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Solid—Liquid Equilibrium and Activity Coefficients for Caprolactam +
1-Hexyl-3-methylimidazolium Bis(trifluoromethylsulfonyl)imide and
Cyclohexanone Oximet+ 1-Hexyl-3-methylimidazolium
Bis(trifluoromethylsulfonyl)imide
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Thermophysical properties for binary mixturesaprolactamt 1-hexyl-3-methylimidazolium bis(trifluorometh-
ylsulfonyl)imide and cyclohexanone oximel-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide have
been measured. New measurements of heat capacity for caprolactam (CL) in the temperature range of (260 to
370) K and parameters of fusion have been carried out. Mutual solubility of caprolactam (CL) and 1-hexyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide ([HMIM][NT]) in the wide concentration range and
solubility of cyclohexanone oxime (CHO) in [HMIM][NTEf within x(CHO) from (0.2 to 1) were studied by a
visual method. Activity coefficients of the components were estimated. Vdppid equilibrium (VLE) of the

binary mixture CL+ [HMIM][NTf ;] was studied using the Knudsen method. VLE measurements were carried
out over the broad concentration range at temperatures between (315.3 and 331.9) K. Activity coefficients of CL
in [HMIM][NTf ;] have been determined from the VLE data and are described formally by using the NRTL
equation. Activity coefficients in infinity dilution of CL in [HMIM][NT$] have been derived by extrapolation to

the infinite dilution of CL. Activity coefficients at infinite dilution of CHO in the temperature range (364.9 to
438.0) K and CL at 427.5 K in [HMIM][NT$] have been determined by gas chromatography using the ionic
liquid as the stationary phase.

Introduction in the condensed state and parameters of fusion have been

lonic liquids (ILs) potentially have various industrial appli- carried out.

cations as extracting agents and environmentally friendly
solvents and catalytic medi& Caprolactam production is
one of the possible processes to be improved with the use of Materials. A sample of [HMIM][NTf;] was synthesized by
ILs. lonic liquids have been proved as effective and selective Dr. Muldoon (University of Notre Dame, USA). To remove
reaction media for Beckmann rearrangentehsolid—liquid volatile impurities, the sample was exposed to a vacuum of 0.1
equilibria (SLE) of binary mixtures (caprolactam 1-hexyl- Pa atT = 353 K for 4.5 h. The mole fraction of [HMIM][NTA
3-methylimidazolium bis(trifluoromethylsulfonyl)imide and was determined to be([HMIM][NTf ;]) = 0.9976 by the
cyclohexanone oximet 1-hexyl-3-methylimidazolium bis-  fractional-melting experiments in an adiabatic caloriméter.
(trifluoromethylsulfonyl)imide) have been studied in this work. Commercial samples of CHO and CL with an initial mass
Limiting activity coefficients of caprolactam and cyclohexanone fraction> 0.95 and a mole fractior 0.995, respectively, were
oxime in caprolactant 1-hexyl-3-methylimidazolium bis- sublimed atp = 0.3 kPa andl = 340 K. Mole fractions of
(trifluoromethylsulfonyl)imide have been obtained by a GC CHO and CL purified samples wes¢CHO) = 0.9998 and

Experimental Section

method® X(CL) = 0.9998, as determined from the fractional-melting
Parameters of fusion for pure cyclohexanone oxime (CHO) experiments.
and 1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)- Adiabatic Calorimetry.The heat capacity of CL (mass of

imide ([HMIM][NTf 5]) required for calculations were taken the sample was 0.5253 g) in the temperature range (260 to 370)
from our previous work8.” Heat capacity values and parameters K and parameters of fusion were determined in a TAU-10
of fusion for [HMIM][NTf ;] measured in our laboratory are in  vacuum adiabatic calorimeter (Termis, Moscdwljhe calo-
good agreement with high-quality measurements by Shimizu rimeter and the procedure of measurements have already been
et al® New measurements of heat capacity for caprolactam (CL) described. The relative uncertainty of heat capacity measure-

ments did not exceedt 0.4 % in the temperature range (260 to
* Corresponding authors. Contact G.J.K. for results from the Knudsen 370) K.
method, adiabatic calorimetry, and solubility measurements (e-mail: kabo@ e . . .
bsu.by). Contact A.H. for results from the GC method (e-mail: andreas. .MUtual Solubility in Binary Ml)l(tures Determined by a
heintz@uni-rostock.de). Visual Method.The glass tubes of internal volurset cn® and
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Table 1. Mass Fractionw of Water in Saturated Solutions of Water
in Cyclohexanone

