
Thermochimica Acta, 236 ( 1994) 15-22 
Elsevier Science B.V., Amsterdam 
SSDI 0040-6031(93)01619-E 

15 

Thermodynamics of associated solutions. 
Prediction of excess molar enthalpies of 
acetone + bromoform + saturated hydrocarbon mixtures 
using a chemical model 

Isamu Nagata +* and Andrzej Ksiaiczak b 

U Department of Chemistry and Chemical Engineering, Division of Physical Sciences, 
Kanazawa University, 40-20, Kodatsuno 2-chome, Kanazawa 920, Japan 
b Department of Physical Chemistry, Warsaw University of Technology, 
00-664 Warsaw, Poland 

(Received 14 June 1993; accepted 28 September 1993) 

Abstract 

A chemical model based on mole-fraction statistics is used to predict ternary excess molar 
enthalpies for acetone + bromoform + saturated hydrocarbon mixtures, in which the hydro- 
carbon is cyclohexane, n-hexane, n-heptane, or n-decane, from binary information alone. 
The model used gives significantly smaller deviations between the calculated and experimen- 
tal results than the chemical models proposed by Singh et al. 
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XI 

acetone, bromoform, saturation hydrocarbon 
binary interaction parmeter for I-J pair 
parameters of eqn. ( 12) 
coefficient as defined by exp( - ~~r,zr~) 
excess molar enthalpy 
enthalpy of formation of chemical complex AB 
equilibrium constant of formation of chemical complex AB 
gas constant 
stoichiometric sum 
absolute temperature 
liquid mole fraction of component I 

Greek letters 

%J non-randomness parameter of NRTL equation for I-J pair 

TIJ parameter as defined by aIJ/T 
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Subscripts 

A, B, C acetone, bromoform and saturated hydrocarbon 
Al, B1, C, monomers of components A, B, and C 
AB complex formation between acetone and bromoform 
them chemical 

phys physical 

Superscript 

E excess 

INTRODUCTION 

Singh et al. [ 1,2] have measured the excess molar enthalpies of four 
ternary mixtures, namely, acetone + bromoform + cyclohexane, acetone + 
bromoform + n-hexane, acetone + bromoform + n-heptane, and acetone + 
bromoform + n-decane, at 308.15 K as well as enthalpic data for the binary 
mixtures. Singh et al. [2] used these experimental results to test the applica- 
tions and limitations of two associated solution models containing either a 
mole-fraction-based or a volume-fraction-based equilibrium constant with 
two sets of weighting factors for predicting excess molar enthalpies of 
systems containing a single AB molecular complex. The two equilibrium 
constants for AB and AB2 of acetone + bromoform complexes were usually 
determined from vapour-liquid equilibrium data, which were not available 
from the literature for the acetone + bromoform mixture. Therefore, Singh 
et al. assumed only a single AB molecular complex, neglecting non-specific 
interactions in the acetone + bromoform system, and obtained significant 
deviations between calculated and experimental values at many ternary 
compositions. 

In this work, we present results calculated from another chemical model 
for comparison with those given by Singh et al. [2]. 

SOLUTION MODEL 

In an acetone(A) + bromoform( B) + saturated hydrocarbon(C) mixture, 
we assume a 1: 1 complex formation between acetone and bromoform and 
define the equilibrium constant in terms of mole fractions of chemical 
species 

KAB = XAB/XA,XB, for A, + B1 = AB (1) 
Non-specific interactions between each pair of three components are 
given by applying the Gibbs-Helmholtz relation to the NRTL equation 

[31. 
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The ternary excess molar enthalpy HE is expressed as the sum of chemical 
and physical contribution terms 

HE = HcEhem + H:i,ys (2) 

Gem = h.&L+x,+ xB, IS (3) 

where h,, is the enthalpy of formation of the chemical complex AB and the 
stoichiometric sum S is given by 

s = XA, + XB, + XC1 + 2KABXA, xB, (4) 

The nominal mole fractions of components are related to the monomeric 
mole fractions of the components 

XA = @A, + KAEXA,XB, )/s 

XB = txB, + KABXA, xB, >Is 

(5) 

(6) 

xc = xc,lS 
The sum of the mole 

mixture must be unity 

(7) 

fractions of all chemical species present in the 

XA, + XB, + xC, + KABXA,XB, = 1 (8) 

Equations (4)-(8) are used to obtain xA,, and xcl, if the equilibrium 
constant KAB is known 

c x a(~,, GJI 1 dGKJ 

H;,xys = R 1x1 ’ 8(1/T) 
F ~JIGJI~J F xK at l,T) 

- 
I 

’ c G 

KI K 
x 

K 
‘F GKIxK>~ 

I 

(9) 

where 

zJI = QJI/T (10) 

GJI = exP( - ~JI~JI) (11) 

In fitting the model to binary excess molar enthalpy results, the energy 
parameters are assumed to be linearly temperature dependent, i.e. 

a,, = CJi + DJi(T-273.15) (12) 

The non-randomness parameter aJI( = aIJ) is taken as 0.3 for the three 
binaries. 

CALCULATED RESULTS 

Binary mixtures 

The value of KAB at 308.15 K obtained from NMR studies is 2.38 [4]; an 
hAB value of -6.57 kJ mol-’ [2] was used in this work. The parameters of 
eqn. ( 12) were obtained by minimizing the sum of the deviations between 
calculated and experimental values using a simplex method [5]. Table 1 
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Fig. 1. Binary excess molar enthalpies for the acetone + bromoform system at 308.15 K: 0, 
ref. 2; ~, calculated in this work. 

shows the binary results of excess molar enthalpy data reduction and Figs. 
l-3 compare the calculated results with the experimental values. The model 
is able to fit the experimental values well. 

Ternary mixtures 

The prediction of ternary excess molar enthalpies for four ace- 
tone + bromoform + saturated hydrocarbon systems was performed using 
the parameters listed in Table 1. Singh et al. [2] presented four sets of 
ternary predicted results for each system using a mole-fraction-based associ- 
ation constant or a volume-fraction-based association constant, with 
weighting factors approximated with molar volumes and evaluated from 
measured binary data. Their calculated results revealed that there is 
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Fig. 2. Binary excess molar enthalpies for four acetone + saturated hydrocarbon systems at 
308.15 K: 0, acetone + cyclohexane [2]; W, acetone + n-hexane [I]; A, acetone + n-heptane 
[2]; l , acetone + n-decane [2]; ~, calculated in this work. 

TABLE 2 

Ternary predicted results for four systems at 308.15 K 

System Number Abs. arith. Ref. 
of data mean dev./(J molP’) 
points 

This work Singh a 

Acetone + bromoform + cyclohexane 25 29.2 162.0 2 
Acetone + bromoform + n-hexane 25 38.9 198.1 1 
Acetone + bromoform + n -heptane 24 59.3 17.5 2 
Acetone + bromoform + n-decane 26 15.4 46.1 2 

- 

a Equation (1) of ref. 2 with weighting factors calculated from binary excess enthalpy data. 
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Fig. 3. Binary excess molar enthalpies for four bromoform + saturated hydrocarbon systems 
at 308.15 K: 0, bromoform + cyclohexane [2]; n , bromoform + n-hexane [ 11; A, bromo- 
form + n-heptane [2]; +, bromofotm + n-decane [2]; ~, calculated in this work. 

significant difference between the various weighting factor approximations 
or concentrational forms of the association constant. Therefore, we com- 
pare our calculated results with only one set of the calculated results given 
by Singh et al. in Table 2, which indicates that the present method provides 
predicted results that are better than those of Singh et al. 
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