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ABSTRACT: Several previous measurements of the isobaric heat capacity of the ionic liquid 1-hexyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)amide ([Hmim][Tf,N]) differ relative to the IUPAC recommended value by =+ 8 %. Specifically, the
results obtained by differential scanning calorimetry (DSC) showed relative difference from each other and from values determined
by adiabatic calorimetry by up to 12 % and by 6 % on average. The aim of this work was to explore the reason for these discrepancies
in DSC measurements. Accordingly, measurements of the isobaric heat capacity and low temperature thermal transitions of
[Hmim][T£,N] and 1-octyl-3-methylimidazolium bis(trifluoromethylsulfonyl)amide ([Omim][Tf,N]) made by DSC are reported
here. The isobaric heat capacities for both ionic liquids were measured on samples of (5 to 9) g over the temperature ranges (303 to
373) K for [Hmim][T£,N] and (288 to 373) K for [Omim][T£,N] using steps of 10 K and a scan rate of 0.025 K- min~ '. These heat
capacity measurements were consistent, within their estimated relative uncertainty of 3 %, with the values measured by adiabatic
calorimetry and with the DSC measurements made at scan rates of less than 1 K-min~ ' on samples of 5 g or greater. In addition,
several thermal transitions were observed for these ionic liquids at temperatures down to 140 K. For [Hmim][Tf,N] a melting
temperature of (272 = 1) K and an enthalpy of fusion of (62 & 2) J-g ' were measured, which are consistent within the combined
uncertainties with those of Shimizu et al. (J. Phys. Chem. B 2006, 110, 13970—13975). After tempering the [Omim][Tf,N] sample, a
melting temperature of (250 & 1) K and an enthalpy of fusion of (58 £ 2) J-g~ ' was obtained, which differ by 1.6 K and 3.7 %

respectively from values reported by Paulechka et al. (J. Chem. Thermodyn. 2007, 39, 866—877).

B INTRODUCTION

Ionic liquids are commonly defined as organic salts that have
melting temperatures of less than 373 K. They have a range of
properties that may make them useful replacements for volatile
organic solvents such as their extremely low vapor pressure,
nonflammability, and in many cases low toxicity.” Reviews by
Zhao," Plechkova and Seddon,” and Werner et al.® describe the
present industrial processes which use ionic liquids and discuss
many other possible industrial applications of ionic liquids. To
evaluate their use in such processes the thermophysical proper-
ties of ionic liquids need to be well understood. In 2002 IUPAC
launched project 2002-005-1-100 entitled Thermodynamics of
ionic liquids, ionic liquid mixtures, and the development of standar-
dized systems. An objective of the IUPAC project was to make
reference quality measurements of important thermophysical
properties of the selected ionic liquid to establish recommended
reference values of these properties. The reference ionic liquid
selected was 1-hexyl-3-methylimidazolium bis(trifluoromethy-
Isulfonyl)amide ([Hmim][Tf,N]) and a “IUPAC” sample of this
liquid was prepared and distributed to all researchers participat-
ing in the project.*

