein after as [Tf2N]-),
anion. The [hmim][Tf2N] was chosen because the 1-alkyl-3-
methylimidazolium cation is the most widely studied among

ionic liquids and, when compared to other ionic liquids, has a
relatively low viscosity, hydrophobicity, and melting point,
which is well below room temperature,4 and is thermally stable.5

This article reports measurements of the viscosity, density,
and electrical conductivity of [hmim][Tf2N] at temperatures in
the range (288 to 433) K and pressures between (0.1 and 50)
MPa. This work constitutes a contribution to the IUPAC project.

For [hmim][TF2N] at p ) 0.1 MPa and temperatures from
(258 to 373) K, there are four publications reporting the
viscosity5,1,6,7 and seven articles reporting the density atp ≈
0.1 MPa1,6,8-12 for which refs 1, 7, and 12 were performed on
an aliquot of the sample described in ref 3 and this work.
References 11 and 12, both from the same laboratory, report
densities at pressures up to 65 MPa, and those of ref 12 were
obtained on an aliquot of the same sample as that used in this
work. The results reported here have been compared with all
these measurements. The electrical conductivity has been
reported by Widegren and Magee,1 Widegren et al.,13 and
Tokuda et al.,10 and our results are also compared with these
independent sources.

Experimental

The [hmim][TF2N] was obtained from a batch prepared by
Notre Dame University and distributed through the National
Institute of Standards and Technology in vacuum-sealed Schlenk* Corresponding author. E-mail: agoodwin@slb.com.
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tubes as part of an IUPAC project.3 The procedures used to
synthesize the [hmim][Tf2N] have been described in, for
example, ref 1. Excluding the impurity water, the [hmim][Tf2N]
had a mass fraction purity> 99.5 % as determined by both1H
and19F NMR, while a fractional melting experiment performed
on dry [hmim][Tf2N] provided a mole fraction purity of
99.76 %.1 The sample was stirred under a vacuum at room
temperature, as shown in Figure 1, to remove water prior to
use. The mass fraction of water in the sample was determined
by Karl Fisher titration with a Radiometer Analytical Titrator,
TIM 550, according to the procedure recommended by ASTM,
before commencing measurements and also on an aliquot after
cessation of data acquisition. The viscosity was determined for
two samples: (A), where the mass fraction of waterw(H2O)
was 43‚10-6 before and 410‚10-6 after the measurements; and
(B), for which w(H2O) was 7‚10-6 before and 117‚10-6 after
the measurements. Sample A was used for the density measure-
ments. The samples were degassed under a vacuum for at least
12 h prior to use. A third sample, with aw(H2O) of 90‚10-6

before and 180‚10-6 after the measurements, was used to obtain
the electrical conductivity. The repeatability of the Karl Fisher
titration was, with a standard ofw(H2O) ) 10-4, ( 10‚10-6

and is consistent with the expanded uncertainties of 20 % for
w(H2O) ) 10-4; at w(H2O) ) 10-3, the expanded uncertainty
decreases to be about 6 %.13 The procedures used to clean and
dry the apparatus have been described in detail elsewhere,1,13

while an aliquot was transferred to the viscometer as illustrated
in Figure 1.

The viscosity was measured with a vibrating wire viscometer
that had previously been used to measure the viscosities between
(0.3 and 100) mPa‚s at temperatures from (298 to 423) K and
pressures from (0.1 to 70) MPa for methylbenzene and two
certified reference fluids for viscosity,14 liquid cyclopentane,15

and diisodecyl phthalate (DIDP).16 The measurements reported
in refs 14-16 cover the range of viscosity, temperature, and
pressure encountered in this work. The apparatus, working
equations, and analyses of the vibrating wire viscometer, with
a wire diameter of about 0.15 mm, have been described in refs

14 and 17. The expanded (k ) 2) uncertainty of the viscosity
so obtained is, based on our previous work,14,17-19 ( 2 %. The
electrical conductivity of [hmim][Tf2N], with w(H2O) between
(90 and 180)‚10-6, was found to be< 0.5 S‚m-1, and this
conductivity introduces a negligible additional systematic error
in the determination of viscosity from measurements of the
width of the fundamental resonance frequency of the vibrating
wire. The sinusoidal voltage applied to the wire was generated
by a lock-in amplifier, and the amplitude varied between (1
and 2) mV.

