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EXCESS ENTHALPY DATA 
IN SOME BINARY SYSTEMS 

CONTAINING NON ELECTROLYTE 
SOLUTION AND THEIR CORRELATIONS 

AT 298.15K 

H. ILOUKHANI*, J. B. PARSA and M. SOLTANIEH 

Department of Chemistry, Faculty of Science, 
Bu-Ali-Sina University, Hamadan, Iran 

(Received 20 August .XMO) 

Excess enthalpy data measured at 298.15K were collected from the literature. The data 
contains 48 binary systems (812 data points). The experimental data were correlated by 
Redlich-Kister equation. In this work the following thermodynamics models were also 
tested. Wilson, NRTL models: and their parameters were calculated. A modified NRTL 
with a compositiondependent (alJ parameter was also proposed. The correlation of 
excess enthalpy data in the systems using this model provides good results. 

Keywordr: Excess enthalpy; Redlich-Kister; Wilson; NRTL 

1. INTRODUCTION 

The present work forms part of a program involved in the calculating 
of the excess enthalpy for some binary liquid mixtures [l-31. The 
results can applied for development of heat exchange, heat transport 
and heat storage equipments. For non ideal solutions the magnitude of 
their excess enthalpies can provide information needed to test existing 
theories of solutions. 

*Corresponding author. e-mail: iloukhani@basu.ac.ir 
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566 H. ILOUKHANI et al. 

In this paper we collected some literature measurements of excess 
enthalpy at 298.15 K that were correlated by the Redlich-Kister 
equation, we also tested Wilson and NRTL models for excess 
enthalpy of mixing HE, to investigate which model gives the best 
correlation of excess enthalpy and calculate their parameters. 
Finally for nine systems, namely trichloroethylene +alkan- 1-01s and 
water + alkanolamines, that deviations are large based on Wilson and 
NRTL equation, we used modified NRTL model with composition- 
dependent (a**) parameter and calculated their parameters. 

2. DATA BASE OF EXCESS ENTHALPY 

Tables I-IV summarize the references of excess enthalpy data 
collected from literature. The data base divided into four parts 
according to the nature of the components. 

TABLE I Excess enthalpy data of chlorohydrocarbon + hydrocarbon 
systems at 298.15K 

Systems Data points S y s t m  no. 

tetrachloroethylene' + 
propan-1-01 17 1-1 
butan-1-01 18 1-2 
pentan-1-01 16 1-3 
hexan-1-01 17 1-4 
heptan-1-01 16 1-5 
octan-1-01 16 1-6 
trichloroethyleneb + 
propan-1-01 17 1-7 
butan-1-01 19 1-8 
pentan-1-01 17 1-9 
hexan-1-01 17 1-10 
heptan-1-01 17 1-11 
octan-1-01 18 1-12 
1,1 ,2,2-tetrachloroethanec + 
acetone 9 1-13 
dibuthylether 11 1-14 
acetonitrile 8 1-15 
dimethysolfoxide 10 1-16 
2-propyn- 1-01~ + 
1,2dichloroethane 14 1-17 
l,l,l-trichloroethane 15 1-18 
1,1,2,2-tetrachloroethane 15 1-19 
trichloroeth ylcne 15 1-20 
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TABLE I (Continued) 
~ 

Systems Data points System no. 

2-butanone' + 
l-chlorobutane 16 1-21 
lcbloropentane 16 1-22 
l-chlorohexane 16 1-23 
lchloroctane 16 1-24 
2-pentanoneo + 
lchlorobutane 
l-chloropentane 
l-chlorohexane 

14 1-25 
18 1-26 
15 1-27 

'Reference [q. 
:Reference [4]. 

Reference [a. 
Reference [A. 

"Reference [lo]. 

TABLE I1 Excess enthalpy data of ether + hydrocarbon systems at 298.1 5 K 

Systems Data points System no. 

methy l.l-dimethylpropy1 e t h d  + 
2-methylpentane 19 
3-methylpentane 19 
2.2-dmeth ylbutane 19 

2- 1 
2-2 
2-3 

methyl tert-butyl etherb + 
diethylether 22 2-4 
dipentylether 21 2-5 

'Reference [ll]. 
bRefermce [12]. 