Heat capacity is a particularly important property for process
design, and Paulechka® has recently published a critical review of
ionic liquid heat capacities. For [Hmim][Tf,N] three sets of heat
capacity measurements were collected as part of the initial
TUPAC study.* Heat capacities of the [IUPAC sample of liquid
[Hmim][Tf,N] were measured using adiabatic calorimetry by
Shimizu et al. and Blokhin et al.” and using differential scanning
calorimetry (DSC) by Archer.® In addition, all three groups
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measured the heat capacity of crystalline [Hmim][Tf,N] phases
and its enthalpy of fusion. The IUPAC recommended values for the
heat capacities and enthalpy of fusion were published by Chirico et al.”
In addition to the [IUPAC commissioned measurements, Crosthwaite
et al,"" Diedrichs and Gmehling,'' and Ge et al'* published
measurements of the heat capacity of [Hmim][Tf,N] made using
DSC. A summary of the literature data and the measurement details is
given in Table 1. Chirico et al. noted that there were “surprisingly
large” deviations between the IUPAC recommended values and other
measurements using DSC. The relative difference from the IUPAC
recommended heat capacity of the DSC measurements of
Crosthwaite et al,, Diedrich and Gmehling, Archer, and Ge et al.
were —7 %, (20 5) %, (0.5 to 6) %, and (3 to 6.5) %, respectively."®
A possible contributing factor to these large deviations was the
method of measurement including factors such as the scan rate and
sample size. For each measurement set, Table 1 lists the sample mass,
scan rate, DSC method, as well as the DSC instrument used for the
measurements. As a result of these large differences in the DSC results,
one of us (KKN.M.) acting as the IUPAC project chair requested two
additional sets of DSC measurements to try and resolve the
discrepancies. Recently, one set of those additional measurements,
corresponding to the temperature range (323 to 573) K, was reported
by Bochmann and Hefter."* The purpose of this paper is to report the
results of the second set of DSC measurements made over the lower
temperature range (300 to 373) K.
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Table 1. Scan Rates, Sample Mass, Calorimeter Manufacturer, Method, and Estimated Relative Standard Uncertainty for
Literature Heat Capacity Measurements by DSC of Liquid [Hmim][Tf,N] and [Omim][Tf,N]

B Msample T range

author K min "' mg K manufacturer DSC method uf
Archer®” N 2to 1S 196 to 370 TA Instruments DSC-2920 continuous scan 6%
Bochmann and Hefter'* 0.25 ¢ 325 to 564 Setaram C80 S K steps
Bochmann and Hefter'* 1 ¢ 325 to 564 Setaram C80 20 K steps 0.7 %
Bochmann and Hefter™* 0.5 ¢ 325 to 564 Setaram C80 10 K steps
Crosthwaite et al.'*? 10 20 to 507 298, 323 Mettler-Toledo DSC822 continuous scan 11 %
Diedrichs and Gmehling (1)'"* 0.15 5000 to 8000 318 to 418 Setaram BT 2.15 continuous scan 5%
Diedrichs and Gmehling (2)“’h 20 Sto 10 320 to 425 TA Instruments DSC Q100 continuous scan 5%
Diedrichs and Gmehling (3)'r 2° Sto 10 323 to 423 TA Instruments DSC Q100 modulated DSC* S%
Ge et al."? 20 Sto 10 293 to 358 TA Instruments DSC Q100 continuous scan 12 %

“ B represents the scan rate. " Work includes measurements of [Hmim][T£,N] only. © Volumetric heat capacities were measured with a calorimetry cell
volume of & 15 mL. ¢ From Fredlake et al.***2 K-min ", temperature amplitude of & 0.531 K, 100 s modulation period.f Relative standard uncertainty
estimates from Paulechka.®

Table 2. Mass Fraction of Water, w, in Ionic Liquids Measured by Coulometric Karl Fischer Titration prior and after Calorimetry

run 1 prior 10%w run 2 prior 10%w run 1 after 10% run 2 after 10%w

[Hmim][T£,N] 13
[Omim][T£,N] 7

not measured 103

not measured 4

In addition, measurements of the heat capacity and enthalpy of
fusion of 1-octyl-3-methylimidazolium bis(trifluoromethylsul-
fonyl)amide [Omim][Tf,N] are reported here, again over a
complementary temperature range to that of Bochmann and
Hefter." Prior to these two new studies, the discrepancies in the
reported heat capacity measurements of [Omim][Tf,N] were
more problematic than for [Hmim][Tf,N] because all three
existing data sets were inconsistent. The heat capacities measured
using DSC by Crosthwaite et al.” were 5 % lower relative to those
reported by Paulechka et al.'” using adiabatic calorimetery.
Subsequent DSC measurements reported in 2008 by Ge
etal.'" were on average a further 8 % larger relative to the values
of Paulechka et al.'”” A summary of the available literature heat
capacity data for [Omim][T£,N] is also given in Table 1.

