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Excess Enthalpies for the Binary Systems n-Octane with 
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Excess enthalples for the blnary systems noctane wlth 
Smethyipentane and 3-methylpentane are measured at 
temperatures between 10 and 40 OC and compared to 
computed values from temperature-dependent vapor-llquld 
equlllbrlum (VLE) data for these systems. There Is no 
agreement between these two sets of values, and It Is 
concluded that the publlshed vapor-llquld equlllbrlum data 
contain SNght systematlc errors, which, although not 
serious for the lnterpretatlon and usefulness of the 
vapor-liquid equlllbrlum, preclude any reasonable 
extraction of excess enthalpies In such nearly Ideal 
systems. 

In  a recent publication ( 7 )  data for the vapor-liquid equilib- 
rium for the binary systems n -octane with 2-methylpentane, 
3-methylpentane, and 2,4dimethylpentane were given over a 
range of temperatures from 10 to 40 OC. Excess functions 
were calculated from these data, and the results appeared 
implausible in view of an extraordinary large temperature de- 
pendence of the excess Gibbs free energy, Le., an implausibly 
high level of the excess enthalpy. The practical problems in 
obtaining excess enthalpies from temperaturedependent va- 
por-liquid equilibria are well recognized. From such experience, 
it appears that excess enthalpies of about 30% inaccuracy can 
be obtained from vapor-liquid data of average modern stand- 
ards for typical systems. The systems considered here are, 
however, untypical in the sense that they are almost ideal. 
Clearly, extremely accurate vapor-liquid equilibria over a range 
of temperatures would be required to extract sensible excess 
enthalpies. Since the excess enthalpies published in ref 7 
appeared to be too high by at least 1 order of magnitude from 
experience with their relation to molecular interaction, we de- 
cided to perform experiments as well as a numerical investi- 
gation to clear up the inconsistencies. 

Experimental Method and Results 

Materlals . 2-Methylpentane and 3-methylpentane with re- 
ported purity of +99 mol % were obtained from EGA Chemie 
(Sigma-Aldrich Gorp.). n-Octane was Fluka puriss. p.a. having 
a purity of X 9 . 5  mol %. These chemicals were dried over 
molecular sieve and degassed before use. 

Excess €ntha/py Measurements. Excess enthalpies were 
measured with an isothermal flow calorimeter as described in 
detail elsewhere (2). The calorimeter was tested by measuring 
the excess enthalpies for the test system cyclohexane + n- 
hexane under various conditions of temperature and pressure. 
Our results agreed to 1 % (2 J/mol) with the established litera- 
ture values (2). The experimental uncertainty for the systems 
considered here is expected to be 1 J/mol. 

We measured the excess enthalpies of the systems n ~ t a n e  
+ 2-methylpentane and n -octane + 3-methylpentane at tem- 
peratures between 10 and 40 O C  over the whole composition 
range. The experimental results are given in Tables I and I1  
and are plotted in Figures 1 and 2. Their composition and 
temperature dependence was correlated by the equation 
hE = x , x 2 [ d l  + d 2 / T +  ( e ,  + e , / T )  ( x ,  - x , )  + ( f ,  + 

f , / V  ( x ,  - X , ) ' l  (1) 

Table I. Measured Excess Molar Enthalpy for n-Octane (1) + 
2-Methylpentme (2) 

h E ,  J/mol 

x2 10°C 20°C 30°C 40°C 

0.235 
0.291 
0.346 
0.399 
0.45 1 
0.502 
0.552 
0.601 
0.649 
0.696 
0.742 
0.787 
0.831 

18.9 13.5 9.4 
1 1 . 1  

23.7 17.6 14.7 
16.2 

20.4 14.0 
26.7 20.7 17.4 14.5 
27.2 21.1 17.4 14.2 

26.1 19.8 

23.5 1 7 . 7  

19.5 13.0 10.4 

1 7 . 1  

15.4 12.1 

9.4 

Table 11. Measured Excess Molar Enthalpy for n-Octane (1) + 
3-Methylpentme (2) 

h E ,  J/niol 

x2 10°C 20°C 30°C 40°C 

0.238 17.3 13.5 10.2 8.4 
0.295 9.7 
0.349 22.0 17.5 13.5 
0.403 23.2 11.8 
0.455 19.3 15.1 
0.506 24.8 19.3 12.7 
0.556 25 .O 19.3 15.8 12.7 
0.605 24.6 
0.653 17.9 14.6 
0.699 11.2 
0.745 21.3 15.0 12.2 
0.790 8.6 
0.834 1 1 . 1  8.8 

Table 111. Constants for Eq 1 
n-octane (1) -t 

n-octane (1) + 3-methyl- 
2-methylpentane (2) pentane (2) 

d ,  -399 -414 

e1 -166 -50 

f, -448 -133 

d2 142333 145 134 

e2 53200 17362 

f* 135495 38824 

and the constants for both systems are given in Table 111. The 
results of this correlating equatlon are shown as smooth curves 
in Figures 1 and 2, and lt is to be seen that the data are re- 
produced within thelr experimental Uncertainty. 

