
I. Last Time 
II. A Brief  Tour of  Other Phase Transitions 
III. Exploring the Van Der Waals Equation of  State and Phase 

Transitions in Detail

Today

I.  Yan told us about the graphite-diamond phase transition: 
Shift of  focus towards `phase diagrams’, which plot  vs. .  
We saw that the correct potential to focus on was the Gibbs free 
energy: .  
We’ve also been exploring the fact that the material is in equilibrium 
(or stable, or has max entropy) when the Gibbs free energy is 
minimized. 

P T

G = G(P, T, N) = μ(P, T )N



II. A few more phase transitions:  



II. A few more phase transitions:  



III. Let’s explore the van der Waals equation of  state as a detailed 
model of  phase transition.  

Why this one? This is one of  the simplest non-trivial models. 
Another reason is that it’s great for doing numerical simulations.  

These things said, the van der Waals equation of  state is 
approximate. So, it’s predictions are not necessarily quantitatively 
accurate.  

The equation of  state is:  

. 

The modification of  the volume comes from taking the volume of  
the molecular constituents into account. What about the  term?

(P +
aN2

V2 )(V − bN) = NkT

a



III. The equation of  state is:  

. 

What about the  term? This is a modification of  the pressure.  

How does potential energy scale with density? The potential energy 
of  the gas should scale linearly with the density, and we have  
particles, so  

. 

The Thermo identity states: 
, 

or for a fixed amount of  stuff  ( ), and a fixed entropy we have 

  and . 
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III. The equation of  state is:  

. 

What about the  term? This is a modification of  the pressure.  

. 

The Thermo identity states: 
, 

or for a fixed amount of  stuff  ( ), and a fixed entropy we have 

  and .  

This gives :  
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Pdue to P.E. = − aN2/V2

P =
NkT

(V − bN)
−

aN2

V2



III. The equation of  state is:  

. 

The key to understanding what happens with our substance is Yan’s 
insight that we should look for the phase that has the lowest Gibbs 
free energy. 

(P +
aN2

V2 )(V − bN) = NkT



III. The equation of  state is:  

. 

The key to understanding what happens with our substance is Yan’s 
insight that we should look for the phase that has the lowest Gibbs 
free energy.  

We have  
, 

Again we fix the amount of  material ( ) and the temparature:\ 

. 

To integrate this with respect to volume it helps to write the first 
term’s numerator , this allows us to do all the 

integrals…
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III. We have  
, 

Again we fix the amount of  material ( ) and the temparature:\ 

. 

To integrate this with respect to volume it helps to write the first 
term’s numerator , this allows us to do all the 

integrals… 
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G = − NkT ln(V − Nb) +
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