B EXPERIMENTAL SECTION

Apparatus. Heat capacities and enthalpies of thermal transi-
tions were measured using a differential Setaram BT 2.15 Tian-
Calvet heat flow calorimeter."" This calorimeter utilizes liquid
nitrogen for cooling and can operate between (77 and 473) K.
The power detection threshold of the calorimeter was between
(2 and 20) 4W depending on the sample and scanning rate. The
sensitivity of the calorimeter’s heat flux sensor varies between (18
and 34) uV-mW ' depending on the temperature. The heat flux
sensor was calibrated using electrically heated Joule cells pro-
vided by Setaram.

Materials. Samples of [Hmim][Tf,N] and [Omim][Tf,N]
were prepared at the University of Canterbury New Zealand and
transported under a nitrogen atmosphere to the University of
Western Australia. Prior to the measurements, about 50 cm® of ionic
liquid was added to a custom drying and storage flask with a magnetic
mixing bar. The liquid was stirred with the magnetic mixer and heated
in an oven to 343 K while a vacuum of (10 to 30) Pa was applied.
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After about 48 h the vacuum pump was switched off and the flask was
flushed with dry nitrogen. Samples were then taken via the flask’s
septum for Karl Fischer titration (Metrohm 831 Coulometer). Two
samples of both [Hmim][T£,N] and [Omim][Tf,N] were used in
the calorimetric measurements. The mass fractions of water in these
samples, measured before and after the measurements, are listed in
Table 2.

Heat Capacity Measurements. In early experiments sam-
ples of ionic liquid were taken by syringe out of the storage flask
and injected in to a dry N, flushed standard 8 mL stainless steel
calorimeter cell. Dry N, was flowed into the top of the cell for
about a minute before the cell’s lid was closed, compressing an
O-ring seal. In later experiments the transfer technique was
further refined to minimize exposure to moisture in the air. A
10 mL syringe flushed with dry nitrogen was used to remove
samples of the dried ionic liquid from the flask. The syringe was
then placed inside a glovebag with a dry N, atmosphere. The
sample cell was similarly flushed and placed inside the glovebag.
Finally with both the syringe and the cell inside the glovebag, the
sample was injected into the cell, which was then sealed. In all of
the experiments, the calorimeter’s reference cell was filled with
dry nitrogen.

Heat capacity measurements were made using the step technique
described by the manufacturer and by Bochmann and Hefter.'*
Samples were equilibrated for 5.5 h initially and also following each
10 K temperature step, during which the rate of heating was 0.025
K-min~'. The mass of each sample is listed in Table 3. Heat
capacities of the ionic liquids were calculated from

_Ddt— [Dy dt
v = mAT,

(1)

tep

where f @, dt is the integrated heat flow difference between the cell
with sample and the reference cell containing dry N, over the
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Table 3. Masses of Ionic Liquids Used in Experiments”

run 1 run 2 low temperature transitions

m/g m/g m/g
[Hmim][T,N] 9.404 £ 0.001 5.7238 & 0.0001 11.7613 £ 0.0002
[Omim][T£,N] 5.454 £0.001 5.5846 £ 0.0001 5.5846 4 0.0001

“ Masses listed are the true masses. The density used to calculate the true mass for [Hmim][Tf,N] was from taken from the equation provided in the
review of Chirico et al.,” and for [Omim][Tf,N] was taken from Tokuda et al.** The size of the buoyancy correction was approximately 0.072 % and

0.076 % for [Hmim][T£,N] and [Omim][Tf,N], respectively.