Densities were measured with an Anton Paar vibrating tube
densimeter (model DMA 512 P) for operation at pressures in
the range (0.1 to 70) MPa. The instrument was calibrated as
described in ref 16 and has an expanded uncertainty of( 0.3
%. The correction to the density for viscous damping, discussed
elsewhere,18 at the viscosities reported here (< 110 mPa‚s) was
always< 0.05 %. The working equations for the vibrating wire
viscometer require values of density with an uncertainty of(
2 % to yield an uncertainty of( 1 % in viscosity.

A conductivity cell, formed from borosilicate glass, with two
platinum black electrodes (LKB model 5312 A flow cell) was
used for the measurements. The resistanceR(f) of the cell was
determined with an impedance (LCR, inductive-capacitive-
resistance) meter (HP model 4261A) operated at 1 V rms in
the series C and R mode at frequencies of (0.5, 1, 2, 4, 6, and
10) kHz. For the determination ofκ, R(f f∞) was obtained at
each temperature from

which represented the measurements within 100·σ(R)/<R> <(
0.45; 100·σ(R)/<R> increased from 0.01 atT ) 278 K to 0.45
atT ) 323 K. To determine, at each temperature, the variations
of the measurements with respect to time and frequency, the
frequency was first increased from (0.5 to 10) kHz and repeated
at frequencies of (0.5 and 1) kHz. In all cases, the two set of
results obtained at (0.5 and 1) kHz differed by<( 0.5 %. The
values ofR(f f∞) were used to determine the conductance,G
) R-1, and combined with the cell constantK to determine the
conductivity from20

The cell constantK ≈ d/A, whered is the distance between the
electrodes andA is the area of the electrode, was determined
by the manufacturer to be<K(f f∞)> ) 90.1 m-1.

The expanded uncertainty inR(f) obtained with the LCR
meter was 10-3‚R, and the expanded uncertainty in the
conductivity was( 2 %13 determined by combining in quadra-
ture the uncertainties arising from the calibration to obtainK
and the procedure used to determineR(f f∞).

Temperatures of the densimeter, viscometer, and conductivity
cell were measured with uncertainties of (( 0.02,( 0.01, and
( 0.01) K, respectively, on ITS 90. Pressures were generated
with a hydraulic pump and measured, relative to atmospheric
pressure, using dial gauges that were, when calibrated against
a dead-weight gauge, found to have an uncertainty of( 0.05
MPa. Ambient pressure was obtained from a mercury barometer
with an uncertainty of( 0.1 kPa.

Results and Discussion

The density of [hmim][Tf2N] is given in Table 1. the
viscosities for samples A and B with different water mass
fraction are listed in Table 2, and the electrical conductivity is

Figure 1. Schematic of the apparatus used to dry the 1-hexyl-3-
methylimidazolium bis(trifluorosulfonyl)imide and transfer an aliquot to
the vibrating wire viscometer.

R(f)/Ω ) ( dR

df -1/2)‚f-1/2 + R(f f∞) (1)

κ ) G‚K (2)
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in Table 3. To represent the densities,F, the modified Tait
equation21 was used in the form

whereB is a function of temperature given by

In eq 1,pr ) 0.1 MPa andFr(pr) is the density listed in Table
1 that was represented by

with a standard deviation of the mean 100·σ(F)/<F> ) ( 0.027
when the two parameters wereA0 ) 1640.32 andA1 ) -0.9032.

