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Introduction 
nolar entha lpiex 

some n-alkoxy - a . I' d II d as i .and 313.15 K. rgaru c sa ts are Importa nt an are usua y use as interrnedi ­
ite che micals, react ion cata lys ts, inh ibitors to und esir ed reac­

Thermodynamic lions, supporting elec tro lytes , and surfactants,1.2 T hese salts are 
td cyclohexane: also used for separation processes to modify and improve 
1303.15 K above d' '11 . . d .
235- 247. 1St! anon, evapora tion, an pervaporation pro cess performance 
nic properties of as we ll as inorganic sa lts , alka li, hyd roxides, and ionic liqu ids. 
.15 K. J. Chern. The elec tro ly te sys tems co ntai ning sal ts w ith large organic ions 

ic f . f (ammonium, borate, ph osphonium, sulfonium, arsonium, pyri­
)P IC unctions 0	 . • . 
2, and 4) at the di nium, pyrroli dynium, imidazoliurn, and o thers), be taines, and 
28, 1197-1 205. ionic liquids co ntinue to represent an important area of 

er, J.-PE Excess. theore tica l interes t as well. Some years ago , there were a number 
ary mixtu res of f . I di f h liouid ilib . VLEratures between 0 ex pen men ta stu ie s 0 t e vapor- iqui equi 1 n um ( ) 
56, 101- 114. beha vior of binary and te rnary solu tions co nsis ting of sal ts with 

12 comp ress ibi liries large orga nic ions .3­
hem. Thermodyn. 

The aims of th is work are: (1) to determ ine the effec t of 
Volumes at T = letrabutylammonium tet raphenylborate on the VLE of the 
:ropicCompress- nethanol + tolu ene system at 318.15 K and different salt 
olar Po lariza tions . .	 • _I . 
ate + 2-Butoxy- concentratrons, (0. 100, 0.200, 0.300, and 0.500) mol kg , WIth 
Xylene. J. Chem.	 :he help of head space gas chromatography, and (2) to achieve 

ireaking an ex isting azeotrop e in thi s sys tem. No VLE data for 
'he ternary sys tem methanol + toluene + te trabutylammonium 

h 20, 2008. We etraphenylborare were fou nd in the lite ratu re. Thi s sa lt was not 
ived f~om the ;tudied ear lier in the azeotrope sys tems. Only triphenylben­
a y Leon, under I h honi hlorid d d ' . . .: Ministerio de 1)' p osp oni um c on e an so IUm brorrude were studied in 

the ternary electrolyte + metha nol + toluene systems.8•
13 

This work is a co ntinuation of our investigation on sa lts 
laving large organic ions (ammo nium, borate, phospho nium, 
nd pyrid iniu m sa lts) to de termi ne the VLE data in sys tems 
vith these sal ts in mi xed so lve nts.5-9,12 

Severa l correla tive and predi cti ve model s based on the local 
:omposition or group co ntribution co ncept have been pro posed 
'0 ca lculate the VLE of sys tems formed by mixed so lvents and 
.lectrolytes. The electro ly te nonrandom two-liq uid (NR T L) 
nodel of M ock e t al. 14 is usuall y used for correlation and 
'redic tion of VLE in the sys tems wi th sa lts havi ng differe nt 
arge org ani c ions or ionic liquids.5-9.15- 17 Th e experimental 

lata presented in this work were correlated using the elec trolyte 
~RTL mod el of Mock et a l. 14 
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Experimental Section 

Materials. Meth anol (w ~ 99.8 %, Merck) and tolu en e (w ~ 

99.5 %, Ve kton) were stored above the molecul ar sieves (3A). 
T et rabu tyl ammon ium tetraph en ylborat e [(n-C4H9)4N+ B­
(C 6Hs)4] was ob ta ined fro m Aldrich (w ~ 99.0 %) and 
pre viously dried in a vacuum oven until a constant mass was 
reached (mp = (236 to 237) 0c) . 