Table 4. Enthalpies of Fusion and Melting Temperatures of Water and Mercury

B/ K-min " 0.025 0.050 0.075 reference this work reference
Agush/ kg ! Agsh/I kg™ Agosh/I kg ! Agsh/I kg ™! Trus /K Tres /K

water 342.88 345.89 347.04 333.5402" 273.09 273.15

mercury 11.563 11.568 11.554 11.471 4 0.005*# 234.18 234.3210 4 0.0005"7

temperature step, f @, dt is the integrated heat flow difference for a
scan where both the sample and reference cells were filled with dry
N,, mis the sample mass, and ATy, is the temperature step interval.

Low Temperature Transitions and Enthalpy of Fusion
Measurements. The heat flow measurements made during
the scans of the low temperature transitions are shown in
Figures S1, S2, and S3 of the Supporting Information (SI).
The [Hmim][Tf,N] sample was first cooled to 148.15 K over-
night. Its temperature was then rapidly increased to 223.15 K
where it was held constant for several hours before the sample
was heated at a rate of 0.025 K- min ' from (223.15 t0 298.15) K
(Figure S1). In another experiment, a sample of [Omim][Tf,N]
was cooled to 148.15 K and held at that temperature for 2 h. The
sample was then heated at a rate of 0.08 K+-min ™' from (148.15
to 323.15) K (Figure S2). An exothermic event occurred just
below the melting temperature and consequently the two
enthalpy peaks overlapped. Subsequently, the same sample of
[Omim][T£,N] was cooled to 223.15 K and held there for 4 h
before being heated at 0.03 K-min™ ' to 238.15 K where the
sample was tempered for about 12 h to ensure the glass phase
transition was completed. The sample was then cooled to and
maintained at 223.15 K for another 8 h before it was heated at a
rate of 0.03 K-min~ ' from (223.15 to 278.15) K (Figure S2).
This avoided the problem of overlapping peaks and allowed the
enthalpy of fusion to be determined reliably. The buoyancy
corrected true mass of both the [Hmim][Tf,N] and
[Omim][T£,N] samples are listed in Table 3. The enthalpy of
fusion, Ag,sh, was calculated from

Apsh = / @, dt/m 2)

where f @, dt is the integrated heat flow difference between the
cell with sample and the reference cell containing dry N, over the
fusion peak and m is the mass of the sample.

Uncertainty Estimation. To test the calorimeter’s perfor-
mance and the sample thermometer’s calibration, enthalpy of
fusion measurements were conducted with deionized water and
with mercury at scan rates, 3, of (0.025, 0.050, and 0.075)
K-min~ '. The temperature ranges of the scans were (253.15
to 288.15) K for water and (213.1S to 248.15) K for mercury.
The onset temperature as a function of the scan rate is shown in

Figure S4a and S4b of the SI for water and mercury, respectively.
The extrapolated onset temperature for a scan rate of zero was
(273.10+0.03) Kand (234.18 4 0.02) K for water and mercury,
respectively, compared to the ice point of 273.15 K for water and
recommended melting temperature of 234.3210 K for
mercury.'” All onset temperatures measured in this work for
the ionic liquid samples were corrected for scan-rate dependence
by (3.4 ) K, where the multiplier is the average of the slopes
shown in Figure S4 for water and mercury. The enthalpies of
fusion measured for water and mercury are given in Table 4 and
were 3.7 % and 0.8 % higher relative to their respective reference
values."®" The water was not degassed and this could have
affected the Ag,H determination.
The van’t Hoff equation®®

T = Ty — x(RTo*/AgsHm ) 1/f (3)

provides a method for calculating the freezing point depression.
Here T is the melting temperature of the pure substance, « is the
mole fraction of impurity in the liquid solution, Ag,H,, is the
molar enthalpy of fusion, and fis the fraction of the solid melted.
Assuming that the liquid phase is an ideal solution and that the
impurities do not form a solid solution, it is possible to estimate
the level of impurities in the sample from a DSC enthalpy fusion
peak using eq 1.*° The purities of the [Hmim][Tf,N] and
[Omim][Tf,N] samples were estimated from the enthalpy of
fusion scans, where the fraction melted as a function of tempera-
ture was calculated from the cumulative area fraction of the
enthalopy of fusion peak by the calorimeter’s Calisto software (see
Laye®). The leading slope of a mercury enthalpy of fusion peak
(73 mW-K ") at the same scan rate as the ionic liquid fusion
scans was used to correct for the effects of thermal lag. Fitting the
van't Hoff equation from (S and 25) % of the fusion peak area
gave mole fraction purities of 0.9985 and 0.9902 for the
[Hmim][T£,N] and [Omim][Tf,N] samples, respectively.