THE/Ka 100w;i° 100we Ad
303.2 6.1 6.0 -1.6
313.2 6.4 6.6 3.1
323.2 7.1 7.0 —-1.4
343.2 8.3 8.5 2.4

a Saturation temperaturéLiterature datd.¢ Data obtained in this work.
d A= lOO(W - Wm)/Wm.

diameter~0.6 cm were filled with mixtures of known composi-
tions of CL + [HMIM][NTf 5] and CHO + [HMIM][NTf ]
(uncertainty of weighing+ 5-107% g; uncertainty of mole
fraction & 3-107%) in a drybox. Two or three glass beads of 1

mm diameter were added for better mixing of the components.

The tubes were thermostatted at (266 to 332) K. The
temperature was measured within 0.1 K. Saturation point
temperatures[S'E, were determined visually as the temperatures
when the last crystal disappeared. The temperaflitéswere
determined under slow heating at a rate of 0.57K and
continuous mixing. Change of composition of the mixtures
caused by partial evaporation of CL and CHO into the hollow

space of the tubes was shown to be negligible compared with
the uncertainty of the experiment and was not taken into account.
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Figure 1. Experimental heat capacity of caprolactam in the range (260 to
370) K: O, crystal;0, liquid; A, supercooled liquid.

at temperatures below 500 K, the gdisjuid chromatographic
method is suitable for measuring activity coefficients at infinite

Before each series of experiments, the solutions were Keptgjj sion of volatile solutes in ionic liquids using the IL as the

at 247 K for 2 days to crystallize the solute. The deviation
between the values GF-E for the given compositions obtained
in different experiments did not exceed 0.1 K.

stationary phase.The experimental procedure was described
elsewheré® The experiments were performed with a Varian-
3600 gas chromatograph equipped with a flame ionization

The validity of the method was checked in measurements of jeecior and a Hewlett-Packard 3390A integrator. Chromosorb

water + cyclohexanone liquigtliquid equilibria (LLE). The
average deviation of our results with the literature Hatas 2
% (Table 1).

Vapor—Liquid Equilibria (VLE) Measurements of CL+
[HMIM][NTf 2] by the Knudsen MethodThe experimental
technique has already been described in d€tdihe uncertainty
of the measurements for pure substances does not excéed
%. The Knudsen cell of internal volunrl cn?® was used.
Parameters of the effusion orifice wdre= (84 + 2) um andd
= (446.7+ 0.5)um. The temperature of the cell was maintained
constant to withint: 0.03 K. The solutions under study occupied
(30 to 50) vol % of the cell. The vapor pressure of [HMIM]-
[NTf] is negligibly low!? in comparison with that for CL.
Therefore, the vapor over the solutions consists only of CL

molecules. Mass loss of CL in the experiments was from (0.3 b

to 12) mg. Before each experiment, the mole fraction of CL

was recounted according to mass loss during the previous one.

