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Liquid —Liquid Equilibria of Hydrofluoroethers and lonic Liquid
1-Ethyl-3-methylimidazolium Bis(trifluoromethylsulfonyl)imide

Mark B. Shiflett* -t and A. Yokozeki

DuPont Central Research and Development, Experimental Station, Wilmington, Delaware 19880, and DuPont Fluoroproducts
Laboratory, Chestnut Run Plaza 711, Wilmington, Delaware 19880

Binary liquid—liquid equilibria (LLE) in mixtures of five hydrofluoroethers and room-temperature ionic liquid,
1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, have been measured for the first time using the
volume—-mass method. All five binary systems show large immiscibility gaps. The ionic liquid-rich side solutions
become increasingly more soluble in HFE (hydrofluoroether) as the HFE normal boiling point decreases. Observed
LLE are well correlated by use of the nonrandom two liquid (NRTL) solution model. The excess molar volumes
of the HFE and ionic liquid rich side solutions are small and similar to ordinary binary mixtures which is opposite
to what we have previously reported with hydrofluorocarbons (HFCs) in ionic liquids. Therefore, the insertion of
an ether oxygen has changed the liquid structure of HFEs vs HFCs in ionic liquids.

Introduction

The present report is part of our continuing studies on the
phase behavior of room-temperature ionic liquids (RTILs) with
fluorinated compounds. Although we have conducted many
solubility studies for various hydrofluorocarbons (HFCs) in
RTILs 11 this is the first study to report the solubility of
hydrofluoroethers (HFESs) in RTILs. HFEs are an important new
class of compounds that many researchliet§ and industrial
companies such as 3¥lare studying and producing as long-
term alternatives to ozone-depleting compounds. The insertion
of an ether oxygen atom into the HFC molecule was originally
done to modify the thermophysical properties of the compounds

for specific end uses such as solvents, cleaning, heat transfer
and other applications. However, one of the principal advantages

of the HFE structure has been determined to be the significantly
shorter atmospheric lifetimes when compared to many HFCs;
thus HFEs reduce greatly the global warming impact due to
the greenhouse effect. The wide range of structures and
thermophysical properties makes this class of compounds
interesting to study with mixtures of RTILs.

Therefore, to understand the solubility behavior of hydro-
fluoroethers in RTIL mixtures, we have studied ligtiliquid
equilibria (LLE) of binary mixtures of five fluoroethers RTIL
(1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)im-
ide: [emim][Tf:N]); see Figure 1 for the chemical structure.
LLE experiments have been performed using the maskime
method®7:9-11 Solubility data and data correlation with the
nonrandom two liquid (NRTL) solution modélare presented.

Experimental Procedures

Materials. HFE-7000 (Novec 7000 Engineered Fluid, 1.D.
No. 98-0212-2969-9, Lot No. 920013, 1-methoxyhepta-
fluoropropane, C¥CF,CF,—0O—CHs, HFOC-347sko6, CAS
registry no. 375-03-1), HFE-7100 (Novec 7100 Engineered
Fluid, I.D. No. 98-0211-8940-6, Lot No. 924322, consists of
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two inseparable isomers with essentially identical properties:
1-methoxynonafluoroisobutane (FCFCR—0O—CHs, HFOC-
449mmzcEo, CAS registry no. 163702-08-7, and 1-methox-
ynonafluorobutane GEF,CF,CF,—0—CHs, HFOC-449b¢,
CAS registry no. 163702-07-6), HFE-7200 (Novec 7200
Engineered Fluid, 1.D. No. 98-0211-9362-2, Lot No. 924175,
consists of two inseparable isomers with essentially identical
properties: 1-ethoxynonafluoroisobutane {ZEFCHL—0O—
CHyCHjs, HFOC-569mmzcld, CAS registry no. 163702-06-

5, and 1-ethoxynonafluorobutane C-,CFR,CF,—0O—CH,CHj,
HFOC-569sfde, CAS registry no. 163702-05-4), HFE-7300
(Novec 7300 Engineered Fluid, 1,1,1,2,2,3,4,5,5,5-decafluoro-
3-methoxy-4-(trifluoromethyl)-pentane, gE~CF(OCH;)CF-
(CRs),;, HFOC-569sflde, CAS registry no. 132182-92-4), and
HFE-7500 (Novec 7500 Engineered Fluid, 1.D. No. 98-0212-
2932-7, Lot No. 920038, 2-trifluoromethyl-3-ethoxydodeca-
fluorohexane, CECF,CF,CF(OCHCH3)CF(CFR),, HFOC-64-
13mmzzsBd’, CAS registry no. 297730-93-9) were obtained
from 3M (St. Paul, MN)” The molecular weight, normal boiling
points, global warming potential (GWP), and atmospheric
lifetime (ALT) for the hydrofluoroethers are provided in Table
1. The purities of these five hydrofluoroethers were ea®9.0

