




Where do Phase Diagrams 
Come From?

F=U-TS
Matter seeks to minimize the Helmoltz free energy at constant temp 

and Volume



Entropy term is 
positive because 
there are more 
ways of 
rearranging 2 
atoms in space 
then 1. 
Maximum at 
x=0.5. 



Internal energy 
term is from 
bonding, which 
can be 
energetically 
favorable or 
unfavorable.

P is number of 
nearest 
neighbors.

ε≡u_AB−1⁄2(u_AA+u_BB). 



F(x,T)=∆U(x)−T S_mix(x)

At High T, Entropy 
Term dominates and 
mixing is favorable.
 
At low T, local minima 
appear, leading to 
phase segregation.

Tc = pe/2k
p = #nearest 
neighbors
e= energy penalty per 
unlike bond
k= Boltzmann 
constant



Method of Tangents

Method of 
Tangents can be 
used to find the 
compositions of 
each phase that 
are in 
equilibrium, in 
this case 13.2 % 
for alpha and 
85.9 % for beta. 



Applying the method 
of Tangents to free 
energy curves at 
different 
temperatures can be 
used to create a 
phase diagram.



Example of real ideal system 
(no heat of mixing)



Example of system with heat of 
mixing of -30 kJ/mol 

Positive heat of mixing means 
the melting point of the alloy is 
not higher than the melting point 
of the pure phases.



Example of system with 
Positive heat of mixing. 

The point where the liquid line 
minima meets the tangents of 
the two solid phase minima 
leads to a lower melting point 
eutectic. 



Example of solid solution intermediate phase



Example of Line compound.



Homework Questions























F(x,T)=∆U(x)−T S_mix(x)

At High T, Entropy 
Term dominates and 
mixing is favorable.
 
At low T, local minima 
appear, leading to 
phase segregation.

Tc = pe/2k
p = #nearest 
neighbors
e= energy penalty per 
unlike bond
k= Boltzmann 
constant





Homework: 5.1 – 5.5



Part 2





















































Summary



Homework