The uncertainty of weighing wak 5-107° g. The vapor pressure
values were calculated using the following equation

_ [27RT
P kST M

wherep is the vapor pressure of ClAm is the mass loss of
CL during the exposition time; T is the temperature of the
heat carrier in the thermoste®;i; is the area of the effusion
orifice; kis the transmission probability coefficient through the
effusion orifice; andM is the molar mass of CL (the vapor of
CL was considered to be monomolecd®ar

The k coefficient was calculated according to Wahlbeck’s
isotropy failure theory# An effective diameter of the CL
molecule,c = 0.578 nm, was taken from ref 13. Values of the

Am

1)

coated with [HMIM][NTf;] was used as support material in
the GC column (length of the columms 43 cm, diameter=

0.4 cm, nitrogen was used as a carrier gas). The solid support
material was coated with the IL by dispersing a certain portion
of chromosorb in a solution of the IL in dichloromethane
followed by evaporation of the solvent using a rotating evap-
orator. The material was weighed before and after the coating
process. The amount of stationary phase ([HMIM][NYf
was 2.25 mmol. The mass of the stationary phase was
determined with an uncertainty gf 3-10~4 g. To avoid possible
residual adsorption effects of the solutes on chromosorb, the
amount of IL was about 50 mass percent of the support
materialt®

Activity coefficients at infinite dilutiony;” were calculated

y the Cruickshank equati¢h

w nRT\ By, — V(lJ
Iny;3=1In VP -

RT

wherey’; is the activity coefficient of componeintat infinite
dilution in the stationary phase (index 3)y: is the vapor
pressure of the pure liquid solute; is the number of moles of
the stationary phase component (IL) on the coluMajs the
standardized retention volurmy; is the second virial coefficient
of the solute;B;» is the mixed virial coefficient of the solute
with the carrier gas nitroger\{f is the molar volume of pure
liquid solute; andvy is the partial molar volume of solute in
the IL at infinite dilution. The computation procedure has been
described in detail earliép.*”

The outlet pressurgy was taken to be equal to the
atmospheric pressure. The pressure dmp-(po) was varied

2B,
RT

Poy + LIy (2)

vapor pressure were referred to the average mole fraction ofbetween (143 and 215) kPa, providing sharp peaks with suitable

CL during an experiment.
GC Method for Determination of Actiity Coefficients at
Infinite Dilution. Because ILs have negligible vapor pressure

retention times. The pressure drop was measured using a
membrane manometer. The inlet vapor presgireas deter-
mined with an uncertainty of 0.2 kPa.
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Figure 2. Experimental and ideal SLE diagrams for @L{HMIM][NTf ,]:
0, saturated solutions of CL in [HMIM][NT{; O, saturated solutions of YeL

[HMIM][NTf 2] in CL; - - - , approximation curves;- , curves of ideal Figure 4. Vapor pressurep of CL + [HMIM]NT o] at different

solubility. temperaturesO, 315.3 K; A, 320.3 K:0J, 331.9 K.
360
Table 2. Parameters of Fusion for the Substances
340 T AfusH:.)n Afuscg
o substance K kdnol”*  J>K~1-mol~*  source
5 320 [HMIM][NTf ;] 272.03+0.01 28.09+0.08 114.1+0.6 ref7
[ caprolactam 342.220.01 16.16£0.02 53.5:0.3 this work
300 cyclohexanone 362.5+0.3 12.70+£0.30 52.2£0.3 ref6
oxime
280 The triple-point temperaturdy, = (342.22+ 0.01) K, for
260 L , . . . CL was determined from the fractional-melting experiments.
0 02 04 06 08 1 The enthalpy of fusion<AgsHp,> = (16157 + 17) IJmol ™,
XeHo was determined as the average of five experiments. The heat
Figure 3. Experimental and ideal SLE diagrams for CHO[HMIM]- capacity of crystalline CL in the range (316 to 335) K was fitted

[NTf2]: +, saturated solutions of CHO in [HMIM][NEf; — , curves of by the equation

ideal solubility.
{C, n(crystal)/IK™mol™*} = 1288.5— 7.537%(T/K) +

The molar volume of CHOV?, was estimated according to ) 2
the Chueh and Prausnitz metht§dand the molar volume of 1.26310 *(T/K)" (3)
CL was calculated from the density of pure ElPartial molar The heat capacity of liquid and supercooled liquid in the range

volumes of solute at infinite dilutio;” have been assumed to (323 to 368) K was fitted by the linear equation
be equal td/‘f. Values ofB;; have been estimated according to