TheFr(pr) obtained from eq 3 were combined with the densities
of Table 1, to determine the adjustable parameters of eqs 3 and
4 with the resultsb0 ) 415.953 MPa,b1 ) -1.3083 MPa,b2

) 1.192‚10-3 MPa, andC ) 7.546‚10-2 that represented the
data with 100·σ(F)/<F> ) ( 0.051.

TheF (p ) 0.1 MPa) values reported by other workers1,6,8-12

are shown as deviations from eq 5 in Figure 2, and in the
overlapping temperature range, the literature values differ by
( 0.16 %, that is, within the assigned uncertainty. Extrapolating
eq 5 to a temperature of 258 K, that is, 40 K below our
measurements, provides estimates in agreement with the values
reported by Widegren and Magee.1 However, the smoothing
equation for density reported by Maginn6 differs from eq 5 by
≈ 0.6 % at T ) 283 K and the difference decreases with
increasing temperature to be≈ 0.2 % atT ) 373 K; only the
differences within the ordinate are shown in Figure 2. Atp >
0.1 MPa, the densities from Table 1 and those reported by
Gomes de Azevedo et al.11 and Esperanca et al.12 are shown
relative to the smoothing eqs 3, 4, and 5 in Figure 2. All
differences shown in Figure 3 are within the expanded uncer-
tainty of our measurements of( 0.3 %.

Table 1. DensitiesG of [hmim][Tf 2N] Sample A with w(H2O)
between (43 and 410)‚10-6 Obtained with the Vibrating Tube
Densimeter at TemperatureT and Pressurep

T/K p/MPa F/kg‚m-3 T/K p/MPa F/kg‚m-3

298.15 0.10 1371 348.15 40.0 1359
298.15 10.0 1379 373.15 0.10 1303
298.15 20.0 1386 373.15 10.0 1314
298.15 30.0 1393 373.15 20.0 1321
298.15 40.0 1399 373.15 30.0 1332
323.15 0.10 1349 373.15 40.0 1339
323.15 10.0 1357 398.15 10.0 1292
323.15 20.0 1364 398.15 20.0 1301
323.15 30.0 1372 398.15 30.0 1311
323.15 40.0 1378 398.15 40.0 1319
348.15 0.10 1325 423.15 10.0 1270
348.15 10.0 1334 423.15 20.0 1279
348.15 20.0 1343 423.15 30.0 1292
348.15 30.0 1352 423.15 40.0 1299

Table 2. Viscositiesη of [hmim][Tf 2N] for Both Sample A, of Water
Mass Fraction w(H2O) between (43 and 410)‚10-6, and Sample B, of
Water Mass Fraction w(H2O) between (7 and 117)‚10-6, at
Temperatures T and Pressurep

T p η(A) η(B) T p η(A) η(B)

K MPa mPa‚s mPa‚s K MPa mPa‚s mPa‚s

288.15 0.10 111 353.15 30.0 14.5 15.3
293.15 0.10 86 90 353.15 40.0 15.8 16.7
293.15 10.0 98 102 353.15 50.0 18.1
298.15 0.10 68 363.15 0.10 9.2
298.15 10.0 78 373.15 0.10 7.2 7.5
298.15 20.0 86 373.15 10.0 7.9 8.3
298.15 30.0 96 373.15 20.0 8.5 9.0
298.15 40.0 107 373.15 30.0 9.4 9.6
303.15 0.10 57 373.15 40.0 10.0 10.8
303.15 10.0 66 393.15 0.10 5.0 5.2
303.15 20.0 72 393.15 10.0 5.5 5.7
303.15 30.0 81 393.15 20.0 5.9 6.2
313.15 0.10 36.2 37.7 393.15 30.0 6.4 6.8
313.15 10.0 40.8 42.7 393.15 40.0 6.9 7.2
313.15 20.0 45.4 46.2 393.15 50.0 7.8
313.15 30.0 51 52 413.15 0.10 3.68
313.15 40.0 56 57 413.15 10.0 3.97
333.15 0.10 18.6 19.5 413.15 20.0 4.35
333.15 10.0 20.7 21.8 413.15 30.0 4.64
333.15 20.0 23.1 24.0 413.15 40.0 5.0
333.15 30.0 25.3 26.4 433.15 0.10 2.86 3.05
333.15 40.0 27.9 29.1 433.15 10.0 3.11 3.24
343.15 0.10 14.9 433.15 20.0 3.33 3.52
353.15 0.10 11.0 11.4 433.15 40.0 3.83 4.09
353.15 10.0 12.1 12.7 433.15 50.0 4.34
353.15 20.0 13.4 13.8

