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Abstract 

A modified Wilson equation having four constants is used to describe the temperature 
dependence of mutual solubility data. The energy parameters are expressed by a quadratic 
function of temperature. The twenty-three systems studied are classified into three groups: 
(1) ten systems have an upper consolute temperature; (2) ten systems show a closed 
envelope of partial miscibility; (3) three systems have a lower consolute temperature. 
Calculated values are in close agreement with experimental results. For four selected 
systems in homogeneous regions, the method predicted the activity coefficients well and 
estimated excess molar enthalpies rather qualitatively. 

INTRODUCTION 

The original Wilson equation has been modified by several investigators 
to describe phase equilibria for partially miscible mixtures, as summarized 
by Novak et al. [l]. Novak et al. [2] used their modified Wilson equation for 
the description of temperature dependence of mutual solubility using the 
linear temperature dependence of the three parameters involved in the 
equation. One of the present authors applied Hiranuma’s modification of 
the Wilson equation [3] to the prediction and correlation of ternary 
liquid-liquid equilibria [4,5]. This work aims to show the performance of 
Hiranuma’s modification in the correlation of mutual solubilities over a 
wide temperature range using the quadratic temperature dependence of 
the energy parameters, which had been employed in the simultaneous 
correlation of the excess Gibbs free energy and excess molar enthalpy data 
by means of the original Wilson equation [6,7]. 
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SOLUTION MODEL 

The modified Wilson equation [3] gives the activity coefficients of two 
components: 

In y1 = -Wl+~l2~12~2~ +x2 l ~1242 ~2141 
x 

1 
+a R x - 

12 12 2 a21A21,% +x2 
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Fig. 1. Calculated liquid-liquid equilibrium curves for systems having an upper consolute 
temperature: 0, experimental (data smoothed by Ochi); -, calculated. (a) Aniline-n- 
hexane; (b) diethylene glycol-benzene; (c) 2-butanone-water; (d) 1-butanol-water. 
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In y2 = -ln( x2 + ~21h,,X,) +x1 
i 

+*12 
x 

2 

+a:*, x - 
21 21 1 ~12~12~2 +x1 I 

+ ln(x, + fzzlxl) -x, 
( 

a21 ff12 
- 

x2 + cf21Xl a12x2 + Xl 1 

v2= 
A,, = - exp - $ i i 

v 
Vl 

A,, = --exp - !$ 
v2= i i 

where X, is the liquid phase mole fraction of component i, V,” is the liquid 
molar volume of pure component i and cylj and a,, are binary parameters. 

The energy parameters aI2 and a21 are expressed by a quadratic func- 
tion of temperature: 

ai2 =A,, + B,,T + C,,T2 

a21 =A,, + B,,T + C2,T2 

The modified Wilson equation was fitted to mutual solubility data using 
the following thermodynamic relations for two components: 

hd = (wdl* 

b2Y2Y = (X2Y2Y 

where the superscripts I and II denote conjugated liquid phases. 

TABLE 1 

Values of r for pure components 

Component 

Aniline 
Benzene 
1-Butanol 
2-Butanone 
2-Butoxyethanol 
Cyclohexane 
Diethylene glycol 
2,6_Dimethylpyridine 
Dipropylamine 
Ethanol 
1-Ethyl-3-isopropyl 
glycerol ether 
Furfural 
Glycerol 
Guaiacol 

r 

3.7165 
3.1878 
3.4543 
3.2479 
5.0470 
4.0464 
4.0013 
4.4693 
5.0324 
2.1005 

6.6381 
3.1680 
3.5857 
4.5306 

Component r 

n-Hexadecane 11.2438 
n-Hexane 4.4998 
n-Heptane 5.1742 
2-Isobutoxyethanol 5.0462 
Methanol 1.4311 
m-Methylaniline 4.4515 
3-Methylpyridine 3.7343 
Nicotine 6.4898 
Phenol 3.5517 
l-Propoxy-2-propanol 5.0462 
2-Propoxy-1-propanol 5.0462 
Tetrahydrofuran 2.9415 
Triethylamine 5.0118 
Water 0.9200 
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SYSTEMS STUDIED 

313 

All mutual experimental data for the systems studied in this work were 
collected from Sorensen and Arlt [8], Macedo and Rasmussen [9] and Ochi 
et al. [lo]. We used the smoothed data of ref. 10. Twenty-three systems 
have been classified into three groups: (1) ten systems with an upper 
consolute temperature; (2) ten systems having both upper and lower 
consolute temperatures; (3) three systems with a lower consolute tempera- 
ture. 