Tsonopolous’ metho#f Values of the critical pressurg,, the {Cp’m(liquid)/J-K‘l-mol‘l} =72.47+ 0.4948(T/K) (4)
critical temperatureT,, and the critical volumey,, for pure
CHO were estimated using Lydersen’s metR®dCritical These equations were used for calculating the difference

parameters for pure CL were available from the literatre. between the heat capacities of liquid and crystalline Gls

Acentric factorsw;, were calculated by Edminster’s equatién. Cg(Ttp) (Table 2). The values ofy;, AfusH"m,i(Ttp,i), and Ags

Values ofB;, have also been estimated according to Tsonopo- Cg’i(Ttp,i) for CL, CHO, and [HMIM][NTf;] used in this work

lous’ method. The mixed critical propertigs;; , Tej , Ve , and are presented in Table 2.

Zg;, and mixed acentric factos;;, were calculated by equations SLE for CL + [HMIM][NTf 5] and CHO + [HMIM][NTf ].

given in the literaturd®2° Values of vapor pressurepy;, of The mutual solubility of CL+ [HMIM][NTf ;] and CHO +

pure CL and CHO were taken from the literatéi¥€ The validity [HMIM]INTf 5] was calculated theoretically in accordance with

of the experimental procedure has been checked by comparisorthe well-known equatict

of our measured values gf for hexane, heptane, and benzene sl

in hexadecane with those available in the literat@realues INO4/%(Typ)) = AL(L/Ty,) — (LTS5 +

of y;” are estimated to be accurate to within3 %. B[(Ttpyi/TSLE) —1-— ln(Ttp,i/TSLE)] (5)

Results and Discussion wherex; = x“ is the mole fraction of solutein the saturated
Heat Capacity, Enthalpy, and Temperature of Fusion for ~ solution at the temperatur€SE and Ty, is the triple-point

the ComponentsExperimental heat capacities for CL in the temperature. If a liquid solution is assumed to be the ideal one

temperature range from (260 to 370) K are shown in Figure 1. and the components are mutually insoluble in the crystalline
To obtain crystalline CL, the melt was cooled to a temperature state, the coefficients make sense as follows: = Ags

of 310 K when spontaneous crystallization started. Then the Hy, (Ty,)/R; B = Afuscgyi(Ttp,i)/R.

melt was heated to 342.1 K and was maintained at this The eutectic points for Cl+ [HMIM][NTf ;] and CHO+

temperature until the heat evolution caused by the crystallization [HMIM][NTf 5] were found as the intersections of the ideal

completely stopped (about 5 h). solubility curves:
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Figure 5. Activity coefficientsy of CL in CL + [HMIM][NTf ,]: —, 315.3
K; ——,320.3K;—-—-—,331.9K;@®, a, W, y of CL obtained from
SLE data.

CL + [HMIM][NTTf 5]: T(eutectic, theor.F 265.9 K,XcL =
0.245

CHO + [HMIM][NTTf ,]: T(eutectic, theor.= 264.4 K,XcrHo
= 0.297.

SLE diagrams in the ideal solution approximation for the
systems are shown in Figures 2 (GL[HMIM][NTf ;]) and 3
(CHO + [HMIM][NTf 2]) with solid lines.

Experimental mole fractions in the Ct [HMIM][NTf ;] and

CHO + [HMIM][NTf ;] systems at the saturation temperatures, ol
TSLE are presented in Tables 3 and 4 and Figures 2 and 3,5-°A = 100(y; (exptl) — y;

respectively. The mutual solubility of [HMIM][NT{ and CHO
belowxcho = 0.2 was too low to be determined with the method
used.

The solubility curves for CL and CHO in [HMIM][NTA
appreciably differ from the ideal ones. However, the solubility
of [HMIM][NTT 5] in CL is close to that calculated from eq 5.
The activity coefficientsy; of the solutesi were calculated
according to

X:d

vi= X,S_LE (6)

wherex® andx>*F are the mole fractions of the soluitén the

ideal and real saturated solutions, respectivelyT®&E. The
values ofy; for CL and [HMIM][NTf] are presented in Table
3, and that for CHO is presented in Table 4.