From the enthalpy of fusion and purity analyses, we estimate
that the relative combined uncertainty, u,,, at a 95 % confidence
limit in the enthalpies of fusion to be about & 3 % and the
standard uncertainty in the temperature to be £ 0.25 K. We
estimate that the relative standard uncertainty in the heat
capacity measured by the step method is also likely to be about
+ 3 %.
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Table 5. Experimental Isobaric Heat Capacities of
[Hmim][TE,N], u(T) = 0.25 K, u,(c,) =3 %

run 1 run 2

T G T cy
K J.g’l.K’l K _]~g'l'K'l
312.83 1413 302.86 1.465
322.81 1431 312.83 1.476
332.78 1.449 322.79 1.489
342.76 1.468 332.76 1.492
352.72 1.489 342.73 1.500
362.68 1.517 352.70 1.512
372.64 1.543 362.67 1.527
372.64 1.543

L9+t

Vg K

Figure 1. Isobaric heat capacity of [Hmim][Tf2N] as a function of
temperature, 4, this work — run 1; 0, this work — run 2; v, Crosthwaite
et al,;'® * Shimizu et al,;° circle with X, Diedrichs and Gmehling (1) 1
%, Diedrichs and Gmehling (2);"! 4, Diedrichs and Gmehling (3);' o,
Archer;® @, Blokhin et al. (1);” O, Blokhin et al. (2);” A, Ge et al ;'
O, Bochmann and Hefter.'*

B RESULTS AND DISCUSSION

Heat Capacities. The measured heat capacities of
[Hmim][Tf,N] are listed in Table S and are compared to
literatures values in Figure 1. Figure 2 shows a deviation plot
of the heat capacities from the IUPAC recommended values.
These recommended values by Chirico et al.” are in the form of a
weighted least-squares polynomial fit to the adiabatic calorimetry
data of Shimizu et al.’ and Blokhin et al.” as well as the DSC data
of Archer® between (190 to 370) K. Our heat capacities are
within 3 % (estimated standard relative uncertainty u, = 3 %) of
the recommended values for all but three of the measurements.
We note that the data set of Diedrich and Gmehling (3)"" was
measured with a Setaram BT 2.15, the same as used in this study,
and that their data closely matches our data. Diedrich and Gmehling
measured the heat capacity over the whole temperature range by a
continuous scans method, in which three sets of scans were

190 210 230 250

270 290 310 330 350 370
TIK

Figure 2. Deviation plot for [Hmim][Tf,N] isobaric heat capacity from
the IUPAC recommended values (Chirico et al.”), #, this work — run 1;
¢, this work — run 2; V, Crosthwaite et al.;' * Shimizu et al.;° circle with
X, Diedrichs and Gmehling (1) ;1 %, Diedrichs and Gmehling (2) P
Diedrichs and Gmehling (3);"" o, Archer;® @, Blokhin et al. (1);” O,
Blokhin et al. (2);” A, Ge et al;'* O, Bochmann and Hefter."* The
combined expanded uncertainty in the TUPAC recommended values is
represented by the dashed lines.

