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Abstract 

A new local composition model with two energy parameters is used to correlate mutual 
solubility data over a wide temperature range for many mixtures. The energy parameters 
can be expressed by a quadratic function of temperature. Three types of coexistence curves 
are studied: I, systems with an upper critical solution temperature (UCST); II, systems 
with a UCST and a lower critical solution temperature (LCST); III, systems with a LCST. 
Prediction of the activity coefficients and excess molar enthalpies in the miscible region is 
discussed. 
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Greek letters 

liquid phases in equilibrium 
activity coefficient of component i 
binary parameters as defined by eqns. (7) and (8) 
segment fraction of component i 
modified segment fraction of component i as defined by 
eqns. (3) and (4) 
r21rl 

INTRODUCTION 

Theoretical discussions of lower critical solution phenomena have been 
presented by several authors [l-7]. Most of these theories are quite 
complicated with only qualitative results and are of no practical use, even 
though some of them give a good agreement with experimental findings. In 
this paper we present a more practical approach to obtain a good 
description of three types of phase separation for many binary systems: I, 
systems with an upper critical solution temperature (UCST); II, systems 
with a UCST and a lower critical solution temperature (LCST); III, systems 
with a LCST. As part of a study on the performance of a new 
two-parameter local composition on phase equilibrium data reduction, we 
present some calculated results on mutual solubility data over a wide 
temperature range. 

SOLUTION MODEL 

Nagata [8] proposed the following model for the excess molar Gibbs free 
energy 

where 4 is the segment fraction and r is the binary adjustable parameter. 
Equation (1) has been successfu!ly used to describe the thermodynamic 
properties of alcohol solutions with allowance for the association of alcohol 
molecules and the solvation of alcohol with active non-associating 
components. Equation (1) is equivalent to the Wilson equation, which is 
very useful only for completely miscible mixtures. In order to make the 
Wilson equation applicable to partially miscible mixtures, additional 
parameters can usually be included in the Wilson equation [9]. To apply 
eqn. (1) to partially miscible mixtures, we modify the combinatorial term of 
eqn. (1) as suggested by several investigations [lo-141 

&YE comb 4; 4; 
p=x,ln-+x21n- 
RT XI x2 

(2) 
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where the modified segment fractions 4,’ and & are given by 

4; = w-z 
x1 r-7 + x2r; 

(4) 

The exponent n is taken as 2/3 or 3/4 and the pure component molecular 
size parameters ri were obtained from Sorensen and Arlt [15]. 

The activity coefficients of two components are expressed as 

lnyl=ln~+l-~-ln(9,+~~~~~~-(1-~) 

+42 ( $, J; 
~12lP12 

2221 - 42 + $1212 1 

In y2 = In E + 1 - 2 - ln(4, + +,r12) - (1 - $) 

(5) 

++1 42J; 
( 

Pl2T21 

lZl2 - 41 + $2221 

where p12 = r,lr,. 

(6) 

The binary parameters r,, are related to the energy parameters a, 

r2, = exp(-a,,lT) (7) 

r12 = exp(-a,,/?“) (8) 

We assume that the energy parameters can be expressed by a quadratic 
function of temperature 

a,, = A,, + B,, T + C,, T2 (9 

a ,2 = A,, + B,,T + C12T2 (10) 

CALCULATED RESULTS 

The mutual solubility points are calculated by solving the thermo- 
dynamic relations of isoactivity for components in equilibrated liquid 
phases 

(XlYl)” 

(x2Y2)a 

where 

= (XIYJP (11) 

= (X2Y21P (12) 

the superscripts (Y and p indicate two liquid phases. All the 
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TABLE 1 

Values of pure-component molecular size parameters 

Component Component 

Aniline 3.7165 
Benzene 3.1878 
I-Butanol 3.4543 
2-Butanone 3.2479 
2-Butoxyethanol 5.0470 
Cyclohexane 4.0464 
Diethylene glycol 4.0013 
2&Dimethylpyridine 4.4693 
Dipropylamine 5.0324 

Ethanol 2.1055 
Ethylbutylamine 5.0324 
I-Ethyl-3-isopropyl-glycerol ether 6.6381 
Furfural 3.1680 
Glycerol 3.5857 

Guaiacol 4.5306 
n-Hexadecane 11.2438 

n-Hexane 4.4998 
2-Isobutoxyethanol 5.0462 
Methanol 1.4311 
m-Methylaniline 4.4515 
3-Methylpyridine 3.7343 