% and were determined using a gas chromatography mass
spectrometry (GCMS) method (Agilent 6890N, Restek Rtx-200
column, 105 mx 0.25 mm). The ionic liquid [emim][TiN]
(EMIIm, electrochemical grade, assay99.5 %, GH11FeN304S,,

Lot and Catalog no. 259095 IL-201-20-E, CAS registry no.
174899-82-2) was purchased from Covalent Associates Inc.
(Woburn, MA)1° Methyl alcohol (assay 99.9 %, Product and
Batch no. 646377-1L 05441CE, CAS registry no. 67-56-1) was
obtained from Sigma-Aldrich, Inc. (St. Louis, MO), and was
used as a reference fluid for volumetric calibration of the
experimental LLE apparatus.

The [emim][TEN] sample was analyzed to verify the stated
purity. The initial as-received mass fraction of water was
measured by Karl Fischer titration (Aqua-Star C3000, solutions
AquaStar Coulomat C and A). The sample contained a water
mass fraction of about 4180 6. A 20 mL sample of water
was used to extract fluorine, chlorine, and bromine from 0.2 g
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Chemical Name Abbreviation Structure Molar Mass

1-ethyl-3-methylimidazolium [emim][Tf;N] 391.31
bis(trifluoromethylsulfonyl)imide
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Figure 1. Chemical structure of ionic liquid [emim][EN].

Table 1. Hydrofluoroether Chemical Formula and Physical and Environmental Properties

MW NBPe ALT®
HFE chemical structure -giol? K GwpPd yrs
HFE-7000 CECRCR,—0O—CHs 200 307.2 370 4.9
HFE-7100 CEBCRCRCFR—0—CHgz? 250 334.2 320 4.1
HFE-7200 CRCRCFR.CFR,—0O—CH,CH3s? 264 349.2 55 0.77
HFE-7300 CECFR,CF(OCH;)CF(CR)2 350 371.2 200 3.8
HFE-7500 CECRCRCF(OCHCH3)CF(CFR)2 414 401.2 210 25

a (CFs),CFCR—0O—CHjs consists of two inseparable isomers with essentially identical properties. See text for 8eEH#$.CFCRL—O—CH,CHs consists
of two inseparable isomers with essentially identical properties. See text for dehidisnal boiling point P = 1 atm) (ref 17)9 Global warming potential
(GWP), 100-year integrated time horizon (ITH); €& 1, ref 17, HFC-134a (CHFCFs) GWP = 1600 provided for comparison, ref 24Atmospheric
lifetime (ALT), ref 17, HFC-134a (CLFCRs) ALT = 13.6 yrs provided for comparison, ref 21.

Table 2. Hydrofluoroether Vapor Pressure and Liquid Density

of [emim][Tf,N] at ambient temperature for 24 h. The extract- Correlations?

able ions were measured by ion chromatography (column,

DIONEX AS17; eluent, (0.4 to 50) mM NaOH; flow, 1.0 HFE A B € D

mL-min~%;, sample loop, 10(L). The fluorine, chlorine, and :EE-;ggg gﬂg ggﬁ-g g-ggggg gg-igg
bromm_e1 ions were found toI befbelo_w theNdetecnon Itl)n'nt?gd HFE-7200 59 230 3750 P 511008 53,026
#g:mL). A 0.1886 g sample of [emim][EN] was combuste HFE-7300 22939 42452 237176  24.000

in a Wickbold torch, and the combustion gases were collected HFE-7500 22,517 4409.2 2.24048 20.936
in water (99.86 mL) and analyzed by ion chromatography for

total chlorine content. Two separate samples were analyzed and * Vapor pressure: l'j'WF’a)= A — BI(T/K). Liquid density: p (g-cm )
found to contain a chlorine mass fraction of (440 and 4B, = C = D107 (T/K). P Ref 17.€This work.