(a) Tetrahydrofuran(l) 
Water(Z) 
Matous (1972) 

(b) Glyceroi (1) 
nr%fethylan! linei 
ParvatlkerClYPP) 
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Fig. 2. Calculated liquid-iiquid equilibrium curves for systems having both upper and lower 
consolute temperatures: 0, experimentat - caiculated. (a) Tetrahydrofuran-water; (b) 
glycerol-m-methylaniline; (c) nicotine-water: t& 1-propoxy-Zpropanol-water. 
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(a) DlpropylamlneCl) (b) TrlethylamlneCl) 
Water(Z) Water(Z) 
Hobson(l941) Rathmund(l898) 

80 I I I I 
t 

XI x1 

Fig. 3. Calculated liquid-liquid equilibrium curves for systems having a lower consolute 
temperature: 0, experimental; -, calculated. (a> Dipropylamine-water; (b) trieth- 
ylamine-water. 

CALCULATED RESULTS 

We used the molecular size parameter yi of pure component i instead of 
yL, because KL data were not always available over a wide temperature 
range. Table 1 gives values of Ye taken from refs. 8 and 9. Values of (Y were 
assigned as recommended by Hiranuma [3,11]. Table 2 summarizes calcu- 
lated results and some of them are shown in Figs. l-3. In aqueous 

6 

5 

4 

t- 

c 3 I 

2 

1 

II- 
0 0 

I I I I 

I I 
0 2 0 4 0 6 0 8 10 0.0 02 04 0.6 0.8 1.0 

Mole fraction of I-butanol Mole fraction of 1-butanol 

Fig. 4. Calculated activity coefficients and excess enthalpies for I-butanol-water: -, 
calculated. (A) 0, experimental activity coefficient data of Lyzlova et al. [26] at 35°C; (B) 0, 
experimental excess enthalpy data of Belousov and Ponner [27] at 30°C. 



I. Nagata and K Miyamoto/ Thermochim. Acta 205 (1992) 307-317 

(A) (B) 

s- I I I 1 

0.2 0.4 0.6 0.8 1.0 
Mole fraction of furfural Mole fraction of furfural 

Fig. 5. Calculated activity coefficients and excess enthalpies for furfural-cyclohexane: 

-7 calculated. (A) W, experimental activity coefficient, 7: of Thomas et al. [28] at 
64.4”C; 0, yy of Santacesaria et al. [29] at 30 and 64.4”C, (B) 0, experimental excess enthalpy 
data of Battler and Rowley [30] at 25°C. 

solutions two values of (Y, for water (1.5 and 3) gave the same results 
except for the 2-propoxy-1-propanol-water system with (Y, = 3 and the 
tetrahydrofuran-water system with (Y, = 4. 

The method was applied to the prediction of activity coefficients and 
excess enthalpies in miscible regions by use of the parameters listed in 
Table 2. For the 1-butanol-water system (Fig. 4) the calculated activity 
coefficients agree excellently with the experimental results at 35°C and 
excess enthalpies are well predicted at 30°C. For the furfural-cyclohexane 
system (Fig. 5), agreement in limited activity coefficients is reasonably good 

(A) 

0 al 
0.00 0 10 0.20 0.30 0 90 0 95 1 00 

Mole fraction of ethanol 

0.0 0.2 0.4 0.6 0.8 1.0 
Mole fractlon of ethanol 

Fig. 6. Calculated activity coefficients and excess enthalpies for ethanol- n-hexadecane: 
calculated. 0, Experimental data of French et al. [12] at 25°C for (A) activity 

coefficient and (B) excess enthalpy. 
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(A) (B) 

5- I I I I 

1200 I I I I 

4- 

l- 

o---c I A” I- - 
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Fig. 7. Calculated activity coefficients and excess enthalpies for methanol-cyclohexane: 
-, calculated. (A) 0, experimental activity coefficient data of Hwang and Robinson [31] 
at 25°C; (B) 0, experimental excess enthalpy data of Dai and Chao [32] at 30°C. 

and excess enthalpies were estimated rather qualitatively. In the ethanol- 
n-hexadecane system (Fig. 6) the prediction of these properties can be 
considered very good. In the methanol-cyclohexane system (Fig. 7) the 
method predicts well the activity coefficients at 25°C but the predicted 
excess enthalpies at 30°C are significantly higher than the experimental 
values. 

We may conclude that the Hiranuma-Wilson equation reproduces well 
the mutual solubility data of the twenty-three systems studied by using the 
quadratic temperature dependence of the energy parameters, and predicts 
the activity coefficients in miscible regions with sufficient accuracy, but it 
provides a reasonable estimation of excess enthalpies. 

LIST OF SYMBOLS 

zj, Bi,, Cij 
binary interaction energy parameter 
coefficients related to a,j 
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T 
vL 
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molecular size parameter of pure component i 
absolute temperature 
molar liquid volume of pure component i 

liquid phase mole fraction of component i 

Greek letters 

a 

Yi 
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binary parameter in eqns. (1) and (2) 
activity coefficient of component i 
activity coefficient of component i at infinite dilution 
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