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

Organic salts are important and are usually used as intermedi­
j!, chemicals, reaction catalysts, inhibitors to undesired reac­
111.\11'. supporting electrolytes, and surfactants. The electrolyte 
'; ;Il'JI1S containing large organic ions (ammonium, borate, 
~sph on i t1 m , sulfonium, arsonium, hydrazinium, pyridinium, 
"ll rorganic salts, and ionic liquids) continue to represent an 
'lIlpurtant area of theoretical interest as we ll.' 

R,cently, the vapor pressures of the aqueous and nonaqueous 
.~ lI t ion s ofseveral alkylammonium salts have been repor ted.i"! " 
a ihis study, the vapor pressures of the I A-dioxane + tet ­
.1ili1\)lammonium nitrate (TBAN), water + TBAN, and 1,4­
.Jllxane -;- water + TBAN systems were measured at different 
J!t molalities at (288.15. 298. 15, and 308.15) K with an 
m,lllcr·type equilibrium cell. No vapor pressure data for these 

." !CIllS were found in the literature, but there are many 
tlp<:nmcntal data for the binary I A-dioxane + water system. 
Ib: electrolyte nonrandom two-liquid (NRTL) model of Chen 
Ill.!! was used to calculate solvent activity coefficients in the 
, naJy systems. 

Experimental Section 

lIatenals. The 1,4-dioxane (w ~ 99.9 %, Aldrich) was stored 
'e 3 Amolecular sieves. Double-distilled and deionized 

,I:r was used. Tetrabutylammonium nitrate (w ~ 99.0 %, 
l iIlka) was previously dried at 75 °C in a vacuum oven until a 
J:dl,lant mass was reached. 

Procedure. Mixtures consisting of 1,4-dioxane, water, and 

O
~ 11Il 

lBA:-i were prepared gravimetrically using an analytical balance 
hausExplorer Pro Balance) with an uncertainty of ± 0.1 mg. 

\\Il masses of salt were dissolved in 0.5 drrr' of solvent (or 
'II.I,dsolvent), and the solution was placed in the still. Then 

wstem was closed and the still was heated until constant 
"lireand temperature were attained. The average uncertainty 

rl ihc mole fraction is ± 0.005. For a fixed liquid-phase 
l':lll'0sition, at least three data points were taken of the total 
iv.'<ure at the target temperature of (288.15, 298.15, and 
S.IS) K. The uncertainty of the measured temperature was 

lewhomcorrespondence shou ld be addressed . E-mail: zakora@mail.ru. 

The vapor pressure s of the 1,4-di oxane + tetrabut ylammonium nitrate and wa ter + tetrabutylammonium 
nitrate systems have been measured at different salt molalities. The vapor pressures of the 1,4-dioxane + 
water + tetrabut ylammonium nitrate system have also been measured at 11 con stant salt molal ities (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- 1

. Th ese 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 ca lculation of the activity coefficients of solvents in the binary systems. 

Table 1. Vapor Pressures for Pu re l,4-Dioxane (l ) and Water (2) 
from T = (288.15 to 308.15) K 

p,lkPa P2/kPa 

TlK liLa exp tl" lit.a exptl" 

288.15 2.69 1 2.703 1.669 ----. 1.706 
298 . 15 4.986 4 .975 3.166 3. 172 
308. 15 8.129 8.1 19 5.547 5.556 

a Refs 16 and 17. " This work . 

Figure 1. Mod ified O thmer' s still for vapor pres sure measu remen t: J, 
distillation st ill; 2, steam jacket ; 3, condenser; 4 , co ndensed vapor receiver; 
5, stop cock; 6, to manometer; 7, thermometer; 8, healing loop. 

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

Apparatus. A modified static Othrner-t ype condensed vapor 
recirculating stillt 2 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 I 

T/K = 298.15 T/K = 303.15 

mJ(mol' kg-I) Pexp,/kPa
a p,;/kPab 

PeXPll lkPao pli,lkPab 

0.1 3.153 3.14 4.205 4.19 
0.5 3.116 3.12 4.153 4.15 
1.0 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 2.95 3.854 3.87 
3.5 2.893 2.91 3.807 3.81 
4.0 2.820 2.83 3.762 3.77 

a This work. b Ref 3. 