with an average of (46@- 20)-1075. - .
Elemental analysis was performed by Schwarzkopf Mi- ©N the other. The borosilicate glass tubes were cleaned in an

croanalytical Laboratory, Inc. (Woodside, N%9for carbon _ultrasonic bath filled with acetonef@ h and dried oyerr_light
(24.60 %), hydrogen (3.02 %), fluorine (29.70 %), nitrogen In a vacuum oven at 348'.15 K, Thg vplumg of each liquid layer
(10.75 %), and sulfur (17.05 %) content. Combining the results &S obtained by measuring the liuid height from the bottom
from each of the techniques described, we conclude that the®f the glass tubing, as described in our previous WofRs i
[emim][Tf.N] sample purity was> 99.4 % which compares ~ USing an electronic callper (Mitutoyo Corp., model no. CD-6
closely with the stated purity( 99.5 %) by the manufacturé, ~ CS. code no. 500-196) with an accuracy=6f0.01 mm. The
The [emim][TEN] was dried and degassed by first filing a  VO!lUme.v, versus the height), was calibrated experimentally
borosilicate glass tube with about 10 g of the ionic liquid and USiNg methyl alcohol, and a linear relation was obtained. The
pulling a coarse vacuum with a diaphragm pump (Pfeiffer, uncertainty in the volume is estimated to £€0.25 %.
model MVP055-3, Nashua, NH) for about 3 h. Next, the [emim]- The sample containers were initially weighed to determine
[TfoN] was completely evacuated using a turbopump (Pfeiffer, the tare mass. The samples were then prepared in a nitrogen
model TSH-071) to a pressure of aboutl@’ kPa while purged drybox to minimize water contact with the hygroscopic
simultaneously heating and stirring the ionic liquid at a [emim][Tf2N] ionic liquid. A glass pipet was used to add the
temperature of about 348 K for 5 days. The final mass fraction required amounts of [emim][3N] ionic liquid and hydrofluo-
of water was again measured by Karl Fischer titration, and the roethers. Two samples containing mole fractions of about (30
dried sample contained 1885 and 90) % for each hydrofluoroether and [emim}NT ionic
Experimental Method A detailed description of the experi-  liquid were prepared. The uncertainty in the mole fraction was
mental equipment, procedure, and principle of the method is estimated to bet 0.01 % (i.e., 10%). A Swagelok stainless
available in our previous repori€.2-11 Therefore, only the basic  steel (SS316) cap and plug with Teflon ferrules was used to
experimental technique and experimental uncertainties are givenseal the open end of the glass tubing before removing from the
here. drybox. Care is required when tightening the cap so that the
Low-pressure sample containers were fabricated from boro- ferrules seal against the glass tubing, but overtightening can
silicate glass tubing with an outside diameter of 12.69 mm, an crack the glass. The masses remained constant within the
inside diameter of 7.94 mm, and an overall length of 15.5 cm. accuracy £ 0.0001 g) of the balance (Mettler Toledo, model
The glass tubing was sealed with a torch on one end and openAG204) even after several weeks.
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Table 3. Hydrofluoroethers (1) + [emim][Tf 2N] (2) Systent