The experimental data of "= = (T) were approximated
with eq 5, whereA = AsoHg (Tip,)/R: B = AsoCont (Tipi)/R;
and the values\soHp~ and AsoCom; are the change of the

Table 3. Saturation Temperatures, TSLE, Mole Fractions of CL,
X, Activity Coefficients of the Solute,y™'F, in CL + [HMIM][NTf 5]
Saturated Solutions, and Molar Enthalpies of Mixing for the Solute
Amime,i(Ttp,i)

TSLE Amime,i(Tlp,i)d
K xaF o pPexptlp  yPFcaledp  AC kJ-mol-1

Caprolactam

3422 1.00 1.00 1 0.0 —6.9

3319 0.8867 0.95 0.93 21

3204 0.7756 0.89 0.87 2.2

3154 0.7475 0.84 0.85 -1.2

3119 0.7117 0.83 0.83 0.0

3059 0.6520 0.82 0.81 1.2

303.8 0.6457 0.79 0.81 -25

298.4 0.5911 0.78 0.79 -1.3

2814 0.4389 0.76 0.76 0.0

264.1 0.317 0.76 0.76 0.0
[HMIM][NTT 5]

264.1 0.317 1.01 1.01 0.0

265.6  0.2692 1.02 1.00 2.0

267.2 0.1934 0.99 1.00 -1.0

269.3 0.1034 0.98 1.00 -2.0

272.¢  0.00 1.00 1.00 0.0 -0.1

a S Fexptl) = X5 exptl), wherex®™5( exptl) is the experimental
mole fraction of the solute in the saturated solutibr"5(calcd) = X/

x*"F(calcd), wherec5(calcd) is the fitted mole fraction of the solute in
the saturated solution calculated with eq 5 using the parameters from Table
StE(caled))yF( exptl). @ Molar enthalpy of
mixing for the solute afy,;. ¢ Triple-point temperature of the pure solute.

f Extrapolated values, eutectic point

Table 4. Saturation Temperatures,TSLtE, Mole Fractions of CHO,
Xero, Activity Coefficients of CHO, y2r, in CHO + [HMIM]INTF ]
Saturated Solutions, and Molar Enthalpy of Mixing for CHO,
Amime,CHO(Ttp,i)

TSLE Ami><Hm,CHC(Ttp,i)d
KXo vinoexpty yguolcaledy A kd-mol-*
310.0 0.2127 2.50 2.73 -9.1

338.2 0.4087 1.84 1.50 18.1

362.% 1.0 1.00 1.00 0.0 16.4

a y3E(exptl) = X erm(exptl), wherexge(exptl) is the experimen-
SLE

tal mole fraction of CHO in the saturated solutioh.y¢po(calcd) =

X8 J(calcd), whereGtE(calcd) is the fitted mole fraction of CHO in the
saturated solution calculated with eq 5 using the parameters from Table 5.
¢ A = 100 (yaro(exptl) — yer(caled))harm(exptl). ¢ Molar enthalpy of
mixing for CHO atTy. © Triple-point temperature of the pure CHO.

negative nonideality on the contrary. The activity coefficient

enthalpy and the heat capacity during formation of the saturatedof CL increases from 0.76 at the eutectic-point temperature 264.1

solution containing 1 mol ofi at temperatureTy;. The
coefficients of eq 5 for the systems Ct [HMIM][NTf ;] and
CHO + [HMIM][NTTf ;] as well as the values dksoHpy;~ and
AsoConei are given in Table 5. The experimental eutectic point
for CL + [HMIM][NTf ;] was found as the intersection of the
curves I3 = f(T) and In(1— Xgamnrr ) = f(T) (Table 3).
The molar enthalpies of mixing for the solut&sixHm;(Tip,)
were calculated as follows

Amime,i(Ttp,i) = AsoIHr?wI]E(Ttp,i) - Afung'l,i(Ttp,i) (7)
The values ofAnixHmi(Typ;) are given in Tables 3 and 4.