Table 3. Activity Coefficients of l,4-Dioxane YI' Vapor Pressure p 
of the l,4-Dioxane (1) + Tetrabutylammonium Nitrate (2) System 
from T = (288.15 to 308.15) K as a Function of Salt Molality m2 

T/K = 288.15 T/K = 298.15 T/K = 308.15 

m,l(mol'kg~') p/kPa Y, p/kPa Yt p/kPa Yl 
0.100 2.907 1.0198 4.899 1.0212 7.987 1.0073 
0.250 2.884 1.0112 4.854 1.0180 7.914 1.0014 
0.500 2.853 1.0020 4.800 1.0104 7.802 0.9750 
0.750 2.825 0.9814 4.751 1.0010 7.698 0.9610 
1.000 2.796 0.9792 4.692 0.9814 7.601 0.9512 
1.500 2.768 0.9670 4.639 0.9475 7.545 0.9370 

Table 4. Activity Coefficients of Water YI' Vapor Pressure p of the 
Water (1) + Tetrabutylammonium Nitrate (2) System from T = 
(288.15 to 308.15) K as a Function of Salt Molality m2 

T/K = 288.15 T/K = 298.15 T/K = 308.15
 

m2/(mol'kg-
1
) p/kPa Yt p/kPa Y, plkPa Yl
 

0.100 1.691 1.0601 3.150 1.0203 5.607 1.0170 
0.250 1.684 1.0560 3.135 1.0244 5.579 1.0110 
0.500 1.674 1.0420 3.122 0.9918 5.534 0.9807 
0.750 1.665 1.0307 3.100 0.9722 5.506 0.9630 
1.000 1.657 1.0097 3.078 0.9643 5A72 0.9489 
1.500 1.638 0.9707 3.043 0.9414 5AIO 0.9211 
2.000 1.621 0.9240 3.008 0.9291 5.348 0.9013 
2.500 1.608 0.8935 2.983 0.9179 5.303 0.8892 
3.000 1.593 0.868J 2.958 0.8908 5.258 0.8784 
3.500 1.581 0.8492 2.939 0.8804 5.213 0.8760 
4.000 1.565 0.8305 2.904 0.8713 5.157 0.8688 

The electrical heating system is Y6- VFP (Grant Instruments 
Ltd., u.K.). The temperature was measured with a mercury-in­
glass thermometer. A device consisting of a 2200-type pressure 
sensor and PDRC-l CI2C 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 
\\\ \: '3.~k 2 .The '.l.\:eta.~c '3.~~\\l.\C ~e"\'.l.\i.\)\\S \)\ fue c~\\er\me\\\d\ 

data sets were less than 0.02 kPa compared to the published 
data.' This test showed the reliability of this apparatus and 

10 

+ + + + + + 

c<J 6 
c, 
~ 
<, 0 0 0 0 0 o 
"'- 4 

,1 ,1 !!. !!. !!. 

2 

0.4 0.8 1.2 1.6 
1m2Imol'kg­

a L.....~..........t~~-'-----'-~~..........~~..J
 

023 
tm2Imo]'kg-

Figure 3. Vapor pressure p of water in the water (1) + tetrabutyla 
nitrate (2) system: *, 288.15 K; 0, 298.15 K; -l-, 308.15 K.III,i' 
molality. 

(288.15,298.15, and 308.15) K. All the experirnental d 
given in Tables 3 to 5 and in Figure 2 and Figure 3. The, 
pressures of 1,4-dioxane and water decrease with anin. 
of salt molality in the binary systems. 

Calculation of the Activity Coefficients of Solveil 
Binary Systems. Vapor-liquid equilibrium data for the . 
systems 1,4-dioxane (1) + TBAN (2) and water (1) +TB 
(2) were correlated by using the electrolyte NRTL mode 
Chen et al. l l This model is usually used for correlation 
prediction of phase equilibria of the binary electrolyte +so;' 
systems. The vapor phase was assumed as an ideal gas 
salt-containing binary systems, the salt was regarded 
nonvolatile component (Y2 = 0 and Yl = 1). The formula s 
vapor- liquid equilibrium is 

_ 0 
yl-Y;X;Pi 

The saturation vapor pressure of pure solvent i (PiO)al 
temperature was calculated with the published Anloin ~ 

stants. 13 Xi is the liquid-phase mole fraction of solvent i 
on the assumption of total dissociation of salt. 