T v v VE VE
K 100x; 100x; cme-mol~1 cmemol~1 cmé-mol~1 cmé-mol~1
HFE-7000 (1)+ [emim][Tf2N] (2)
283.04+ 0.2 17.3+1.3 99.7+ 0.3 233.7+£1.1 138.6+ 0.6 -13+1.1 —-0.3+ 0.6
294.94+ 0.2 18.0+ 0.9 99.9+ 0.1 234.8£1.1 141.5+ 0.3 -18+1.1 -0.44+0.3
303.44+ 0.2 18.3+ 1.0 99.84+ 0.2 236.2£ 0.4 144.0+ 0.6 -1.7+04 —-0.5+0.6
313.7+ 0.2 19.0+ 0.7 99.7+ 0.3 237.2+0.5 146.8+ 0.6 -1.9+0.5 —-1.1+0.6
323.7+0.2 19.14+ 0.7 99.7+ 0.3 238.9+- 0.4 150.0+ 0.6 —2.1+04 —-1.0+ 0.6
333.0+ 0.2 19.3+ 0.6 99.7+ 0.3 239.8+ 0.6 153.0+ 0.6 —3.0+0.6 —-1.1+0.6
HFE-7100 (1)+ [emim][Tf2N] (2)
283.04+ 0.2 10.4+1.8 99.8+ 0.2 244.24+ 3.0 161.8+ 2.0 —1.2+3.0 0.3+ 2.0
297.1+ 0.2 10.4+1.8 99.6+ 0.4 246.7+ 2.9 165.5+ 1.7 -1.3+29 0.0+ 1.7
303.44+-0.2 10.8+1.8 99.6+ 0.4 247.0+ 2.8 167.0+ 1.7 —-1.8+2.8 -0.3+1.7
313.7+ 0.2 11.2+1.2 99.54+ 0.4 248.5+ 2.8 169.8+ 1.0 -1.9+28 -0.5+1.0
323.7+ 0.2 11.5+ 0.9 99.5+ 0.4 250.2+ 2.8 172.8£ 1.0 —-1.9+2.8 —-0.6+1.0
333.14+0.2 11.9+0.9 99.6+ 0.4 250.94+ 2.2 176.2+ 1.0 —22+2.2 -0.4+1.0
HFE-7200 (1)+ [emim][Tf2N] (2)
283.1+ 0.2 6.9+ 1.0 99.54+ 0.5 247.6+ 1.0 181.1+ 0.8 —-25+1.0 —-0.44+0.8
297.24+ 0.2 7.3+ 0.9 100.0—- 0.3 250.3+ 1.3 184.6+ 0.9 —-2.1+1.3 -0.5+0.9
303.44+0.2 7.4+0.9 99.6+ 0.4 251.2+1.1 186.7+ 0.8 —-22+1.1 —-0.6+0.8
313.7+0.2 7.5+0.9 100.0- 0.3 253.0+ 1.0 189.6+ 0.7 -23+1.0 -0.5+0.7
323.840.2 8.0+ 0.8 99.7+ 0.3 254.4+ 0.9 193.0+ 0.7 —2.4+0.9 -0.6+0.7
333.1+0.2 8.1+ 0.8 100.0- 0.3 256.0+ 1.0 196.2+ 0.7 —-2.6+1.0 —-0.4+0.7
HFE-7300 (1)+ [emim][TfN] (2)
283.1+ 0.2 99.9+ 0.1 2.8+ 0.7 206.6+ 1.0 254.0+ 1.5 -0.2+1.0 -1.0+15
296.64+ 0.2 100.0—- 0.2 29+ 0.6 210.7+1.2 255.14+1.3 -0.1+1.2 -1.1+13
303.54+ 0.2 100.0— 0.2 2.9+ 0.7 2127t 1.1 2571+ 1.1 -0.2+1.1 -0.8+1.1
313.1+0.2 99.9+ 0.1 3.8+0.8 2155+ 1.0 258.3+ 0.9 -05+1.0 —-0.8+0.9
322.84+0.2 99.9+ 0.1 4.84+0.8 219.0+ 1.0 258.5+ 1.3 -0.1+1.0 -1.6+1.3
333.3+ 0.2 99.9+ 0.1 3.6+ 0.7 222.0+ 0.9 261.7+1.1 —-0.5+0.9 -14+1.1
HFE-7500 (1)+ [emim][Tf2N] (2)
283.3+ 0.2 99.5+ 0.5 1.3+ 0.8 251.3+£ 2.2 255.1+ 2.0 —-0.1+2.2 —-0.2+2.0
297.3+ 0.2 99.5+ 0.5 21+ 1.0 255.44+ 2.0 257.4+ 2.0 —-0.3+2.0 -0.24+2.0
303.54+0.2 99.84+ 0.2 1.9+ 0.8 257.2+1.6 258.9+1.8 —-0.6+ 1.6 -0.4+1.8
313.54+ 0.2 99.7+ 0.3 1.7+ 1.1 260.6+ 1.8 260.2+ 1.8 -0.7+1.8 -0.44+1.8
323.84+0.2 99.9+ 0.1 1.4+ 0.8 263.9+ 1.7 262.2+1.9 -0.8+1.7 -0.2+1.9
333.1+0.2 99.5+ 0.5 4.3+ 0.7 267.3+ 2.0 264.2+ 1.3 —-0.8+2.0 -0.1+1.3

a V', observed molar volume lower phasg;observed molar volume upper pha¥€;, excess molar volume lower phasd&;, excess molar volume upper
phase