The Gibbs-Helmholtz equation 
~ € v & & b ~ S t W t ~  the B-He)niiiiiiiiiiiii Equadkn. 

has been used in ref 7 to predict excess enthalpies from 
measured vapor-liquid equilibria over the same temperature 
range as considered here. We have repeated these calcula- 
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Figure 1. Measured and correlated excess enthalpy for the system 
noctane (1) + 2-methylpentane (2). 
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Figure 2. Measured and correlated excess enthalpy for the system 
noctane (1) + 3-methylpentane (2). 

tions with essentially the same results. I f  the three-parameter 
Rediich-Kister expansion for the molar excess Gibbs energy 

gE = x1x2[A + B ( x 2  - x , )  + C(x ,  - xl)'] (3) 

is used with the optimization criterion 
M 

f=1  
C - P-Y = min (4) 

and the viriai coefficients are calculated from a well-known 
correlation (3), Barker's method gives the excess (3ibbs free 
energies for the n-octane + 2-methylpentane system shown 
in Figure 3. Figure 4 shows the gE/Tvs. l /Tpbt  which reveals 
rile scatter and thereby indicates a high precision of the data. 
Figure 5 finally gives the excess enthalpies obtained by such 
a regression of the data. Comparison with Figure 1 shows the 

T= 40°C 
T=30°C 
T= 2OoC 

_ _ _ _ _ _  

T=lO°C 

Flaurr 3. Excess Gibbs free energy for the system n-octane 
2-methylpentane (2). 

Figure 4. gE/T vs. 1/T for n-octane (1) + 2-methylpentane (2) at 
various mole fractions. 

complete disagreement with the experimental data. Figure 6 
shows the vapor-liquid equilibrium as back-calculated from that 
at 10 OC by using the computed excess enthalpies. The original 
data are reproduced within their experimental precision, and we 
conclude that no numerical errors are involved in our processing 
of the data. Analogous results are found for the system n-  
octane +- 3-methylpentane, with the exception that there is 
considerably more scatter in the gEIT  vs. 1/T plot. 

In  an effort to study the reasons for this unusually dramatic 
failure of extracting excess enthalpies from temperature-de- 
pendent vapor-liquld equilibria, we assumed a bubble point line, 
which Is a linear connection of the pure-component vapor 
pressures. This would represent a model system, in which the 
effects of nonkleality in the liquid and in the vapor phase cancel. 
I t  can be seen that emors in the experimental pressure of only 
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Figure 5. Calculated excess enthalpy for the system nactane (1) + 
2-methylpentane (2). 
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Figure 6. VLE for the system noctane (1) + 2-methylpentane (2) 
back-calculated from that at 10 O C  by using the computed excess 
enthalpy. 

a few mmHg would lead to such a result. In  that case, the 
computed excess enthalpies for an equimolar mixture of n-  
octane + 2-methylpentane would be -76.6 J/md at 10 OC and 
-152.7 J/mol at 40 OC. I t  Is clear from these numbers that 
the computation of excess enthalpies from vapor-liquid equl- 
libria is extremely sensithre to systematic errors in the pressure 
measurement for this system. We conclude that such system- 
atic errors are present in the data of ref 1 ,  which, although 
probably not serious for the interpretation and usefulness of the 
vapor-liquid equilibrium, preclude any sensible evaluation of the 
excess functions, in particular the excess enthalpy. Analogous 
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Figure 7. Predicted VLE for the system nsctane (1) + 2-methyl- 
pentane (2) using the experimental excess enthalpy and the VLE data 
of ref 1 at 10 O C .  

findings apply to the system n-octane + 3-methylpentane. 
Finally, we have computed the vapor-liquid equilibrium at 20, 

30, and 40 OC, using our experlmental excess enthalpies and 
the vapor-liquid equilibrium data of ref 7 at 10 OC. The result 
is shown in Figure 7, and it can be seen that errors in the 
pressure of about 6 mmHg, i.e., 3%, account for the observed 
inconsistencies. Entirely analogous results are obtained when 
the 40 OC Isotherm of ref 7 is used together with our enthalpy 
data to predict the vapor-ilquid equilibrium at 10 OC. We 
conclude that, In systems that are nearly ideal, an unusual 
experimental accuracy is required in vapor-liquid equilibrium 
measurements if the Glbbs-Helmholtz equation is to give even 
the right order of magnltude of excess enthalpies. 

Glossary 
A ,  B ,  C constants in expansions of gE 
d , ,  d p ,  constants In expansions of hE 

e 13 

e 2v 

fll f 2  

SE 
hE excess enthalpy, J/mol 
peVtl 
paw 
T temperature, K 
X mole fraction in liquid 
Y mole fraction in vapor 

methylpentane, 98-1 4-0. 

Llterature CRed 

excess Glbbs free energy, J/mol 

experimental values of the total pressure, mmHg 
calculated values of the total pressure, mmHg 

Reglotry No. Octane, 11 1-65-9; 2-methylpentane, 107-83-5; 3- 
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