The system CHO+ [HMIM][NTf 5] shows considerable
positive deviation from the ideality: the activity coefficient of
CHO in the saturated solution of [HMIM][NEf increases from
1 at the triple-point temperatuiig, = 362.5 K to 2.5 at 310 K
(Table 4). The molar enthalpy of mixin@unixHm;(Tip;), of CHO
is 16.4 kdmol~* at Ty,. The system Cl+ [HMIM][NTTf 5] shows

K to 1 at the triple-point temperatufig, = 342.2 K. The molar
enthalpy of mixing,AmixHm,(Tp;), of CL is —6.9 k¥mol™* at

the triple-pointTy,. The activity coefficient of [HMIM][NTf]

in the saturated solution of CL is close to 1 in the temperature
range (264.7 to 272.0) K. The molar enthalpy of mixing of
[HMIM][NTT 5] was negligible within the experimental uncer-
tainty.

VLE for the System CL+ [Cemim][NTf,]. The experimental
vapor pressures of Ctt- [HMIM][NTf ;] are given in Table 6
and Figure 4. The values of vapor pressure for pure CL used
for the calculation of the activity coefficients have been obtained
earlier’® The vapor pressure of liquid and supercooled @4, ,
in the temperature range from (264 to 342) K was calculated
by the equation wherd = (3761.1+ 0.1) K; B = (5299 +

In(py/P°) = AV + B[(L/6) — (LM)] + C[(OIT) — 1L+
In(T/6)] + D[(6/2)[(T/8) — (6/T) — 2 In(T/6)]] (8)
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Table 5. Parameters of Equation 5 for Nonideal Solutions CL+ [HMIM][NTf ] and CHO + [HMIM][NTf 2]

A AsoIHm(Ttp,i) Asolcp,m,i(Ttp,i)
K B kJmol~t JK-mol™t

CL/[HMIM][NTTf 7] 1119+ 41 —54+1.6 9.30+ 0.34 —45+ 14

[HMIM]INTF 2J/CL 3365+ 116 ) 28.0+ 1.0 )

CHO/HMIM][NTF 5] 3495+ 303 ) 29.1425 )

a Assumed.
Table 6. Experimental Vapor Pressuresp™®!, and Activity Coefficients of CL, oo, in CL + [HMIM][NTF 5]
pexptl pNRTL pexptl pNRTL pexptl pNRTL
XcL Pa Pa yarT XcL Pa Pa yoRTL XcL Pa Pa yaRT
315.3K 320.3K 331.9K

1.00 2.86 2.86 1.00 1.00 4.42 4.42 1.00 1 11.44 11.44 1.00
0748 (1.89 180  0.84(0.89 0776 (3.0 298  0.88(0.89 0887  (9.48 996  0.98(0.93
0.682 1.52 1.58 0.81 0.718 2.72 2.76 0.87 0.853 9.25 9.56 0.98
0.623 1.36 1.41 0.79 0.652 2.48 2.45 0.85 0.796 9.19 8.92 0.98
0.569 1.27 1.25 0.77 0.488 1.71 1.73 0.80 0.723 7.74 8.02 0.97
0.548 1.23 1.19 0.76 0.262 0.70 0.75 0.65 0.595 6.46 6.40 0.94
0.458 0.94 0.94 0.72 0.228 0.60 0.62 0.62 0.453 4.94 4.61 0.89
0.397 0.81 0.77 0.68 0.193 0.49 0.49 0.58 0.421 4.41 4.24 0.88
0.349 0.61 0.65 0.65 0.154 0.38 0.36 0.53 0.171 1.17 1.29 0.66
0.223 0.36 0.34 0.54 0.139 0.29 0.31 0.51 0.124 0.82 0.85 0.6
0.193 0.30 0.28 0.51 0.081 0.17 0.15 0.42 0.066 0.40 0.39 0.51
0.121 0.15 0.15 0.42 0.061 0.10 0.11 0.39 0.038 0.22 0.20 0.46
0.00 0.24 0.00 0.28 0 0.40

a Vapor pressure was calculatedm®! = y&rE-po-xc, wherey o

by fitted eq 5 using the parameters from Table 5.