Initially, the samples were mixed at room temperature (293.2 heights were plotted as a function of time until no further change
K) by vigorously shaking the sample containers. To establish in the heights was detected. Using this procedure required 5
thermodynamic equilibrium, sufficient time and mixing were days to reach equilibrium at 283 K. These experiments were
required. A custom-made mixing apparatus, which can hold 14 repeated at various temperatures up to about 333 K.
sample containers, was designed for rocking the tubes back and
forth inside a water-filled Plexiglas tank, and the temperature Results
was controlled with an external temperature bath (PolyScience, Measurement Results and Uncertainty Estimationo use
model 1190S, Niles, IL) which circulated water through a copper the mass-volume method, the vapor phase was assumed to
coil inside the tank. The water bath was stirred with an agitator contain only HFE (negligible vapor pressure for [emim}NF
(Arrow Engineering Co., Inc., model 1750, Hillside, NJ), and ionic liquid).57*11 The HFE vapor density is also needed and
the temperature was measured with a thermocouple (Flukewas calculated assuming ideal gas behavior and using the
Corporation, model 521l thermometer, Everett, WA). The Fluke Antoine equation (InR/Pa)= A — B/(T/K)) with coefficients
thermocouple was calibrated using a standard platinum resis-provided in ref 17 and shown in Table 2. The uncertainty
tance thermometer (SPRT model 5699, Hart Scientific, Ameri- estimation for neglecting the moles of nitrogen in the vapor
can Fork, UT, range (73 to 933) K) and readout (Blackstack space during the filling process was calculated using an EOS
model 1560 with SPRT module 2560). The Blackstack instru- program?? The vapor correction resulted in a negligible change
ment and SPRT are a certified secondary temperature standardh the liquid compositionsxg = 0.03 % andx;’ = 0.0001 %
with a NIST traceable accuracy tb 0.005 K. The water bath  for the upper and lower liquid phases) and molar volurnes (
temperature uncertainties wete0.2 K. = 0.05 cn#-mol~! and AV’ = 0.001 cn¥-mol~? for the upper

The water bath temperature was initially set at about 283 K. and lower liquid phases); therefore, our assumption to neglect
Before height measurements were taken, the sample holder washe nitrogen in the sample container was justified.
positioned upright below the water level of the tank for (6 to The final equilibrium results for the molar compositions and
12) h. The volume of each liquid layer was obtained by volumes are provided in Table 3. One of the most useful pieces
measuring the liquid height from the bottom of the glass tube of information in the present method is to be able to obtain the
using the electronic caliper. The most difficult problem of the molar volume of each separated liquid simultaneously with the
experiments was to establish the equilibrium state. The mixing mole fraction of each liquid at any given isothermal condition.
and measurement procedure was repeated each day, and th€hen, the excess molar volume of each liquid solutidf &nd
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Figure 2. Temperature-composition LLE diagram of (a) HFE-7000 (%) [emim][Tf,N] (2), (b) HFE-7100 (1 [emim][Tf2N] (2), (c) HFE-7200 (1
[emim][Tf2N] (2), (d) HFE-7300 (1 [emim][Tf2N] (2), and (e) HFE-7500 (1) [emim][Tf2N] (2). Solid line: the NRTL model calculation. Broken lines:
experimental LLE tie lines. Symboldll, experimental data by the volumetric method.

VE) can be obtained, by use of the pure component molar were within 0.2 % of our measurements at 293 K, so we have
volumesV/° (HFE) andV,° ([emim][Tf.N]) using used this data as given in Table 2. However, the liquid densities
provided in ref 17 for HFE-7100 and HFE-7500 were not
consistent with our measurements, so we have developed our
own correlation g/grcm=3 = C — D-10~* T/K) which is
provided in Table 2. The molar volume for [emim]pN] was
calculated from known liquid density dafa.

