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The compressibility of gaseous 2-propanol was determined by the Burnett method 
at 2S9 intervals from 100' to 200OC. From the experimental compressibility data, 
the deviations of the thermodynamic functions from ideal behavior as well as the 
fugacity coefficients for 2-propanol were calculated. 

THERE has been an increasing need for accurate thermo- 
dynamic data because of the rising importance of high 
pressure and high temperature industrial processes. This 
type of data for the alcohols has been very sparse and 
the use of generalized correlations t o  estimate the properties 
of these highly polar compounds results in serious error. 
Data on the volumetric behavior of gaseous 2-propanol 
have been obtained ( 3 )  which permit accurate values of 
the thermodynamic properties to be calculated. 

THERMODYNAMIC RELATIONS 

The thermodynamic properties calculated from PVT data 
are obtained in the form of deviations of these properties 
from ideal behavior. The thermodynamic properties of a 
substance in the ideal gas state may be calculated from 
heat capacity data using the methods of statistical 
mechanics. The deviations from ideal behavior of the 
thermodynamic properties are determined in dimensionless 
form as shown in Table I. 

The derivation of the expressions relating the functions 
in Table I to the compressibility factor, pressure, and tem- 
perature has been presented in detail by Heichelheim and 
McKetta (2).  The resulting relations are-as follows: 
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The fugacity coefficients may also be obtained from the 
experimental compressibility data by using the relation 
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CALCULATIONS 

Calculation of the values of the thermodynamic functions 
for 2-propanol was done in several steps. First the measured 
compressibility factors were plotted us. pressure on a large 
scale graph. Next a cross plot of the compressibility factors 
us. temperature for constant values of pressure was made. 
These compressibility isobars were then fitted as poly- 
nomials in T using a least squares procedure, and the 
resulting expressions were differentiated analytically to give 
values of aZlaT a t  various pressures. For each isotherm, 
the values of (dZIaT),/P were fitted to polynomials in 
P by a least squares procedure, and the resulting expression 
was integrated analytically to provide values of 

ip dP 

at various pressures. 
TO determine the values of the integral used in the free 

energy calculations, the isothermal values of (2 - l ) /P  
were first calculated. These values were fitted to a poly- 
nomial in p, again using a least squares procedure, and 
the resulting expression was integrated analytically to prov- 
ide values of 

Table I. Dimensionless Form of Thermodynamic Functions 

Function Dimensionless Form" 

P ( V -  V " ) / R T  
( U -  U " ) / R T  

(S - S " )  / R 
(G - G " ) / R T  
( A  - A " ) / R T  

Volume 
Internal energy 
Enthalpy ( H  - H") iRT 
Entropy 
Gibbs free energy 
Helmholtz free energy 

'" Indicates property of an ideal gas. 
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Figure 1. Enthalpy deviation of 2-propanol 

366 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



a t  various pressures. In  all instances of polynomial fittings, 
the data were represented within the limits of their preci- 
sion. 

RESULTS 

The calculations were carried out with the aid of a CDC 
1604 digital computer. The thermodynamic deviation func- 
tions and fugacity coefficients were calculated from the 
values of the integrals and are listed in Table I1 along 
with the values obtained for the integrals. The enthalpy, 

Gibbs free energy, and entropy functions are shown in 
Figures 1, 2, and 3, and the fugacity coefficients in Figure 
4. 

Because of the method of computation, the thermo- 
dynamic deviation functions in Table I1 are internally 
consistent to 0.0001; however, they should be considered 
accurate to no more than 0.001. The compressibility factor 
data from which the properties were calculated were 
estimated to be in error by less than 0.2% ( 3 ) .  Good 
accuracy in evaluating the integral 
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Table II. Thermodynamic Properties of 2-Propanol 

U - U *  H - H "  A - A "  G - G "  S-S" d P  
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Figure 2. Gibbs free energy deviation of 2-propanol 

0 0  

-0.2 

-0.4 

ln 
-0.6 

-0.8 

-1.0' I 
1 I 1 I I 

0 2 4 6 8 IO 12 14 
P (ATM.) 

Figure 3. Entropy deviation of 2-propanol 

should have allowed no more than 1% error in the Gibbs 
free energy function. The Helmholtz free energy function 
should be somewhat more accurate because of the cancella- 
tion effect of errors in Z - 1. As a result of the differentia- 
tion, evaluation of the integral 

l (az:T)p d P  

was subject to greater uncertainties. The error in the 
internal energy and enthalpy functions is therefore 
estimated not to exceed 2%. The entropy function con- 
sequently may be in error by as much as 3%. The minimum 
accuracy of the fugacity coefficient f lP  should be 0.3%. 
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Figure 4. Fugacity coefficients of 2-propanol 

Calculation of the thermodynamic properties of 
2-propanol vapor from the data of Table I1 requires only 
the corresponding properties of the ideal gas state. Green 
has computed the ideal gas constant pressure heat capacity, 
enthalpy, Gibbs free energy, and entropy from P to 
loooo K. ( I 1. 

NOMENCLATURE 

A = Helmholtz free energy 
/ = fugacity 

G = Gibbs free energy 
H = enthalpy 
P = pressure 
R = gas constant 
S = entropy 
T = absolute temperature 
U = internal energy 
V = molalvolume 
Z = compressibility factor, PV/RT 

Y = fugacity coefficient, // P 

Superscripts 

* = property of ideal gas state 
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