{F(p) - Fr(pr)}/F(p) ) C lg{(B + p)/(B + pr)} (3)

B(T) ) ∑
i)0

2

bi(T/K) i (4)

Fr/kg‚m-3 ) ∑
i)0

1

Ai(T/K) i (5)

Figure 2. Relative deviations∆F/F ) {F(exptl) - F(calcd)}/F(calcd) of
the experimentally determined densityF(exptl) from the value obtained
from eq 5 F(calcd) as a function of temperatureT at p ) 0.1 MPa for
[hmim][Tf2N]. b, this work, sample A withw(H2O) between (43 and
410)‚10-6; ], Earle and Seddon;8 4, Widegren and Magee1 with a vibrating
tube densimeter within the Stabinger viscometer andw(H2O) ) 10-5; 0,
Tokuda et al.;10 +, Kato and Gmehling;9 ×, Gomes de Azevedo et al.;11

gray filled triangle, Widegren and Magee1 with a vibrating tube densimeter
within a Stabinger viscometerw(H2O) ) 10-5; black outline gray filled
triangle, Widegren and Magee1 with a DSA5000 vibrating tube densimeter
andw(H2O) from (10 to 510)‚10-6; gray outline unfilled triangle, Widegren
and Magee1 with a DSA5000 vibrating tube densimeter andw(H2O) from
(10 to 870)‚10-6, -‚-‚-‚-‚-‚-, Maginn;6 and light gray×, Esperanca et al.12

The dashed line at∆F/F ) 0 indicates an extrapolation of eq 5 to
temperatures below our measurements to which the parameters of eq 5 were
adjusted. The expanded uncertainty in our measurements is( 0.3 %, and
the dashed lines are 200·σ(F)/<F> ) 0.076 of the standard deviation of
the fit to eq 5,σ(F).

Table 3. Electrical Conductivity K of [hmim][Tf 2N] with Water
Mass Fraction w(H2O) between (90 and 180)‚10-6 at Temperatures
T and Pressurep ) 0.1 MPa

T/K κ/S‚m-1

278.15 0.077
283.15 0.102
288.15 0.135
293.15 0.172
298.15 0.217
303.15 0.268
308.15 0.327
313.15 0.390
323.15 0.54
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Using the rule of Vogel,22 the viscositiesη (p ) 0.1 MPa)
listed in Table 2 for sample B were represented by

with 100·σ(<η>)/η ) 0.1 when the constants were adjusted to
be e ) -2.085,f ) 868.689, andg ) -161.226. The relative
deviations of the measurements from eq 6 for sample A are, as
shown in Figure 4, systematically below those of B by about
5 %, that is, 2.5 times the combined estimated expanded
uncertainty. This is not surprising becausew(H2O, A) > w(H2O,
B). Theη (p ) 0.1 MPa) values reported by other workers5,1,6,7

are also shown in Figure 4 and differ from eq 6 by( 5 %
including the values reported by Maginn6 with w(H2O) )
30‚10-6. Indeed, the agreement between the results obtained
from different techniques and sources of systematic error on
samples of different water mass fractions that varied, when cited,
from (7 to 870)‚10-6 is considered remarkable.

