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Vapor Pressures for the Acetonitrile + Tetrabutylammonium Bromide, Water +
Tetrabutylammonium Bromide, and Acetonitrile + Water +
Tetrabutylammonium Bromide Systems
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The vapor pressures of the acetonitrile + tetrabutylammonium bromide, water + tetrabutylammonium
bromide, and acetonitrile + water + tetrabutylammonium bromide systems have been measured at five
constant salt molalities [(0.200, 0.400, 0.600, 0.800, and 1.000) mol ·kg-1]. These systems have been studied
at (298.15 and 323.15) K with a modified Othmer still.

Introduction

Organic salts are important and are usually used as intermedi-
ate chemicals, reaction catalysts, inhibitors to undesired reac-
tions, supporting electrolytes, and surfactants. The electrolyte
systems containing salts with large organic ions (fatty acid
anions, ammonium, phosphonium, sulfonium, arsonium, hy-
drazinium, pyridinium, borates, and others), betaines, and ionic
liquids continue to represent an important area of theoretical
interest as well.

Recently, the vapor pressures of the aqueous and nonaqueous
solutions of several alkylammonium salts have been reported.1-8

In this study, the vapor pressures of the acetonitrile + tetrabu-
tylammonium bromide (TBAB), water + TBAB, and acetoni-
trile + water + TBAB systems were measured at different salt
molalities [(0.200, 0.400, 0.600, 0.800, and 1.000) mol ·kg-1]
at (298.15 and 323.15) K with an Othmer-type equilibrium cell.
The vapor pressure data for the acetonitrile + TBAB system at
298.15 K were found in the literature.5,7

Experimental Section

Materials. The acetonitrile (w g 99.9 %, Merck) was stored
above 3 Å molecular sieves. Double-distilled and deionized
water was used. Tetrabutylammonium bromide (w g 99.0 %,
Fluka) was previously dried at 75 °C in a vacuum oven until a
constant mass was reached.

Procedure. Mixtures consisting of acetonitrile, water, and
TBAB were prepared gravimetrically using an analytical balance
(Ohaus Explorer Pro Balance) with an uncertainty of ( 0.1 mg.
Known masses of salt were dissolved in 0.5 dm3 of solvent (or
mixed solvent), and the solution was placed in the still. Then
the system was closed, and the still was heated until constant
pressure and temperature were attained. The average uncertainty
of the mole fraction was 0.005. For a fixed liquid-phase
composition, at least three data points were taken of the total
pressure at the target temperature of (298.15 and 323.15) K.
The uncertainty of measured temperature was ( 0.1 K.

Apparatus. A modified static Othmer-type condensed vapor
recirculating still used for the present study is the same as the
one presented earlier.1,8 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 measured
pressure was 0.013 kPa. The experimental setup and apparatus
testing are described in detail in our previous work.1

Results and Discussion

The vapor pressures of the binary systems acetonitrile +
TBAB and water + TBAB were measured at (298.15 and
323.15) K. In these systems for each temperature, six vapor
pressure measurements at different salt molalities were studied.
The vapor pressures of the acetonitrile + water + TBAB system
were also measured at (298.15 and 323.15) K. All the* To whom correspondence should be addressed. E-mail: zakora@mail.ru.

Table 1. Vapor Pressure p and Osmotic Coefficients Φ1 of
Acetonitrile in the Acetonitrile (1) + Tetrabutylammonium Bromide
(2) System at T ) 323.15 K as a Function of Salt Molality m2

m2/(mol ·kg-1) p/kPa Φ1

0.000 33.860 -
0.200 33.008 0.812
0.400 32.504 0.767
0.600 32.020 0.738
0.800 31.487 0.716
1.000 31.022 0.695

Table 2. Vapor Pressure p of the Water (1) +
Tetrabutylammonium Bromide (2) System from T ) (298.15 to
323.15) K as a Function of Salt Molality m2

T/K ) 298.15 T/K ) 323.15

m2/(mol ·kg-1) p/kPa p/kPa

0.000 3.166 12.348
0.200 3.055 12.006
0.400 2.959 11.704
0.600 2.864 11.358
0.800 2.779 10.907
1.000 2.701 10.532
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experimental data are given in Tables 1 to 3 and in Figure 1.
Vapor pressures of acetonitrile and water decrease with an
increase of salt molalities in the binary systems. Total vapor
pressures decrease with an increase of salt concentration and
liquid mole fraction of acetonitrile in the ternary system.

Calculation of ActiWities and Osmotic Coefficients of
Acetonitrile in the Acetonitrile + TBAB System. Osmotic
coefficients (Φs) as a function of salt molality were calculated
from vapor pressure lowering as described by Barthel and Kunz5
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Ms is the molecular weight of acetonitrile; m is the salt molality;
B is the second virial coefficient; and Vs is the molar volume of
acetonitrile. The saturation vapor pressure of pure acetonitrile
(p*) was calculated with the published Antoine constants.

The calculated data are presented in Table 1.
The activity coefficients of solvents in the ternary system

acetonitrile + water + TBAB were earlier9 calculated by using
the electrolyte NRTL model of Mock et al.10 which is used for
the ternary mixed-solvent electrolyte systems.

Conclusion

The vapor pressures of the acetonitrile + tetrabutylammonium
bromide, water + tetrabutylammonium bromide, and acetonitrile
+ water + tetrabutylammonium bromide systems have been
measured at different salt molalities at (298.15 and 323.15) K
with a modified Othmer-type equilibrium cell.
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P/kPa

m3/(mol ·kg-1) T/K ) 298.15 T/K ) 323.15
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0.600 4.916 14.927
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1.000 4.273 13.636
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0.800 5.767 15.410
1.000 5.182 14.707

x′1 ) 0.200
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Figure 1. Vapor pressure lowering ∆p of water as a function of salt molality
m2 in the water (1) + tetrabutylammonium bromide (2) system: ∆, 298.15
K; ], 323.15 K.
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