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VLE

Equation of state (φ-
φ: phi-phi)

Equation of state-
Activity Coefficient 
(γ-φ: gamma-phi)

General Approaches to VLE
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Isofugacity condition: fugacity of each component 
in all phases is the same at equilibrium
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Assumptions in Raoult’s Law
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Raoult’s law

Low pressure: ideal gas 
mixture (φ = 1).

Low pressure : 
Poynting 

correction = 1, 
and φsat = 1.

Ideal solution in the liquid phase ( γ
= 1).

Shape Size Specific chemical 
interactions



Assumptions in Modified Raoult’s Law
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mixture (φ = 1).

Low pressure : 
Poynting 

correction = 1, 
and φsat = 1.

Ideal solution in the liquid phase ( γ
= 1).
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Limitations and Exceptions

Mixtures of strongly polar and/or hydrogen-
bonding components.

Mixtures of associating components e.g., 
acetic acid or hydrogen fluoride.

Mixtures at cryogenic temperatures since gas 
phase corrections are usually significant.



Approaches to Activity Coefficient
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Situations

Case

Experimental data are 
available

Find the “best” activity 
coefficient model to describe 

the data together with its 
parameters.

We have an activity 
coefficient model and its 
associated parameters

Carry out a certain type of 
VLE and/or LLE to determine 

the composition, 
temperature, and pressure 
of the coexisting phases.



Activity coefficient is defined as

Unity for an ideal mixture (IM).
Nonideal (real) mixtures given by:

Total excess Gibbs energy given by:

Definition of Activity Coefficients 
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Behavior of gex for Binary Mixtures





Gibbs-Duhem equation for excess properties

Use the definition of activity coefficients to obtain, at 
constant T and P,

Gibbs-Duhem (G-D) Equation for γ
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General G-D

G-D for Binary system



Why is G-D Equation Important?

Utility of G-D

Model
Check model 

thermodynamic 
Consistency.

Experimental 
data

Check 
experimental 

data consistency.

Self-read section 11-9 in Dahm 2014 and check the example there-within.



Model Consistency Using G-D Equation

A model is proposed for the excess Gibbs energy as             . Is this model 
thermodynamically consistent for a binary system? 
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Quiz

Check the consistency of the following suggested model for the 
activity coefficients: 2 2
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Clearly, the result of applying G-D equation does not yield a zero. Consequently, we 
conclude that this form is not a thermodynamically consistent form.



One-Constant (Two-Suffix) Margules Equation

Probably, the simplest model 
for γ

The two species activity 
coefficients are mirror images of 
each other i.e. symmetrical.
In the limit of concentration 
approaching pure component; γ
approaches unity.
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Parameter A can either be positive or negative
A > 0 leads to γ > 1; positive deviations from Raoult’s law.
A < 0 leads to γ < 1; negative deviations from Raoult’s law.

Parameter A can be obtained from one experimental 
point.
Parameter A is related to infinite dilution activity 
coefficient as:

satisfactory model for liquid mixtures containing 
constituents of similar size, shape, and chemical nature.
Resort to more complicated models for dissimilar 
(asymmetrical) mixtures.

1 2ln ln Aγ γ∞ ∞= =



van Laar Activity Coefficient Model

Used often to correlate vapor-liquid equilibrium 
(VLE) data.

Used for asymmetrical mixtures i.e., the activity 
coefficient of the first component is not a mirror 
image of the second component.

Close to symmetrical mixtures yields approximately 
the same values of A and B.
For higher asymmetry the values of A and B depart 
from each other.
General case for the two-suffix Margules equation 
when A = B.

The parameters A and B are tabulated in many 
references e.g., Sandler, Perry’s and properties 
of gases and liquids.
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van Laar Activity Coefficient Model

The values of the parameters can be obtained from a single 
measurement.

Infinite dilution activity coefficients are given by:

Can fit systems with either positive or negative deviations 
from Raoult’s law.

Important in case of mixtures of self-associated polar molecules 
with nonpolar molecules such as hydrocarbons.

Do not use for systems that exhibit minima or maxima
In the dilute region the predictions are poor.
May erroneously predict formation of two liquid phases when 
activity coefficients are larger than 7
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VLE Experimental Data
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Static Still (P-T-x)

Run at isothermal conditions, then 
measure the total pressure and 
liquid phase composition (P,x).

Easy setup.

Cannot test its thermodynamic 
consistency

Dynamic Still (P-T-x-y)

Run at isobaric conditions then 
measure (T,x,y), or at isothermal 
conditions then measure (P,x,y), 

More complicated setup.

Can test thermodynamic 
consistency.



VLE Experimental Data

Static still

Schematic diagram of a dynamic still. In this figure, 1 is the boiling flask, 2 is a 
vacuum jacket so there is no heat loss from the equilibrium chamber, 3 is a device 
that forces the boiling vapor-liquid mixture into the equilibrium cell 4, items 5 are 
condensers to insure that no vapor is lost, items 6 are injection ports so that 
composition changes can be made, 7 is a thermometer port for the bath, items 8 
and 10 are valves used to divert liquid to the sampling vials (9) for analysis and 
actuated by electromagnets (13), 11 is the thermometer well for the equilibrium 
chamber, and 12 is a very accurate platinum resistance thermometer to measure 
the temperature in the equilibrium cell.



Example 11-4 from Dahm (2014)

Data reduction using Margules Equation: Perform a 
reduction of the data for the di-isopropyl ether (1)+1-
propanol (2) system at 303.15 K using both the 1-
parameter and 2-parameter Margules equations.









Effect on the activity coefficient

The second approximate equation makes use of the fact 
that the excess partial molar volume is pressure 
independent (close to incompressible fluid concept)!

P Effect on Activity Coefficients
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Temperature has a stronger effect on the activity 
coefficient compared to pressure

For a narrow temperature range, or if the excess partial 
molar enthalpy is temperature independent,

T Effect on Activity Coefficients
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