Widegren and Magee1 report measurements of viscosity,
obtained with an Ubbelohde capillary viscometer, as a function
of w(H2O) from (10 to 8200)‚10-6 at two temperatures of (293
and 298) K and provide dη(293 K)/dw(H2O) ) -3253 mPa‚s
and dη(298 K)/dw(H2O) ) -2481 mPa‚s. These derivatives
can be used to account for the difference in viscosity observed
between samples A and B. To do so, the mass fraction of water
while the sample was within the viscometer must be known. If
the final water mass fractions are considered, the true values
for samples A and B then the difference∆w ) w(A) - w(B) is
293‚10-6. At T ) 293 K, this difference suggests the viscosity
of sample A is about 1 % below that of sample B, while atT
) 298 K, sample A is 0.8 % below B; both are within the

assigned uncertainty. When these anticipated differences are
accounted for, the measured viscosities of samples A and B
agree within the combined expanded uncertainties. The differ-
ence also increases with increasing temperature which is
consistent with the differences shown in Figure 4. An upper
bound on the plausible difference in water mass fraction between
samples A and B is 403‚10-6 which decreases the differences
in the viscosity of the samples by about 1.5 %, while the lower
bound gives∆w ) 36‚10-6 and results in viscosity differences
that are a factor of about 8 less than for∆w ) 293‚10-6. The
values of dη/dw(H2O) also permit the estimation of the viscosity
of dry [hmim][Tf2N]: for sample A withw(H2O) ) 410‚10-6,
the worst case, the viscosities reported at temperatures of (298
and 293) K are 1.6 % and 1.5 %, respectively, below the value
for dry [hmim][Tf2N].

The η(T, p) values of sample B withp g 0.1 MPa listed in
Table 2 were fit by the empirical Vogel-Fulcher-Tammann
(VFT) equation22-24

with 100·σ(η)/<η> ) ( 0.44, and the six parameters obtained
are listed in Table 4. The viscosities listed in Table 1 for both
samples A and B are shown in Figure 5 as relative deviations
from eq 7 and, as expected, those for A, with a greater water
mass fraction, lie systematically below eq 7 by 5 % but within
2.5 times the estimated expanded uncertainty. To our knowledge,
there are no other measurements of the viscosity of [hmim]-

Figure 3. Relative deviations∆F/F ) {F(exptl) - F(calcd)}/F(calcd) of
the experimentally determined densityF(exptl) from the value obtained from
eqs 3, 4, and 5F(calcd) as a function of pressurep for [hmim][Tf2N]. This
work was performed with sample A withw(H2O) between (43 and 410)‚
10-6: b, this work,T ) 298 K; 2, this work,T ) 323 K; 9, this work,T
) 348 K; [, this work, T ) 373 K; ×, this work, T ) 398 K; +, this
work, T ) 423 K; O, ref 11,T ) 298 K; 4, ref 11,T ) 299 K; 0, ref 11,
T ) 300 K; ], ref 11,T ) 301 K; dark gray cross, ref 11,T ) 302 K; dark
gray plus, ref 11,T ) 303 K; dark gray filled circle, ref 11,T ) 308 K;
dark gray filled triangle,T ) 313 K; dark gray filled square, ref 11,T )
318 K; dark gray filled diamond, ref 11,T ) 323 K; black cross with dark
gray square background, ref 11,T ) 325 K; black plus with dark gray
square background, ref 11,T ) 327 K; dark gray filled circle with black
outline, ref 11,T ) 329 K; dark gray filled triangle with black outline, ref
11, T ) 331 K; dark gray filled square with black outline, ref 11,T ) 333
K; light gray asterisk within a black filled square, ref 12,T ) 293 K; light
gray filled circle, ref 12,T ) 298 K; light gray plus, ref 12,T ) 303 K;
light gray filled circle, ref 12,T ) 308 K; light gray filled triangle, ref 12,
T ) 313 K; light gray filled square, ref 12,T ) 318 K; light gray asterisk,
ref 12,T ) 328 K; light gray filled square with black outline, ref 12,T )
333 K; and black asterisk with light gray square background, ref 12,T )
338 K. The dashes at∆F/F ) 0 indicate an extrapolation of eqs 3, 4, and
5 to pressures above our measurements to which the parameters of eqs 3,
4, and 5 were adjusted. The expanded uncertainty in our measurements is
( 0.3 %.

