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F(T,P)  or F(T,V)

U          H         S              G

6.2 Residual Properties

• The definition for the generic residual property is:

igR MMM −
M is the actual 

molar value of 

any extensive 

thermodynami

cs property: V, 

U, H, S, G.

Mig = the ideal 

gas properties 

which are at the 

same 

temperature and 

pressure.

M = the Residual 

Molar gas 

properties which 

are at the same 

temperature and 

pressure.
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• Residual Gibbs energy:

• Residual volume:

igR GGG −
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Fundamental property relation for residual properties

• The fundamental property relation for residual 

properties applies to fluids of constant composition.
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Diff (6.45) Then put into (6.44)

So,

…(6.47)

Put  (6.45) and (6.46) into (6.47) 

(6.42)

Then integrate; 
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Enthalpy and Entropy from Residual Properties
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igR GGG −
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The true worth of the Eq. for ideal gases is now evident. 

They are important because they provide a convenient base 

for the calculation of real-gas properties.  
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Practice 2

Calculate H and S of saturated isobutane vapor 
at 630 K from the following information:

1. Table 6.1 gives compressibility-factor data

2. The vapor pressure of isobutane at 630 K  
15.46 bar

3. Set H0
ig = 18,115 Jmol-1 and S0

ig = 295.976 
Jmol-1K-1 for the ideal-gas reference state at 
300 K 1 bar

4. Cp
ig/R = 1.7765+33.037x10-3T (T/K)
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Solution 6.3

Eqs. (6.46) and (6.48)  are used to calculate HR and SR.

➢ Plot (Z/T)P/P and (Z-1)/P vs. P

➢ From the compressibility-factor data at 360 K → (Z-1)/P

➢The slope of a plot of Z vs. T → (Z/T)P/P

➢Data for the required plots are shown in Table 6.2.
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6.3 Residual Properties by Equations of State

Residual Properties from the Virial Equation of State

• The two-term virial eq. gives Z-1 = BP/RT.
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…(6.45)

In application  is a more convenient variable than V, 

PV = ZRT is written in the alternative form.
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6.45

• The three-term virial equation.
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Application of these equations, useful for gases up to 

moderate pressure, requires data for both the second and 

third virial coefficients.
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Residual Properties by Cubic Equations of State
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There are 2 cases of I
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The generic equation of state presents two cases.
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Find values for the HR and SR for n-butane gas at 500 K 

50 bar as given by the Redlich/Kwong Eequation.

Solution

Tr = 500/425.1 = 1.176, Pr = 50/37.96 = 1.317

From Table 3.1:
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These results are compared with those of other 

calculation in Table 6.3.
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6.4 TWO-PHASE SYSTEMS
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The Clapeyron eq. 

for pure-species 

vaporization
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Temperature Dependence of the Vapor 

Pressure of Liquids
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Corresponding-States Correlations 

for Vapor Pressure
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Ex. 6.6

Determine the vapor pressure for liquid n-hexane at 0, 30,

60 and 90C: (a) With constants from Apendix B.2.

(b) From the Lee/Kesler correlation for Pr
sat

Solution

(a)

(b) Eq.(6.78);

From Table B.1, 
From Eq.(6.81) →  =0.298

The average difference from the Antoine values is about 1.5%.
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Two-Phase Liquid/Vapor System
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6.5 THERMODYNAMIC DIAGRAMS
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6.6 Tables of Thermo. 

Properties
-----------------------
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End of Part 2 
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