Nicotine 6.4898 

Phenol 3.5517 

Propionic aldehyde 2.5735 

1 -Propoxy-2-propanol 5.0462 

2-Propoxy-1-propanol 5.0462 

Tetrahydrofuran 2.9415 

Water 0.9200 

experimental values studied in this work were taken from Ochi et al. [16], 
Skrzecz [17], and the compilations of Sorensen and Arlt [15] and of Macedo 
and Rasmussen [18]. The experimental data of Ochi et al. were smoothed 
by Ochi. Table 1 shows the values of the pure-component molecular size 
parameters and Table 2 gives the calculated results for 23 binary systems. 
Both values of the index, n = 2/3 and II = 3/4, give nearly the same results 
except for the glycerol + m-methylaniline and tetrahydrofuran + water 
systems which show closed-loop coexistence curves (type II). For these two 
systems, an index value y1 = 3/4 improves significantly the deviations 
between the experimental values and calculated results. Figures l-3 
compare the calculated results with the experimental values for selected 
systems. As shown in Fig. 2 for the 2,6_dimethylpyridine + water and 

I I I I ’ (a) 

-f--k 

10 I I I I 

0.00 0.20 0.40 0.60 0.80 1.00 

x1 

Fig. 1. Calculated liquid-liquid equilibria for two systems with an upper critical solution 
temperature: 0, experimental; -, calculated using the exponent n = 3/4. (a) l- 

Butanol + water, Ochi et al. (1990) [16]. (b) F ur f Ural+ cyclohexane, Pennington (1953) [15]. 
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l-propoxy-2-propanol + water systems, the present method is superior to 
the model of Yu and Nishiumi, who incorporated an equilibrium constant 
due to the hydrogen bonds between solvent and solute [7]. 

To check the physical significance of the parameters obtained, the 
activity coefficients and excess molar enthalpies in the miscible regions for a 
few selected systems were predicted using the coefficients given in Table 2. 
Figures 4-6 present a comparison of the experimental values and calculated 
results. For the methanol + cyclohexane or n-hexane and 1-butanol + water 
systems, the predicted activity coefficients agree well with the experimental 
values. However, for the ethanol + n-hexadecane system, the estimated 
results are considerably lower than the experimental values. Prediction of 
the excess molar enthalpies of the two systems gives very good results for 
the 1-butanol + water system and shows slightly higher values, but 

180 I ' ' ' ' ' (b) 

Xl 

Fig. 2. Calculated liquid-liquid equilibria for four systems with both upper and lower 
critical solution temperatures: 0, experimental; -, calculated by the present model with 
the exponent n = 3/4; ---, calculated by the model of Yu and Nishiumi [7]. (a) 
Nicotine + water, Campbell (1958) [15]. (b) 2-Propoxy-l-propanol + water, Cox (1927) [15]. 
(c) 2,6_Dimethylpyridine + water, Flaschner (1909) [15]. (d) 1-Propoxy-2-propanol + water, 
Cox (1927) [El. 
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Fig. 3. Calculated liquid-liquid equilibria for two systems with a lower critical solution 
temperature: 0, A, experimental; -, calculated by the present model with the exponent 
n =3/4; --- calculated by the model of Yu and Nishiumi [71. (4 2- 
Isobutoxyethanol+ water: 0, Cox (1926) [15]; A, Rudd (1960) [15]. (b) 1-Ethyl3- 
isopropylglycerol ether + water, Davison (1966) [15]. 

4 I I I ’ (a) 
4 1 I I I ’ (b) 

8.F ’ -* ‘- * I ,. -- 

0. IO 0 20 0.80 0 90 1.00 0.30 * 0 80 0 90 I 00 

Mole fraction ai methanol Mole iractlan of methanol 

Fig. 4. Activity coefficients for (a) methanol + cyclohexane and (b) methanol + n-hexane: 
0, experimental; data of Hwang and Robinson [20] at 25°C; -, calculated using the 
exponent n = 314. 

Mole fraction of ethanol 

5 
I I I I 

(b) 

4 

O 00 0. 20 0 40 0 60 0 80 I 00 

.Mole iractlon of lkbutanol 

Fig. 5. Activity coefficients for (a) ethanol + n-hexadecane and (b) I-butanol -t water: 0, 
experimental. (a) Data of French et al. [19] at 25°C. (b) Data of Lyzlova et al. [21] at 35°C. 
-, Calculated using the exponent n = 3/4. 
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Mole fraction of methanol 

800 I I I 
’ (b) 

finr. - 

0.0 0 2 0.4 0.6 0.8 1.0 
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Fig. 6. Excess molar enthalpies for (a) methanol + cyclohexane and (b) l-butanol + water: 
0, experimental. (a) Data of Dai and Chao [22] at 25°C. (b) Data of Goodwin and Newsham 
[23] at 30°C. -, Calculated using the exponent n = 3/4. 

reproduces well the shape of the excess enthalpy curve for the 
methanol + cyclohexane system. 

CONCLUSION 

The capability of a new local composition model in reproducing the 
binary liquid-liquid equilibrium data of three different types over a wide 
temperature range has been studied. The model, called the extended- 
Wilson model, includes the modified Flory-Huggins term and the physical 
interaction term with two energy parameters, which are assumed to be a 
quadratic function of temperature. The model correlates well the ex- 
perimental data points of the 23 systems studied. 
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