performed against the reference cell, one with the ionic liquid, one
with N,, and one with 0-Al,O; as the calibration substance.
Bochmann and Hefter'* measured the volumetric heat capacities
at 10 MPa using three sets of step scans with a Setaram C80 heat
flow Tian-Calvet calorimeter. Dry N, was used in the reference cell
and water was used as a calibration substance in the sample cell. The
cell and connecting tube was completely filled with the sample and
at 1 cm above the cell the tubing was heated to 1 K above the cell
temperature to limit heat transfer up the tube. Steps of S and 20 K
were used at two different scan rates. We note that Bochmann and
Hefter’s heat capacity data closely matches the adiabatic data and
appears to have a similar slope with temperature. Diedrich and
Gmehling’s, Bochmann and Hefter’s, and our data were all collected
with relatively large sample masses of more than S g and with slow
scan rates of less than 1 K-min™ . Other DSC data sets, namely
Crosthwaite et al,"® Diedrichs and Gmehling data sets (2) and (3),
Archer,® and Ge et al."” were measured with small sample sizes of
less than 50 mg and scan rates between (2 and 20) K-min ™.
Archer’s data generally agree well with the values obtained using
adiabatic calorimetry but at both the lower and higher temperature
extremes of the scan, the relative difference increases to almost 6 %.
In general the DSC data with smaller samples and faster scan rates
are higher by up to 8 %, from the adiabatic measurements and those
measured with a DSC with a lar§e sample and slow scan rate. (The
DSC data of Crosthwaite et al." are an exception being 7 % lower
than the adiabatic values.)

The heat capacities of [Omim][Tf,N] measured in this work
are listed in Table 6 and are compared to literature values in
Figure 3. Figure 4 shows a deviation plot of the heat capacities
from recommended values given in a recent critical review by
Paulechka.® Paulechka fitted literature data which he had as-
signed a relative standard uncertainty of less than 2.5 % (refer to
Table 1) to a polynomial by weighted least-squares between (188
and 370) K. As for the [Hmim ][ Tf,N] measurements our heat

2156 dx.doi.org/10.1021/je101213p |J. Chem. Eng. Data 2011, 56, 2153-2159



Journal of Chemical & Engineering Data

Table 6. Experimental Isobaric Heat Capacities of
[Omim][TE,N], u(T) = 0.25 K, u,(c,) =3 %

run 1 run 2
T G T cy
K J.g’l.K’l K J.g'l.K'l
302.88 1.455 281.99 1.458
312.86 1.483 291.95 1.462
322.84 1.513 302.86 1.451
332.81 1.540 312.83 1.482
342.78 1.573 322.79 1.501
352.74 1.593 332.76 1.513
362.71 1.614 342.72 1.525
372.66 1.639 352.68 1.535
362.65 1.549
372.62 1.560
2.0 ] 1 1 1 1 1 1
] O
1.9 1 /A |
< DD
] O
1 mi L
1.8 7 DD
] ot
éd 1.7 E DDD -
2 o0
1.6 7 r
1.5 :
14 -
13 +—r—r————t———————t————t

250 300 350 400 450 500 550 600
T/K

Figure 3. Isobaric heat capacity of [Omim][Tf,N] as a function of
temperature, 4, this work — run 1; O, this work — run 2; v, Crosthwaite
et al,;'° O, Paulechka et al.;** A, Ge et al.;*> [J, Bochmann and Hefter.'*

capacities are consistent with the recommended values within
our estimated experimental uncertainty. Bochmann and
Hefter's'* DSC measurements of [Omim][Tf,N] are also con-
sistent with the adiabatic calorimetry measurements within the
combined uncertainty. Again, DSC measurements with large
sample mass and slow scan rates contrast with DSC results
obtained with small samples and faster scan rates.

