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Lecture 28

Uniformity of Chemical Potential at Equilibrium

Last Time

Single Component Phase Diagrams: Gibbs Phase Rule

Single Component Phase Diagrams: Behavior of G

Freezing Point Depression

Conditions for the Appearance of a New Phase
Last time, it was observed that a a soluble species (i.e, salt) cannot continue to be added to a
phase (i.e. salty water) and continue to lower the freezing point.

What happens when too much salt is added to a solution?

Clearly, a solubility limit must exist and a new phase will appear.
This can be qualitatively understood by considering the behavior of the molar Gibbs free

energy of forming a solution as a function of the amount of solute XB:
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To quantify the conditions for the appearance of new phases, consider the thermodynamics
of binary (i.e. two component) alloys28

The Gibbs-Duhem equation of a system consisting of two components A and B is:

0 = SdT − V dP +
∑

Nidµi = SdT − V dP + NAdµA + NBdµB

Consider a closed system consisting of one mole of molecules: NA + NB = 1 mole:

XA =
NA

NA + NB

=⇒ XB = 1−XA =
NB

NA + NB

(28-1)

The state of the system (per mole) should be representable by three independent parame-
ters, (T, P,XB) or (T, P, XA). Therefore, using µA = µA(P, T,XB) and µB = µB(P, T, XB) in
the Gibbs-Duhem equation:

0 =S
total

dT − V
total

dP

+ XA(
∂µA

∂T
dT +

∂µA

∂P
dP +

∂µA

∂XB

dXB)

+ XB(
∂µB

∂T
dT +

∂µB

∂P
dP +

∂µB

∂XB

dXB)

(28-2)

where

dµA =
∂µA

∂T
dT +

∂µP

∂T
dP +

∂µA

∂XB

dXB

Note that ∂µA

∂T
= −SA and ∂µB

∂T
= VB, thus,

28The notation for binary alloys uses XA and XB = 1 − XA for the composition. Because, there is only
one free composition variable, sometimes people will simply use “X” to represent the amount of the second
component—in our case X = XB .














