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ABSTRACT 

Enthalpies of mixing at infinite dilution have been calculated for 42 binary systems of 
liquid mixtures using the NRTL and UNIQUAC models. Temperature-dependent parameters 
of the models are used in the calculations. These parameters have been estimated by 
regressing excess Gibbs energy, gE, and enthalpy of mixing, hE, data simultaneously. The 
calculated values are compared with experimental infinite dilution enthalpy of mixing 
obtained by extrapolation of finite concentration hE data published in the literature. The 
performance of the models is satisfactory for only slightly non-ideal and polar systems and 
the choice of the best model is mainly system dependent. 

INTRODUCTION 

Heat of mixing data are extremely valuable for testing solution models 
and understanding the effect of molecular structure on thermodynamic 
properties of solutions. It is well known that the measurement of the heats 
of mixing of associated solutions is significant in investigation of the 
interaction energy in a single component and between the different compo- 
nents. Such thermochemical treatments have revealed the energy of inter- 
molecular hydrogen bonding between alcohol molecules [1,2], alcohol- 
ketones [3,4] and alcohol-polar molecules [5], and the enthalpy of OH-V 
type hydrogen bonds for aromatic alcohol-aromatic hydrocarbons [6] by 
means of an enthalpy cycle [3]. Studies on the heats of mixing also help in 
investigating the effect of the substituent hydrocarbon groups on the ther- 
modynamic properties of a mixture of highly polar liquids [7]. 

The NRTL and UNIQUAC models are not capable of correlating both 
gE and hE data for a system where the value of the heat of mixing is greater 
than a certain maximum value of hE at any given temperature [8,9]. 
However, limitations can be overcome by treating the parameters of the 
models as functions of temperature and using experimental hE data together 
with vapour-liquid equilibrium data [8-111. Hence temperature-dependent 
parameters (a list of parameters is available on request from the author) of 
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the NRTL and UNIQUAC models have been estimated recently for 42 
systems by regressing finite concentration data of gE and hE simulta- 
neously, and these are partly presented in ref. 9. 23 of these systems include 
data at more than one different isotherm. 

Recently Cairns and Furzer [12] have pointed out that, in the separation 
calculations, the performance of the NRTL and UNIQUAC models varies 
greatly, and it is very difficult to choose the best model, especially for highly 
non-ideal systems. This aspect of these semi-empirical models needs further 
investigation, as the authors’ conclusions are based on a limited number of 
systems. Therefore this study aims to test the NRTL and UNIQUAC 
models with temperature-dependent parameters in representing the enthalpy 
of mixing at infinite dilution and the effect of temperature on them for 
various types of binary system. 

CALCULATION OF ENTHALPY OF MIXING AT INFINITE DILUTION 

The values of hE/x,x, at liquid compositions xi = 0 and x2 = 0 are 
identical with the partial molal heat of mixing of components 1 and 2, Ai!& 
AH2 respectively, at infinite dilution. The value of hE/x,x2 at xi = 0 
corresponds to the energy changes associated with the transfer of 1 mol from 
the pure component 1 state to that in which each component 1 molecule 
takes part in an interaction, such as hydrogen bonding, with a component 2 
molecule and in which such complexes of components 1 and 2 are sur- 
rounded by a large number of component 2 molecules [7]. 

Using the two models, enthalpies of mixing at infinite dilution are 
expressed as follows. 

For the NRTL model, 

= ci - 273.15~~ + G,,[(l - CX~~~~~)( c3 - 273.15~~) + ri2c,RT2] (1) 

= c3 - 273.15~~ + G2i[(1 - a,,~,,)( c1 - 273.15~~) + 721~6RT2] 

where 

712 = (g,, - g22 I/w 721 = ( g21 - g11 )/RT 

G2 = exp( - a12712 > ; G2, = exp( - a12721 > 

g,, -g,, = cl + c2(T- 273.15) 

g,, -g,, = c3 + c#- 273.15) 

ai2 = cg + c6(T- 273.15) 

(2) 
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Here g2, - gll, gl2 - g,, and q2 are the energies of interaction in J mol-i 
and non-randomness parameters respectively for the NRTL model [13]. The 
terms cl, q and c5 are the values of the parameters at 0 o C, while c2 and cq 
in J mol-l K-’ and cg in K-’ are the coefficients of temperature. 

For the UNIQUAC model, 

AH, =Rq,‘[(d, +2&/T) +$(&+2&/77] 

AiT, = Rq;[(d, + 2&/T) + ~&(d, + 2d2/73] 

(3) 
(4) 

where 

7 1”2 = exp( - a,,/T) ; 7 2’; = exP( - a21/0 

u21 = d, + d,/T; a,, = d, + d,/T 

Here u2i and q2 are the interaction parameters in K for the UNIQUAC 
model [14]. Terms d, and d, in K and d, and d4 in K2 are the coefficients 
related to the parameters a,,. R and q’ are the gas constant in J mol-’ K-l 
and molecular interaction area parameter for pure component i. 