Table 7. Parameters of the NRTL Equation for CL +

is the activity coefficient for CL calculated ag-= = X HSr

SLE andxeE was calculated

Table 8. Experimental Results ofy® for Caprolactam and

[HMIM][NTF 2] Cyclohexanone Oxime in [HMIM][NTTf 2]
T O12 — 022 Q21— Q11 T oo HE~(CTT) CE'::;(DU
K kJ-mol~t kJ-mol~1 a substance K ye K kji-mol™t  J-K-mol~*
315.3 —7.29 —3.11 —0.853 caprolactam 4275 049 - - -
320.3 —8.58 -2.91 —0.944 cyclohexanone 3649 261 4033 1x3.3 175+ 29
331.9 —16.00 —2.51 —0.999 oxime 3754 241
386.0 2.22
126) K; C = —18.94+ 0.6; D = (0.0113+ 0.0006) K'%; p° = jggg igi
1 Pa; andh = 442 K13 471 167
The empirical Inyc. = f(xc) dependence at the studied 4176 1.61
temperatures was described using the NRTL (nonrandom two- 4275 151
liquid) modeP? 438.0 1.28

G 2 7,,G
In R = 2, ( 21 J.) n 12512 ©)
" 212X+ %G, (% + X1Glz)2
NRTL

wherey}?™ = y&F™ Gy = expayTi); i = (g — G;)/RT;
andoj = o = o (i,j = 1,2;i = j). The parametersy{ — gj)
ando. were obtained with the minimization of the function

F= [pFXpﬂ _ piNRTL]Z

&
where n is the number of experimental pointgNR™t =
yoartepxeL; pPU is the vapor pressure of CL above a
solution;pg is the vapor pressure of pure CL; axgl is a mole
fraction of CL. The parameters and @; — g;) obtained by
the fitting procedure are contained in Table 7.

The deviation of the experimental data from the smoothing
curve does not exceetd 10 % (Figure 4). The plots of eq 9 for
CL with [HMIM][NTf ;] are shown in Figure 5. Values of
activity coefficients for CL in the system Ci [HMIM][NTTf 7]
estimated from VLE and SLE measurements are in good
agreement. The activity coefficient of CL decreases with a
decrease in both mole fractiorg., and temperature.

Activity coefficients at infinite dilutiony® for CL at 427 K
as well as those for CHO in the temperature range (365 to 438)
K in [HMIM][NTf ;] were determined by GC. The values are
listed in Table 8. The values of retention tirhdor CL below
423 K were too high and exceeded the limits of repeatability
of GC, so we could measusg; only at one temperature.

The values ofy* for CHO in the range (365 to 438) K have
been approximated by the equation

In(y"ly"(0)) = Al(UT) — (1/0)] —
B[(0/T) — 1+ In(T/6)] (10)

wheref = 403.3 K,A = (15954 40) K, andB = 21 + 4. The
excess partial molar enthaIpErrEn""’ and heat capacitﬁ_?,'f"r‘}'; at
infinite dilution for CHO were calculated @85” = ARandA
Cﬁﬁ(@) = BR(Table 8). The big temperature gap between the
GC data points and the SLE and VLE ones)@ impedes
interpolation, but it is evident that two of the data lumps do not
contradict one another.

Conclusion

Physical chemical parameters of equilibrium in the binary
mixtures caprolactamt 1-hexyl-3-methylimidazolium bis-
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(trifluoromethylsulfonyl)imide and cyclohexanone oxinie
1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide

have been obtained. The parameters may be used when

estimating the possibility of 1-hexyl-3-methylimidazolium bis-
(trifluoromethylsulfonyl)imide application for caprolactam pro-
duction improvement. The results show that the solubility of
caprolactam in 1-hexyl-3-methylimidazolium bis(trifluorom-
ethylsulfonyl)imide noticeably differs from the solubility of
cyclohexanone oxime.
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