Procedure. M ixtures consis ting of methanol, tolu ene , and 
tetrabutyl ammonium tetraphenylborate were prepared gra vi­
metricall y with an analy tical ba lance with an uncerta inty of ± 
0.1 mg. For each experime nt, abo ut 8 ern" of sa mp le was 
charged into the 30 em:' heated sa mple vial. After the vial was 
clo sed by means of a spec ia l lid equipped w ith a was her , it 
was broug ht to the required temperature in a thermos ta tic cell 
that was co ntrolled to with in ± 0.05 K of the de sire d 
temperature. T he mix ture was co ntin uo us ly agi ta ted for 7 h at 
the targe t tempera ture. The un certainty of the measured tem­
perature was 0.01 K. 

The combined standard unce rtainties of the measure d mo le 
fract ion in the va por phase and mole frac tio n of solvents (o n a 
sa lt-free basis) were 0.00 1. 

Analysis Method. M ethanol and toluene mo le fraction s (on 
a salt-f ree bas is) in the vapor (Yi) phase were analyzed by the 
head space gas chromatography method proposed by Takamatsu 
and Ohe. 18 T o analyze the vapor phase, a gast ight syringe (I 
mL) was used. Th e sampling vol ume of headspace ga s was 
about 0.2 mL. The syr inge wa s held at the same temperature as 
the via l, whic h prevented pa rtial conde nsa tio n in the sy ringe 
and maintained an equi libri um in the vial. A gas chromatograph 
(Chro rn-S, Labora torni Pri stroj e ) was used with a 2.5 m glass 
column (15 % Apiezon L on Chrom aton N- A W) and an 
integrator. T he inj ec tor and chamber temperatures were (160 
and 120) °C, res pectively. The carrier gas was argon (purity = 

3 199.9 %) flowin g at 0.5 cm ·s- • 

The gas chro m a tograph was calibra ted using the mi xt ur es 
of m ethan ol and tolu ene that were p repa red gravi metrically 
by usin g an ana lytical bal an ce wi th an un certa int y of ± 0.1 
mg . Becau se of negl igi bl e amo unts in the vapor phase (small 
vapor vo lume , m oderat e pre ssu re), it was reasonab le to 
assume that the liq u id phase composi tion is the sa m e as the 
feed composition . To prepare th e ca libra tion samples for th e 
va por p hase, various methan ol an d to luene mixtures were 
co mple te ly evaporated i n a (1000 ± 0.1) ern" vesse l and 
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methanol toluene 04749 3380.8926 4666.501 
methanol salt" 0.1 I870.07(f)c 2860.43(1) 
toluene salt" 0.1 969. 14(f) 116.25(1) 

Conclusion 

The VLE beh avior of the system me thano l + toluene + 
tet rabutylammoniu rn tetraphenylborate has been investigated at 
318.15 K at four different sa lt concentration s, (0.100, 0.200. 
0.300, a nd 0.500) mol · kg-I, wit h the help of headspace gas 
chroma tography. This sa lt is effective in brea king the azeotrope. 
The e lec tro lyte NRTL model was used for correlation of the 

Table 2. E ne rgy Parameters !i.gij a nd !i.gj i and Nonrandomness 
Factors t1-;j for th e Ele ctrolyte NRTL Mod el" 

a Ref L4. b Tetrabutylammonium tetrapheny lborate . C (0 means that 
these interaction parameters have been filled in this work . 

expe rimental data by minimization of the fo llowi ng objective 
functio n F usin g the Simplex-Ne lder - Mead method" 

F(t'1g jj, t'1gj j, a j) = L L(y j l (expll ) - Yj I (Calcdl =min (l)
ntnp , , 

wh ere Y represe nts the vapo r phase mole fraction , and nt and 
np are the number of data sets and the numbe r of data points 
for eac h data set, respecti vely. T he subscripts exp tl and calcd 
denote exp erimental da ta and cal culated values, respectively. 
W e used published' f vapor pres sures for pure methanol an d 
tolu ene at 318.15 K of 44.53 kP a and 9.96 kP a, respectively. 