RESULTS AND DISCUSSION 

The values of !z~/x,x, at x1 = 0 and xi = 1 are finite but indeterminate. 
Hence experimental values of enthalpy of mixing at infinite dilution were 
determined by graphical extrapolation of finite concentration data. Al- 
though necessary care has been exercised in the extrapolation stage, the 
values of the enthalpy of mixing at infinite dilution are subject to some 
uncertainty, especially for those systems where the values of hE/x1x2 exhibit 
a steep change in the dilute region. This is pointed out clearly by Savini et 
al. [15] and Nguyen and Ratcliff [16]. Data for hE have been fitted by the 
Redlich-Kister polynomial 

hE = xlx2&l,(x, - x,)~, k=O, l,...,m 

and the parameters, A, have been supplied together with 
mental hE data for some of the systems considered. For 

(5) 
published experi- 
such systems, the 

polynomial expressions have also been used to determine the values of 
hE/x,x2 at x1 = 0 and xi = 1. The percentage uncertainties, q, based on the 
average absolute deviation in the extrapolation have been expressed as 

q= 
Ae,,,, - Aii,,& 

2 AEi 
x 100 (6) 

Here the deviation is taken as one-half of the difference between the 
maximum, A &,, , and minimum, Ag,,ti,r, values of the extrapolations. 
Comparisons of experimental, A@eXPtl, and calculated, A~i,,l,, enthalpies 
of mixing at infinite dilution by the NRTL and UNIQUAC models are 
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given in Table 1. Discrepancies between the experimental and the calculated 
values of the enthalpy of mixing at infinite dilution for each isotherm were 
assessed in terms of 

The values of D, indicate the percentage error for each component. As Table 
1 shows, the values of Di vary between 0.1% and 91.0%. The values of the 
arithmetic mean error for over 82 data points are 19.4% and 17.6% for AH,, 
while they are 14.1% and 14.6% for AH2 obtained from the NRTL and 
UNIQUAC models respectively. The discrepancies are due to the uncertain- 
ties of extrapolation as well as the ability of the models. Uncertainties are 
especially high for the systems (13)-(20), (25)-(27) and (32)-(35). Also, the 
uncertainty involved in estimating the temperature-dependent parameters 
should also be taken into account, although the quality and quantity of the 
data regressed [9] are the same for both of the models. 

Discrepancies for most of the systems, i.e. (ll)-(22) and (24)-(34), are 
large, which demonstrates the poor performance of the models. They are 
only acceptable for the slightly polar and non-ideal systems (l)-(lo), (29)- 
(31) and (37)-(42). Discrepancies are especially large for alcohol-hydro- 
carbon systems (l)-(20) at X&&,,i + 0 averaging 22.6% and 21.6% using the 
NRTL and UNIQUAC models respectively, while they are 16.7% and 16.0% 
for the NRTL and UNIQUAC models at Xhy&ocar,,on + 0. For the highly 
non-ideal alcohol-hydrocarbon systems (12)-(20), percentage errors are 
smaller for AFZ compared with those for Agi obtained from both of the 
models, although only the performance of the UNIQUAC model seems 
satisfactory. For the carboxylic acids-hydrocarbon systems (39)-(42) per- 
formance of the UNIQUAC model is better than that of the NRTL model, 
since the average errors are 13.6% and 23.7% respectively. 

The UNIQUAC model fails to represent the correct temperature depen- 
dence of AH, for systems (l)-(3), (5)-(lo), (12), (13), (19), (21), (22), (31) 
and (36), while the NRTL model fails only for systems (3) (4), (24) and (29). 
For highly non-ideal systems at low temperatures in particular, the depen- 
dence on temperature may be rather important in physical separation 
processes. 

As seen from Table 1, among the same types of systems, e.g. (9) and (lo), 
(12)-(18), and at different temperatures in the same system, e.g. (l), (4)-(8) 
(lo), (12), (22), (25)-(29), the performances of the models vary greatly. For 
example, for the systems methyl acetate-benzene and methyl acetate- 
cyclohexane, average errors for A& and AH, using the NRTL model are 
34.5% and 5.3% respectively. A somewhat reversed situation occurs using the 
UNIQUAC model, as the average errors are 13.4% are 26.1% respectively. 
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CONCLUSIONS 

The NRTL and UNIQUAC models with temperature-dependent parame- 
ters are capable of calculating the enthalpy of mixing at infinite dilution, 
although they have not been designed for calculating heats of mixing. 
However, the performances of the models are acceptable only for slightly 
non-ideal and polar systems. The representation of the temperature depen- 
dence of the enthalpy of mixing at infinite dilution by the NRTL model 
seems better than that of the UNIQUAC model. The choice of the best 
model is mainly system dependent. 
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