Total uncertainties in the final composition and molar volume

VE =V, —x V" = x,V,2 or VE =V — x V.0 — %V, (1)

whereVp, is the measured molar volume of the mixtuxg, (=
V' for the lower phase 'Lor Vi, = V for the upper phase L) and
(X'1,X'2 Or X3,%2) are mole fractions of HFE (1) and [emim]EN] o . ; .
(2) in phases Land L, respectively. Saturated liquid molar determination are provided in Table 3. Total uncertainidesg
volumes for the HFEs were calculated using molecular weight = v 0xge>t+0xsg?) were estimated by calculating both the
and liquid density data. We checked the accuracy of the liquid overall random §xre) and systematic uncertaintie®xgg). The
density data provided in ref 17 using a 10 mL pycnometer and overall random uncertainties were estimated using the following
found that the data for HFE-7000, HFE-7200, and HFE-7300 error propagation method
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where oxge is the mole fraction or molar volume random
uncertainty of the liquid compositionax/op; is the partial
derivative ofx with respect to théth experimental parameter

pi, which is calculated from the sensitivity analysis of each
parameter; andp; is the estimated uncertainty of the experi-
mental parametep;. The following experimental parameters
were considered to have an effect on the random uncertainty:
sample container calibration constants, mass of HFE and [emim]-
[Tf2N], height of lower and upper phases. The heights had the
largest overall effect. The systematic uncertaintdesd) include

30
25 [
L HFE-7000
20 - W
-
[ -~
ol \\
S 15f A
- s, HFE-T100
g R
L I *.. HFE-T200
5 ",
5| "~ HFE-7300 e
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300 310 320 330 340 350 360 370 380 390 400 410

properly correcting for the area expansion, meniscus, and vapor-

phase moles. For additional details on estimation of total
uncertainties, see refs 6 and 7.

Model Comparisons of LLE Result®Results with the mass
volume method are given in Table 3 with estimated uncertain-
ties. LLE data measurements are shown in Figures &)avith
the following model correlation. Observed LLE data have been
modeled with the NRTL (nonrandom two liquid) solution
model!8 The binary activity coefficients of the NRTL are given

by
G 2 7,,G
In =x21( - )+ L 3)
nT [ 2% + %G, (X, + XlGlz)2
G 2 7,,G
2T R [ 2%, + %Gy (X, + X2621)2 @)
where
Gy, = exp(—or;,) andG,; = exp(—ar,,) (5)
_Agy _Ag,
T1p= ﬁ and121 = ﬁ

(adjustable binary interaction parameters) (6)
o= 0.2 (assumed to be a constant of 0.2 in this work)

¥ = mole fraction of théth species

The temperature-dependent binary interaction parameeis(
modeled here by a two-term empirical equation

(1)

T12 21

(TIK) MG

The binary LLE (L1 for liquid 1 and L2 for liquid 2) are
mathematically described by the following equilibrium condition

Yt =% (i =1, 2) 8)

Then, the two unknown adjustable parametgpsandr,; at a
givenT can be determined from one set of LLE experimental
(mass-volume method) data, using eq 8 (two nonlinearly

(€0
andz,; = 7,,%

=17,0 + (7)

T12

To /K

Figure 3. HFE solubility ;) vs HFE normal boiling pointT;) correlation

at about 300 K (the behavior at other temperatures is the same within a
mole fraction of £ 1 %). Dashed line: a trend line. Symbold,
experimental data by the volumetric method.

Table 4. Binary Interaction Parameters in Equation 7

system (1)/(2) 7149 7120 721©@ 721
HFE-7000/[emim][T§N] 0.0 1794.73 —0.63869 245.46
HFE-7100/[emim][T§N] 0.0 1535.22 0.0 209.87
HFE-7200/[emim][T$N] 9.40745 —1399.81 0.0 320.46
HFE-7300/[emim][T§N] 16.3152 —3561.72 0.0 547.25
HFE-7500/[emim][T§N] 0.0 1355.92 0.0 707.90

and HFE-7200, the upper liquid phasé) (vas HFE-rich and
the lower liquid phase\() was [emim][T&N]-rich. However,

for the larger hydrofluoroethers (HFE-7300 and HFE-7500), the
liquid densities (1.656 gm2 and 1.616 ecm™2 at 298.15 K,
respectively) are larger than [emim]pN] (1.517 gcm 2 at
298.15 K), and the opposite observation was found as shown
in Table 2. LLE data have been well correlated with the
nonelectrolyte NRTL solution model as shown in Figures2(a
e). The solubility behavior for all HFEs at about 300 K (similar
for other temperatures within a mole fraction ©f1 %) was
compared vs the normal boiling point temperature as shown in
Figure 3. The behavior shows that as the normal boiling point
decreases the solubility in [emim][Z2N] significantly increases.
This phenomenon has led us to continue our study of HFEs
with lower boiling points. Work is underway with lower-boiling
HFEs (HFE-125, CHF—O—CF;, Tp = 237 K at 1 atm, and
HFE-143a, CH—0—CF;, T, = 249 K at 1 atm)f to examine
this trend in increasing solubility vs lower boiling point and
will be reported in the near future.