TABLE In Excess enthalpy data of water + alkanolamine systems at 298.15 K 

Systems Data points System no. 

water' + 

n-propylethanolamine 17 3-3 
waterb + 
diethanoleamine 13 3-4 
triethanolamine 17 3-5 
methydiethanolamine 16 3-6 

monc&hylethanolamine 16 3- 1 
diethylethanoleamine 18 3-2 

'Reference [S]. 
Refenace [9]. 

2.1. Chlorohydrocarbon + Hydrocarbon Systems 

This part of data sets contains 413 data points of 27 binary mixtures. 
The binary systems of part one are listed in Table I. 
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TABLEIV Excess enthalpy data of mono and polybromoalkanes 
systems at 298.15K 

svstemp Data points System no. 

tribromomethanea + 
1,2-dibromoethane 
dibromoethane 
1-bromopropane 

23 4- 1 
17 4-2 
25 4-3 

1,1,2,2-tetrabromoethanea + 
tribromoethane 20 4-4 
1,2-dibromoethane 22 4- 5 
dibromomethane 20 4-6 
1-bromopropane 20 4-7 

1-bromopropane 22 4-9 

1,2-dibromoethanea + 
dibromoethane 14 4-8 

dibromomethane' + 
1-bromopropane 19 4- 10 

aReferena [13]. 

2.2. Ether + Hydrocarbon Systems 

The second part of the data base contains 100 data points of 5 binary 
mixtures. The binary systems of part two are listed in Table 11. 

2.3. Water + Alkanolamine Systems 

The third part of the data base contains 97 data points of 6 binary 
mixture. The binary systems of part three are listed in Table 111. 

2.4. Mono and Poly Bromoalkanes Systems 

The fourth part of the database contains 202 data points of 10 binary 
mixtures. The binary systems of part four are listed in Table IV. 

3. ANALYSIS OF THE DATABASE 

The following cases are found when analyzing the excess enthalpy 
data: 

3.1. The excess enthalpy-composition plot changes sign and goes from 
positive to negatives values [4]. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1
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3.2. The excess enthalpy shows large negative or positive values 

3.3. The excess enthalpy shows moderate negative or positive values 

3.4. The excess enthalpy-composition plot is symmetric of asymmetric 

greater than 500Jmol-’ [4-91. 

less than 500Jmol-’ [lo-131. 

[4- 131. 

4. DATA REDUCTION BY REDLICH-IUSTER 
EQUATION 

The Redlich-Kister equation (R-K) [14] is a flexible function 
commonly used for correlation binary excess enthalpy data. It is an 
empirical power expansion 

N- 1 

H:/(Jmol-’) = x lx2CA~(x1  - ~ 2 ) ~  (1) 
K=O 

where AK is an adjustable parameter, xi (i = 1 or 2) is the mole fraction 
of component i and N is the number of adjustable parameters. All 
datasets of the excess enthalpy were correlated by Redlich-Kister 
equation, and the results are given in the literature [4- 131. 

5. CORRELATION BY WILSON AND NRTL MODELS 

5.1. Wilson Equation (15) 

In the development of the equation, Wilson conceived that interaction 
between molecules depends primarily on “local concentrations”, 
which he expressed as volume fractions. These concentrations are 
defined in probabilistic terms, the Boltanan distribution of energies. In 
a binary mixture that consists of a mixture of molecules of types 1 and 
2. In the vicinity of a molecule type 1 the probability of finding other 
molecules of the same type is P11 and the probability of finding the 
other type is Plz. Accordingly the ratio of the two probabilities are: 

with a21 and all representing the different interaction energies. 
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With this relation the following expression for H: is obtained 

5.2. NRTL Equation (la) 

To take into account non randomness in this model the following 
relation between the local mole fraction x11 of molecules 1 and the 
local mole fraction x21 of molecules 2 which are in the immediate 
neighborhood of molecules 1 is given by 

where g2l and gll indicating the different interaction energies. The 
nonrandomness parameter a21 is an empirical constant. 

