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Vapor Pressures for 1,4-Dioxane + Tetrabutylammonium Nitrate, Water +
Tefrabutylammonium Nitrate, and 1,4-Dioxane + Water + Tetrabutylammonium Nitrate

-~ ilexander V. Kurzin,* Andrey N. Evdokimov, Victorija B. Antipina, Olesja S. Pavlova, and Vladimir E. Gusev

[ulty of Chemical Technology, Saint-Petersburg State Technological University of Plant Polymers (SPSTUPP-SPbGTURP),

4 lvana Chernykh, Saint-Petersburg 198095, Russia

The vapor pressures of the 1,4-dioxane =+ tetrabutylammonium nitrate and water + tetrabutylammonium
nitrate systems have been measured at different salt molalities. The vapor pressures of the 1,4-dioxane +
water + tetrabutylammonium nitrate system have also been measured at 11 constant salt molalities (0.100,
0.250, 0.500, 0.750, 1.000, 1.500, 2.000, 2.500, 3.000, 3.500, and 4.000) mol-kg™'. These systems have
been studied at (288.15, 298.15, and 308.15) K with a modified Othmer still. The electrolyte nonrandom
two-liquid model was used for the calculation of the activity coefficients of solvents in the binary systems.

[nfroduction

Organic salts are important and are usually used as intermedi-
i chemicals, reaction catalysts, inhibitors to undesired reac-
ws, supporting electrolytes, and surfactants. The electrolyte
aiems containing large organic ions (ammonium, borate,
jisphonium, sulfonium, arsonium, hydrazinium, pyridinium,
dler organic salts, and ionic liquids) continue to represent an
apottant area of theoretical interest as well.!

Recently, the vapor pressures of the aqueous and nonaqueous
uluions of several alkylammonium salts have been reported.*~*°
I his study, the vapor pressures of the 1,4-dioxane + tet-
Jmtylammonium nitrate (TBAN), water + TBAN, and 1,4-
Loune + water + TBAN systems were measured at different
Al molalities at (288.15, 298.15, and 308.15) K with an

- Uimer-type equilibrium cell. No vapor pressure data for these
oems were found in the literature, but there are many
aperimental data for the binary 1,4-dioxane + water system.
lie clectrolyte nonrandom two-liquid (NRTL) model of Chen
14" was used to calculate solvent activity coefficients in the
iy systems.

 [yperimental Section

Materials. The 1,4-dioxane (w = 99.9 %, Aldrich) was stored
e 3 A molecular sieves. Double-distilled and deionized
er was used. Tetrabutylammonium nitrate (w = 99.0 %,
[ika) was previously dried at 75 °C in a vacuum oven until a
astant mass was reached.

Procedure. Mixtures consisting of 1,4-dioxane, water, and
AN were prepared gravimetrically using an analytical balance
(haws Explorer Pro Balance) with an uncertainty of £ 0.1 mg.
jnwn masses of salt were dissolved in 0.5 dm® of solvent (or
mied solvent), and the solution was placed in the still. Then
wsystem was closed and the still was heated until constant
wsure and temperature were attained. The average uncertainty
I he mole fraction is £ 0.005. For a fixed liquid-phase
wiposition, at least three data points were taken of the total
| muure at the target temperature of (288.15, 298.15, and
1515 K. The uncertainty of the measured temperature was
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Table 1. Vapor Pressures for Pure 1,4-Dioxane (1) and Water (2)
from T = (288.15 to 308.15) K

p./kPa p-/kPa
T/IK 1.7 exptl® fie.? exptl”
288.15 2.691 2.703 1.669 1706
298.15 4.986 4.975 3.166 3.172
308.15 8.129 8.119 5.547 5.556

“Refs 16 and 17. ” This work.

“

Figure 1. Modified Othmer’s still for vapor pressure measurement: I,
distillation still; 2, steam jacket; 3, condenser; 4, condensed vapor receiver,
3, stopcock; 6, to manometer; 7, thermometer; 8, heating loop.

+ 0.1 K. Vapor pressure data for pure water and 1,4-dioxane
are presented in Table 1.

Apparatus. A modified static Othmer-type condensed vapor
recirculating still'? used for the present study is shown in Figure
1. The heating loop (8) ensures mixing and prevents bumping.
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Table 2. Experimental and Literature Vapor Pressure Data of the
Benzyltributylammonium Chloride (1) + Water (2) System from T
= (298.15 to 303.15) K as a Function of Salt Molality m,

T/IK = 298.15 /K = 303.15
m/(mol-kg™") PexpalkPa’ pu/kPa’ Pexpu/KP2” PudkPa’
0.1 3.153 3.14 4.205 4.19
0.5 3.116 3.12 4.153 4.15
.0 3.091 3.09 4.110 4.10
1.5 3.074 3.08 4.071 4.08
2.0 3.032 3.03 4.006 4.01
3.0 2.971 295 3.854 3.87
3.5 2.893 291 3.807 3.81
4.0 2.820 2.83 3.762 377

4 This work, # Ref 3.

Table 3. Activity Coefficients of 1,4-Dioxane y,, Vapor Pressure p
of the 1,4-Dioxane (1) + Tetrabutylammonium Nitrate (2) System
from T = (288.15 to 308.15) K as a Function of Salt Molality m,

/K = 288.15 T/K = 298.15 T/K = 308.15
my/(mol-kg™")  p/kPa ¥a plkPa Y1 p/kPa 71

0.100 2907 1.0198 4.899 1.0212 7987 1.0073
0.250 2.884 1.0112 4854 1.0180 7.914 1.0014
0.500 2.853 1.0020 4.800 1.0104 7.802 0.9750
0.750 2.825 09814 4751 1.0010 7.698 0.9610
1.000 2796 09792 4692 09814 7.601 09512
1.500 2768 09670 4.639 09475 7.545 0.9370