The parameters of the electrolyte NRTL model wert 
from the published data'" and are shown in Table 6.Thi, 
was often used to calculate the activity coefficients of. 
Yi in the binary solvent + electrolyte systems. The, 
coefficients of sol vents of the studied binary syslelll 
presented in Table 3 and Table 4. The expressions for ok 
of the activity coefficients of solvents were directly t ak ~ i l 

the electrolyte NRTL model of Chen et al. 1 j 

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 -I. 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- 1 at 

experimental procedure. 
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lbIt ~. Total Vapor P ress ure p of th e 1,4-Dioxan e (I) + Water (2) + Te trabuty la m mo ni um Nit ra te (3) Sys tem fr om T = (288.15 to 308. 15) K 
j function of Liqui d Mo le F r action of 1,4·Dioxan e X 'I on a Sa lt -F ree Basis and Salt M olali ty mJ 

plk Pa	 plkP a 

TIK = 288 .15 TIK = 298 .15 TIK = 308 .15 TlK = 288 . 15 TlK = 298 . 15 TlK = 308 . 15 

mi um 
e sa il 

la por 
re ase 
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in a ry 
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.e l o f 
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For 
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) f th e 

(I ) 

yste m 
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ta ke n 
Ho de l 
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:tiv ity 
rs are 
lat ion 
. fro m 

O.lXXl 
0.100 
0.250 
0500 
0.750 
iJXXJ 
i500 
~. lXXl 

2500 
.HXIO 
3.5(10 
UXIO 

U.ooo 
0. 100 
Imo 
1).5(10 
0.750 
I.lXXl 
1500 
:JXXl 
2500 
)(,00 

l.5lXJ 
tlXXJ 

O.lXXl 
1).11)() 
0250 
0.500 
0.750 
I.lXXl 
15lXl 
2.lXXl 
:500 
, (XX) 

3500 
J.(XX) 

2.352 
2369 
2.389 
2.390 
2.381 
2.3 52 
2.309 
2.264 
2.216 
2.172 
2.136 
2.108 

2.709 
2.724 
2.736 
2.730 
2.694 
2.660 
2.576 
2.514 
2.452 
2.386 
2.317 
2.260 

2.984 
2.992 
2.980 
2.925 
2.868 
2.814 
2.686 
2.620 
2.537 
2.456 
2.349 
2.300 

x', = 0.050 
4. 157 
4.197 
4 .194 
4. 150 
4.1 14 
4.090 
4.0 53 
4.014 
3.966 
3.922 
3.884 
3.846
 

x' , = 0.100
 
4.930 
4.965 
4.949 
4.890 
4.828 
4.742 
4.590 
4.44 1 
4.336 
4.233 
4.141 
4.078 

x', =0.170 
5.482 
5.4 8 1 
5.441 
5.348 
5.290 
5.208 
5.032 
4.882 
4.728 
4.585 
4.442 
4.336 

7.238 
7.2 15 
7.186 
7.126 
7.003 
6.947 
6.8 39 
6.787 
6.743 
6 .696 
6 .654 
6.607 

8.6 17 
8.593 
8.542 
8.461 
8.358 
8.245 
8.002 
7.842 
7.663 
7.5 11 
7.366 
7.2 16 

9.703 
9.66 1 
9.563 
9 .447 
9.349 
9.258 
9.133 
9.007 
8.849 
8.694 
8.509 
8.35 1 

16. Energy Parameter s ~u and I!..gj; a nd Nonra ndo m ness 
Uri rI;jfor the Electro lyte NRTL Mod el 

component 

j 

'k r TBAN 0.2 2613 .158 -1 34.126 
l.Jioxane TBAN 0.1 3369.5 16 -822.603 

' activity coeffic ients of so lvents in the ternary system I A­
.ne +water + TBAN were earl ier!" ca lcu lated by using 
~ trolyte NRTL mode l of Mock et al. '? which is used for 
'mary mixed-so lvent electro lyte systems. 

elusion 

. vapor pressures of the I A-dioxane + tetrabutylarnmo­
ni trate, water + tetrabutylammoni um nitrate, and 1,4­
e +water + tetrabutylammonium nitrate sys tems have 
measured at di fferen t sal t molalities at (288.15, 298.15, 
')8.15) K with a modifi ed Othmer-type equil ibrium cel l. 
iivity coefficient s of so lvents in the binary sys tems were 

,hied by using the electro lyte NRTL mode l. 
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