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Liquid-phase properties from 
VLE data

• Fugacity
– For species i in the vapor mixture:
– Vapor/liquid equilibrium:
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– The vapor phase is assumed an ideal gas:
– Therefore:

• The fugacity of species i (in both the liquid and vapor 
phases) is equal to the partial pressure of species i in 
the vapor phase.

• Its value increases from zero to Pi
sat for pure species i
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Fig. 12.1
System MEK(1)/ Toluene(2)

Table 12.1

The first three columns are P-x1-y1 data.
Columns 4 and 5 are:

Column 6 is:

Pyf 11̂ = Pyf 22̂ =
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Fig 12.2

Fig 12.3
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Henry’s constant, the limiting slope of the
curve at xi = 0.
Henry’s law expresses:                             , it is 
approximate valid  for small values of xi
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Henry’s law
Gibbs/Duhem equation

Lewis/Randall rule

Gibbs/Duhem equation for binary mixture at const. T and P: 02211 =+ MdxMdx
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x1 → 0 x2 → 1

0ˆlnˆln 2211 =+ fdxfdx

Division by dx1

0
ˆlnˆln

1

2
2

1

1
1 =+

dx

fd
x

dx

fd
x

021 =+ dxdx

2

2
2

1

1
1

ˆlnˆln

dx

fd
x

dx

fd
x =

22

22

11

11

/ˆ
/ˆ

/ˆ
/ˆ

xf

dxfd

xf

dxfd =
limit

22

22

0
11

11

1 /ˆ
/ˆ

lim
/ˆ
/ˆ

lim
21 xf

dxfd

xf

dxfd
xx →→

=

when x1 = 1, 11̂ ff =

( )
( )22

0

022

11

1

1 /ˆlim

/ˆˆ1

2

2

1
xf

dxfd

dx

fd

f
x

x

x →

=

=

=













1
111

1

=






 =x
dxf



Excess Gibbs energy

• Table 12.2
– Column 6:
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Fig. 12.5

Positive deviation from Raoult’s law behavior: 1≥iγ 0ln ≥iγ
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The dimensionless excess Gibbs energy:
The value of GE/RT is zero at both x1= 0 and x1 =1 
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From Fig 12.5(b), linear relation: 212121
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Models for the excess Gibbs energy

• GE/RT = f (T, P, composition)
– At constant T: 
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Data fitting, convenient, 
but only for binary system
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= The van Laar equation



Local composition models

• Can be applied to multi-component systems

• The Wilson equation: )ln()ln( 2112212211 Λ+−Λ+−= xxxxxx
RT
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• The NRTL(Non-Random-Two-Liquid) equation:

• The UNIQUAC equation and the UNIFAC method:
– App. H.
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Property changes of mixing

• Excess properties
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The M change of mixing

Because of their direct measurability, 
∆V and ∆H are the property changes 
of mixing of major interest.



Fig 12.10

221121 )( VnVnVnnV t −−+=∆

221121 )( HnHnHnnHQ t −−+=∆=

21
2211 nn

V
VxVxVV

t

+
∆=−−≡∆

21
2211 nn

Q
HxHxHH

+
=−−≡∆



The excess enthalpy (heat of mixing) for liquid mixture of species 1 and 2 at fixed T 
and P is represented by the equation:

Determine expressions for         and          as functions of xi. EH1
EH2
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Fig 12.13

1. Each ∆M is zero for a pure species.
2. The Gibbs energy change of mixing ∆G is always negative.
3. The entropy change of mixing ∆S is positive.



Heat effects of mixing processes

• Heat of mixing:
– For binary systems:

– When a mixture is formed, a similar energy change 
occurs because interactions between the force fields of 
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occurs because interactions between the force fields of 
like and unlike molecules are different.

• Heat of solution
– based on 1 mol of solute dissolve in liquids:
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