The present volumetric method for LLE also provides the
information of the excess molar volume for each separated
liquid. The excess molar volume for HFE [emim][Tf,N] is
similar to other ordinary binary mixtur&swhere the excess
molar volume is at mosi- (2 to 3) cn?-mol~1. This is very
different from what we have previously found with
HFCS$ 7911 and CQ?26 which show very large negative

coupled equations). We have several sets of such LLE data andabout (10 to —25) cnf-mol~1) excess molar volumes for

can obtainr;; and,; as a function ofT. Thus, the empirical

ionic liquid rich side solutions. It is interesting to see that the

four parameters in eq 7 have been determined and are shownnsertion of an ether oxygen atom into the HFC molecule

in Table 4. Lines in Figures 2{ee) are calculated with the
present NRTL model using these parameters.
Discussion

All binary systems of the present study have shown large
immiscibilities. In the systems containing HFE-7000, HFE-7100,

significantly reduces the excess molar volume for HFEs
[emim][Tf2N] and indicates liquid structures different from
those in the HFCs with ionic liquids. This poses another
unique and interesting challenge for theoretical modelers to
explain the differences observed for HFEs and HFCs in ionic
liquids.
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Conclusions (10) Shiflett, M. B.; Yokozeki, A. Hydrogen substitution effect on the
e . . solubility of perhalogenated compounds in ionic liquid [bomim}§PF
Solubilities in five binary mixtures of hydrofluoroethetis Fluid Phase Equilib2007, 10.1016/j.fluid.2007.07.035.

RTIL ([emim][Tf2N]) have been measured with the mass (11) Shiflett, M. B.; Yokozeki, A. Solubility differences of halocarbon

volume method for the first time. All binary systems show large izs&;’r;frzsoifsionic liquid [emim][T&N]. J. Chem. Eng. Dat2007 52,

immiscibility gaps. The [emim][TiN]-rich side solutions be- (12) Tokuhashi, K.; Takahashi, A.; Kaise, M.; Kondo, S.; Sekiya, A.;

come more soluble in HFE as the HFE normal boiling point Yamashita, S.; Haruaki, |. Rate constants for the reactions of OH
decreases (i.e., molecular size decreases). This behavior will ~ radicals with CHOCRCHF,, CHROCH,CRCHF,, CHROCH,CF-
be studied further in future work. LLE data are well correlated CFy, and CREH,OCHCHE over the temperature range 25080 K.
e st : J. Phys. Chem. 200Q 104, 1165-1170.

with the nonelectrolyte NRTL model, and excess molar volumes (13) Murata, J.; Yamashita, S.; Akiyvama, M. Vapor pressures of hydrof-
of the HFE and [emim][TN]-rich side solutions are similar to 14 |$0roethlt9f5-'3\)l C:I(em- EHQYD?}IQO%Z 437' 311;9155- otake. K. Criical

H ; H asumoto, M.; Yamada, Y.; Murata, J.; Urata, S.; ake, K. Critica
_Other ordinary binary mIXturelehe'_’e j[he excegs molar volume parameters and vapor pressure measurements of hydrofluoroethers at
is at most+ (2 to 3) cnf-mol~*. This is very different from high temperaturesl. Chem. Eng. Dat2003 48, 1368-1379.

what we have previously reported with HFCs in ionic liquids (15) Defibaugh, D. R.; Gillis, K. A.; Moldover, M. R.; Morrison, G.;
(large negative excess volumes) and indicates that the insertion (S(’thi:frlllT(])I?g;’\’]‘éth\;/\{). ;ﬂgrpﬁ%’ﬁ’g& F’Ergﬁﬁ’ig'fgg‘z’f 8%"%%1"3%5“5'
of an ether oxygen has significantly changed the liquid structure (16) Wang, B.-H.; Adcock, J. L.; Mathur, S. B Van Hook W.A. 'Vapor

with ionic liquids from that of HFC+ RTIL solutions. pressures, liquid molar volumes, vapor non-idealities, and critical
properties of some fluorinated ethers: OEFROCF;, CRROCRCRH,
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