Table 4. Activity Coefficients of Water y,, Vapor Pressure p of the
Water (1) + Tetrabutylammonium Nitrate (2) System from 7 =
(288.15 to 308.15) K as a Function of Salt Molality m,

T/K = 288.15 T/K = 298.15 T/K = 308.15
m,/(mol-kg™")  p/kPa ¥ plkPa 71 p/kPa 7\

0.100 1.691  1.0601 3.150 1.0203 5607 1.0170
0.250 1.684 1.0560 3.135 1.0244 5579 1.0110
0.500 1.674  1.0420 3.122 09918 5534 0.9807
0.750 1.665 1.0307 3.100 09722 5.506 0.9630
1.000 1.657 1.0097 3.078 09643 5472 0.9489
1.500 1.638  0.9707 3.043 09414 5410 09211
2.000 1.621  0.9240 3.008 09291 5.348 09013
2.500 1.608 0.8935 2983 09179 5303 0.8892
3.000 1.593  0.868] 2958 0.8908 5.258 0.8784
3.500 1.581 0.8492 2939 0.8804 5213 0.8760
4.000 1.565 0.8305 2904 0.8713 5.157 0.8688

The electrical heating system is Y6-VFP (Grant Instruments
Ltd., UK.). The temperature was measured with a mercury-in-
glass thermometer. A device consisting of a 2200-type pressure
sensor and PDRC-1C/2C type display supplied by the MKS
Corporation (Andover MA, USA) was used to measure the
pressure directly. The uncertainty of the measured pressure was
0.013 kPa. This apparatus was tested by measuring the vapor
pressure of benzyltributylammonium chloride aqueous solutions
at different concentrations from (298.15 to 303.15) K as given
inTable 7. The average absolute deviations of the experimental
data sets were less than 0.02 kPa compared to the published
data® This test showed the reliability of this apparatus and
experimental procedure.

Results and Discussion

The vapor pressures of the binary systems 1,4-dioxane -+
TBAN and water + TBAN have been measured at (288.15,
298.15, and 308.15) K. In these systems for each temperature,
6 or 11 vapor pressure measurements of different salt concentra-
tions have been studied. The molalities of TBAN ranged from
(0.100 to 4.000) mol-kg™!. The vapor pressures of the 1,4-
dioxane + water + TBAN system have also been measured at
11 constant salt molalities (0.100, 0.250, 0.500, 0.750, 1.000,
1.500, 2.000, 2.500, 3.000, 3.500, and 4.000) mol-kg™"' at
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Figure 2. Vapor pressure p of |4-dioxane in the [4-dioxan
tetrabutylammonium nitrate (2) system: A, 288.15 K; ¢, 298.15K; +.
K. m, is the salt molality.
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Figure 3. Vapor pressure p of water in the water (1) + tetrabutylans
nitrate (2) system: *, 288.15 K; ¢, 298.15 K; +, 308.15 K. m, is¥
molality.

(288.15, 298.15, and 308.15) K. All the experimental d
given in Tables 3 to 5 and in Figure 2 and Figure 3. Thei
pressures of |,4-dioxane and water decrease with an inf
of salt molality in the binary systems.

Calculation of the Activity Coefficients of Solven’
Binary Systems. Vapor-liquid equilibrium data for the
systems 1,4-dioxane (1) + TBAN (2) and water (1) +
(2) were correlated by using the electrolyte NRTL m
Chen et al.'! This model is usually used for correlat
prediction of phase equilibria of the binary electrolyte +
systems. The vapor phase was assumed as an ideal ¢
salt-containing binary systems, the salt was regarde
nonvolatile component (y, = 0 and y, = 1). The formul
vapor-liquid equilibrium is

0
yP=vyx;p;

The saturation vapor pressure of pure solvent i (p;’)at
temperature was calculated with the published Antair
stants.'? x; is the liquid-phase mole fraction of solvent
on the assumption of total dissociation of salt.

The parameters of the electrolyte NRTL model weg
from the published data’* and are shown in Table 6. Thi
was often used to calculate the activity coefficients of
y; in the binary solvent + electrolyte systems. The:
coefficients of solvents of the studied binary sysl
presented in Table 3 and Table 4. The expressions for calt
of the activity coefficients of solvents were directly tak
the electrolyte NRTL model of Chen et al."!
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W5, Total Vapor Pressure p of the 1,4-Dioxane (1) + Water (2) + Tetrabutylammonium Nitrate (3) System from 7 = (288.15 to 308.15) K
Function of Liquid Mole Fraction of 1,4-Dioxane x’, on a Salt-Free Basis and Salt Molality m+

6. Energy Parameters Ag;; and Ag; and Nonrandomness
i5 o; for the Electrolyte NRTL Model

component Ag, Agj

J o Jemol™" J-mol™’
Vier TBAN 0.2 2613.158 —134.126
\+dioxane TBAN 0.1 3369.516 —822.603

leactivity coefficients of solvents in the ternary system 1,4-
me + water + TBAN were earlier'? calculated by using
detrolyte NRTL model of Mock et al.'® which is used for
smary mixed-solvent electrolyte systems.

tlusion

U vapor pressures of the 1,4-dioxane + tetrabutylammo-
nirate, water + tetrabutylammonium nitrate, and 1,4-
se + water + tetrabutylammonium nitrate systems have
measured at different salt molalities at (288.15, 298.15,
8.15) K with a modified Othmer-type equilibrium cell.
wlivity coefficients of solvents in the binary systems were
iaed by using the electrolyte NRTL model.
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