The following expression for HE is obtained with this relation 

where Ag21 =g21-811; &12=g12-g12; G ~ I  =exp(-w2&21/RT); 
Gi2= ex~(-~2Agi2/RT); 2 1  = (&21/RT)G21; 2 2 =  (Agiz/RT)Gn; 
N1= x1 +xzGzl; N2 = x2+xlG12; Ag21 and Ag12 are the two adjustable 
parameters remaining, because the randomness parameters cyzl was 
taken to be constant for each binary mixtures studied here. The 
adjustable parameters A21 and A12 in Wilson equation and Agzl, Ag12 
and a 2 1  in NRTL equation were obtained by Newton-Raphson least 
square fit and are summarized in Tables V-VIII. 
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6. MODIFIED NRTL EQUATION 

We modified the NRTL Equation by expressing a12 as a function 
of composition. The composition dependent a12 similar to the 
Redlich-Kister expansion 

where Bi is adjustable parameters and x is the mole fraction of the 
first component for calculating a12 as a function of x based on Eq. (6) 
and the same Ag21, Ag12 were calculated for NRTL equation, we used 
Tables V-VIII, and experimental excess enthalpy for each mole 
fraction and found a 1 2  for minimum deviation between experimental 
and calculated excess enthalpy. Finally the parameters of Eq. (6) were 
obtained by least square fit. 

Using Eq. ( 5 )  where of those a12 are replaced with Eq. (6) we can 
calculate the excess enthalpy by the modified NRTL equation. 

7. RESULTS AND DISCUSSION 

The results of data correlation by Wilson and NRTL models for 48 
selected systems are given in Tables V-VIII for each systems absolute 
deviation, AD and relative deviation, RD based on following equation 

TABLE X Parameters of modified NRTL equation for binary mixtures of water in 
alkanolamines at 298.15 K 

Parameters Diethanolamine Triethmrolamine Methyldiethanolamine 
24136.8 

- 10099.0 
8.62596 x 
1.15954 x 
3.57780 x 

- 3,45187 x 

6.63303 x 
9.13218 x 
0.344 

- 3.33793 x 10-2 

20871.8 25995.7 

8.23426 x 8.51828 x 
1.11504 x -7.29432 x 10-23 

1.40595 x lo-: 

-3.57984 x lo-' 

- 9544.8 - 11025.7 

5.06016 x -674062 x 10- 
-4.30475 x 10-4 
-9.96875 x 4.63199 x 10- 
4.02183 x -8.65126 x 
1.56965 x lo-' 
0.896 4.8 

AD 7.17 13.0 119.7 
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FIGURE 1 Comparison between calculated [Wilson Equation (3), NRTL Equation (5) 
and modified NRTL Equations (5) and (a)] using coefficients from Tables V and JX and 
experimental H:;lJmol-' values (Y) for (a) 1-propanol, (b) 1-butanol, (c) 1-pentanol, 
(d) I-hexanol, (e) 1-heptanol and ( f )  1-wtanol + (A') mole fraction of trichloroethylene 
at 25°C. 
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methyldiethanolamine + water. ( X )  is mole fraction of first component, respectively, at 
25°C. 
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FIGURE 3 Overall deviation by different models. 
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where N is the number of data point and H&,,, is the maximum 
experimental excess enthalpy absolute in each systems. For nine 
systems that deviations are relatively large, trichloroethylene + alkan- 
1-01s [4] and water + alkanolamines [9] the modified NRTL model 
were applied and the results are summarized in Tables IX and X. 
Figures 1 and 2 show comparison of the experimental and theoretical 
El: values as a function of mole fraction derived from Wilson, NRTL 
and modified NRTL equations and Figure 3 shows the variation of 
relative deviation by different models for all systems. The maximum 
number of adjustable parameters used in the Redlich-Kister equation 
is 9 and the best results were obtained. On the other hand, fewer 
parameters are necessary for correlation with Wilson, NRTL and 
modzed NRTL models for modified NRTL model the relative 
deviation is smaller than Wilson and NRTL and comparable with 
Redlich-Kister equations. 
In cases when excess enthalpies are not large and HE - x curves are 

symmetric, all tested models are able to fit the experimental data with 
good accuracy. Among them NRTL equation provides the best fits for 
such systems. However, when excess enthalpy curve is asymmetric the 
modified NRTL model is better. 
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