η0/mPa‚s ) exp[e + f/{g + (T/K)}] (6)

Figure 4. Relative deviations∆η/η ) {η(exptl) - η(calcd)}/η(calcd) of
the experimentally determined viscosityη(exptl) from the value obtained
from eq 6 η(calcd) as a function of temperature atp ) 0.1 MPa for
[hmim][Tf2N]. b, this work with w(H2O) from (7 to 117)‚10-6; [, this
work with w(H2O) from (43 to 410)‚10-6; 4, Widegren and Magee1 with
w(H2O) ) 10-5 and a Stabinger viscometer; gray filled triangle, Widegren
and Magee1 with w(H2O) ) 10-5 and a Stabinger viscometer; gray filled
triangle with black border, Widegren and Magee1 Ubbelohde capillary
viscometer withw(H2O) of (10 and 20)‚10-6; O, Crosthwaite et al.;1 0,
Tokuda et al.;10 ×, Nieto de Castro;7 gray filled ], Maginn withw(H2O)
) 30‚10-6.6 The dashed line at 100·∆η/η ) ( 2 is the expanded uncertainty
in our measurements, while that at 100·∆η/η ) 0 indicates an extrapolation
of eq 6 to temperatures below our measurements to which the parameters
were adjusted.

Table 4. Coefficients of Equation 1 Adjusted to Best Fit the
Measurements of Viscosity Reported in Table 2 for Water Mass
Fraction w(H2O) between (7 and 117)‚10-6

a b c d e T0

-2.1114 0.003281 876.81 1.2576 -0.002902 160.58

η(T,p)/mPa‚s )

exp{a + b(p/MPa)+
c + d(p/MPa)+ e(p/MPa)2

(T/K) - T0
} (7)
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[Tf2N] at p > 0.1 MPa to compare with the results from Table
2 or eq 7.

The nine measurements of electrical conductivityκ listed in
Table 3 were represented by

with a standard deviation of 100·σ(κ)/<κ> ) ( 0.34 when the
parameters were adjusted to bea0 ) 5.8969‚10-2, a1 )
2.9954‚10-3, anda2 ) 1.3285‚10-4. Theκ listed in Table 3 are

shown in Figure 6 as fractional deviations from eq 8 along with
those reported by other workers.6,10,13In the temperature range
that overlaps the values listed in Table 3, the conductivities
reported by Widegren and Magee,1 with w(H2O) ) 10‚10-6,
Widegren et al.,13 and Tokuda et al.10 differ from eq 8 by less
than the estimated expanded uncertainty of the measurements
reported here. Not surprisingly, the conductivities reported by
Widegren and Magee1 with w(H2O) ) 940‚10-6 lie systemati-
cally above the values from eq 8 by about 5 %. Extrapolation
of our results to a temperature of 273 K, 5 K below our lowest
experimental temperature, provides a value of about 3.3 % above
the measurement of Tokuda et al.,10 while extrapolation of eq
8 to (333, 353, and 373) K, the estimates differ by (-0.3, 4.5,
and 1.7) % from those of ref 10. This agreement is remarkable
given the extrapolation of 50 K from the highest temperature
of our measurements ofT ) 323 K, and this extrapolation is
equivalent to the temperature range of our measurements; no
particular interpretation should be placed on this agreement
which is, in the absence of other measurements, considered
fortuitous. The correlation of theκ reported by Widegren et
al.,13 which is identical in form to eq 8 and based solely on
their measurements, when extrapolated toT ) 273 K differs
from the results of Tokuda et al.10 by -12 % (about 3 times
the difference from eq 8), while at higher temperatures the
differences are within( 2.5 %.
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