We conclude from both sets of measurements that sample
masses greater than S g and slower scan rates, less than 2 K+ min~*
give more reliable heat capacities by DSC for ionic liquids. In
particular the DSC technique used by Bochmann and Hefter
gives heat capacity data that closely match the adiabatic values
and have smaller scatter than other DSC measurements.
Paulechka® independently estimated the relative standard un-
certainty of Bochmann and Hefter’s heat capacity measurements
to be 0.7 %. The high quality of those DSC data is probably due to
the use of a calibrant and the volumetric measurement technique
where the volume or mass of the material is not required as it is

Figure 4. Deviation plot for [Omim][Tf,N] isobaric heat capacity from
the Paulechka’s® recommended values, 4, this work; <, repeat this
work; V, Crosthwaite et al;'° O, Paulechka et al;** A, Ge et al;'*
O, Bochmann and Hefter."*

accounted for by the calibration method. Furthermore, the step
method is preferable to the continuous scan method commonly
used in DSC measurements as it eliminates the problem of
sample-furnace temperature lag which is particularly problematic
with larger sample masses. It is also noted that in Bochmann and
Hefter’s technique the calorimetric cells were not removed
between measurements, minimizing any effects of changes in
cell orientation or surface contact with the calorimeter’s furnace.

Low Temperature Thermal Transitions and Enthalpies of
Fusion. Table 7 contains a summary of the enthalpy of fusion
and melting temperatures measured in this work and reported by
other workers for [Hmim ][ T£,N] and [Omim][T£,N]. The low
temperature scan for [Hmim][Tf,N] is shown in Figure S1. An
event, possibly related to the completion of crystallization or a
transition from a metastable to stable crystal structure, occurred
at an onset temperature of 241.53 K. The ionic liquid melted at
an onset temperature of 271.45 K with an enthalpy of fusion of
61.90]-g " ". The thermogram is similar to that given by Archer.®
Our enthalpy of fusion is about 2 % relative lower than Shimizu et
al’s value (the ITUPAC project recommended value), which is
within the combined uncertainties, and our melting temperature
is 0.32 K higher.

The low temperature scans for [Omim][Tf,N] are presented
in Figures S2 and S3. In Figure S2 a glass transition was observed
at T A~ 185 K. Another transition, possibly an exothermic
devitrification, occurred at an onset temperature of 230.11 K.
In this scan, however the exothermic peak overlapped the
enthalpy of fusion peak which is estimated to have an onset
temperature of 250 K. For this reason a repeat scan was made
after tempering as described in the Experimental Section. Figure
S3 shows that for this scan the exothermic event was completely
eliminated by tempering, allowing the enthalpy of fusion to
be determined as $7.66 J+g~ ' with an onset temperature of
249.81 K. Our enthalpy of fusion is 3.7 % lower relative to the
value reported by Paulechka et al.*' for crystal structure III and
our melting temperature is about 1.5 K lower. Both differences
are greater than the combined uncertainties but Paulechka et al.*'
notes that several crystal phases exist close to this temperature.
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Table 7. Melting Temperatures and Enthalpies of Fusion of [Hmim][Tf,N] and [Omim][T£,N] Crystal III

T Apch
K KJ-kg" method

[Hmim][TEN] 27145 £ 0.25 61.90 + 1.86 DSC this work
271.13* 63.34° AC Shimizu et al.®
272.03 £ 0.01 62.78 £ 0.17 AC Blokhin et al.” — crystal ot
272.03 £ 0.01 62.95 £ 0.08 AC Blokhin et al.” — crystal 8
272.03 £ 0.01 63.20 = 0.11 AC Blokhin et al.” — crystal y
272.11 £ 0.29 62.20 £ 0.49 DSC Archer®

[Omim][TEN] 249.81 £ 0.25 57.66 £ 1.73 DSC this work
251.42 4 0.02 59.90 + 0.27 AC Paulechka et al.>! — crystal III

“ Uncertainty not estimated by authors.

Paulechka et al*' studied these different solid phases of
[Omim][T£,N] with adiabatic calorimetry using different tem-
pering techniques. They noted that crystal structure III is
metastable compared to crystal structures I and II, which melt
at (263.96 and 255.9) K, respectively.”'

B ASSOCIATED CONTENT

© Supporting Information. Thermograms of the low tem-
perature transitions as well as plots of the onset temperature of
the enthalpy of fusion for mercury and water as a function of scan
rate. This material is available free of charge via the Internet at
http://pubs.acs.org.
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