Th e b inary model pa rameters are expresse d by" 

Tij = t'1g;/RT (2) 

G ij = ex p( -aijT j) (3) 

The NRTL energy parameters and nonrandomness factors are 
give n in Table 2. 

Mean absolute devi ation and standard dev iation betwee n 
ex perimental and calcul ated values of the vapor phase mole 
fract ions are 0.009 and 0.008, respecti vely. 

Figure 1. Vapor mole fraction ( y ,) of methanol in the methanol ( I) + 
toluene (2) + tetrabutylammonium tetraphenylborate (3) system at T = 
318.15 K: +,no salt (Nagata '? and Kurzin et al."): 0 , m ) = O. lOOmol -kg.": 
., 171) = 0.200 mol 'kg-'; x , m] = 0.300 mol 'kg- 1 

; +, '") = O.5 C~l 
mol , kg- I. The liquid mole fraction of methanol x'i is on a salt-freebasis. 
The solid line is to identify the azeotro pic behavior. 

X'I Y I 

m/(mol ' kg- I ) = 0.000 
0.200 0.775 
0.300 0.792 
0450 0.802 
0.600 0.810 
0.700 0.823 
0900 0.934 

m/(mol'kg­ ' ) = 0.100 
0 200 0.776 
0.300 0.795 
0450 0.805 
0.600 0.8 14 
0.700 0.828 
0.900 0.896 

m/( mol 'kg- ') = 0.200 
0.200 0.778 
0.300 0.799 
0450 0.809 
0.600 0.8 18 
0.700 0.833 
0.900 0.903 

m/(mol'kg- J 
) = 0.300 

0 200 0.780 
0300 0.802 
0450 0.8 13 
0.600 0.822 
0.700 0.838 
0.900 0.909 

m3/(mol 'kg- l ) = 0.500 
0.200 0.784 
0300 0.8 11 
0450 0.82 1 
0 600 0.831 
0.700 0.848 
0.900 0.922 
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Result s and Discussion 

injected. To obta in the calibra tion equation, the required mass 
frac tions and area fract io ns were co rre la ted with a third-o rder 
poly nomial by a least- squ ares method (m ean devi ation = 0.1 
% ) . T he ex peri me ntal se tup is described in det ail in o ur 
previ o us works 6 - 9 

Vap or-l iqu id eq uilibri um data for the meth anol + toluene 
+ tctrabutylammonium tetra phenylborate system are pre sented 
in Table I and Figure I. The measured data were co mpared 
wi th published isothermal data without the sa lt at 318.15 K. 8 

. 
19 

The comparison is also shown in Figur e 1. 

The additio n of tetrabutyJammonium tetraphenylborate in the 
methanol + toluene sys tem results in an increase of the methanol 
mole fraction in the vapor phase. The aze otrop e of the mix ed 
so lvent sys tem disappears at sa lt con ce ntra tion 1Il3 = 0.3 
mo l ' kg - l 

To describe the observed VLE behavi or, the experimental 
da ta are correla ted using the elect rolyte NRTL model of Mock 
et 31. 

14 For the system me tha nol + tolu ene + tetrabutylarnrno­
nium tetraphenylb orat e , six energy parame ters (t'1g ij , t'1gji) and 
three nonra ndomness factors (a;) are req uired . Bina ry solvent­
so lvent parameters were taken from published data.20 The 

nonrandomness fac tors (o.salt .mo thanol and o.Sa 1l,1O Iuc ne ) were set to 
0.1. Th e rem aining model parameters we re fitted to the 

Table 1. Ex per ime ntal Vapor-Liquid Equilibrium Data for the 
System Methanol (1) + Toluene (2) + Tetrabutylammonium 
Tetra phenylhora te (3) at T = 318.15 K, Vapo r Mole Fraction of 
Methanol y, As a Functio n of Liquid Mol e Fraction of Methanol on 
a Salt-Free Basis x ' r, and Salt M olality m 3 



iavior of the studied system. The mod el rep resented 
rimental data with the requ ired accuracy. 
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