
Lecture 11: Law of Corresponding States

Phase Diagram, Law of Corresponding States



Phase Diagrams - Gen Chem

Critical Point (TC): Point where liquid
and gas phases are indistinguishable;
temperature where gas cannot be
liquidfied

Triple Point: Point where solid, liquid,
and gas phases coexist

Critical Properties (PC , VC): Pressure
and molar volume of a substance at TC



Phase Diagrams - PChem

Isotherm: constant temperature curve



Phase Diagrams - Coexistance Region, Real Gas

Consider the path traced by
G → A → D → L

Phase change from gas to liquid by
increasing pressure
A → D: liquid–gas coexistance region
Region decreases as temperature
increases, until merge to TC



Phase Diagrams - Spurious Loops in VDW

Consider the path traced by
G → A → D → L

VDW model has spurious loops ∂P
∂V

> 0

Solving cubic gives 3 roots, A, D, and
unstable middle point



Phase Diagrams - Merging of Roots to determine TC

Consider the critical point TC

Inflection point:
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Point where 3 roots becomes one root is
the critical point TC



Van der Waals Critical Constants

Start from VDW cubic form:
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Van der Waals Critical Constants

Substitute V c = 3b in:
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Law of Corresponding States

Recognize that the Zs are constant
V c = 3b Pc =

a

27b2
Tc =

8a

27bR
van der Waal:
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van der Waals Law of Corresponding States

Law of Corresponding States

Properties of all gases are identical if we compare them under relative conditions to
their critical point

Substitute vdw with rearranged vdw parameters:
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van der Waals Law of Corresponding States

Rearrange Critical Relation:
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van der Waals Equation in Reduced Variables

This is a universal equation - no gas specific a or b variables
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Where we defined reduced variables Pr =
P
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Vr =
V
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Tr =
T
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