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• Molecular (perfect) gases vs atomic gases 

 

 

 

 

 

• Total differential of (thermodynamic) functions 
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Atomic perfect gas Molecular perfect gas (SG p.17-18) 
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Total differential of (thermodynamic) functions 
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Characteristic equ. G 

G is state function 

(Gibbs free energy G as an example) 
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Lecture 2 
Phase diagrams and phase transitions of unary systems 



(Equilibrium) Phase Diagram H2O 

Lecture 2 

•Phase transitions 

•Phase boundaries 

•Phase transition temperature 

•Melting point 

•Boiling point 

•Triple point 

•Critical point 

•Polymorphic forms 

 

•Thermodynamics vs kinetics 

•Metastable phases 
 

Solid 

5 

Phase diagrams and phase transitions of unary systems 



1 bar 
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Phase diagrams and phase transitions of unary systems 

(Equilibrium) P,T  phase diagram H2O 

Solid 



Tfus = Tcryst = 273.15 K  

1 bar 
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Phase diagrams and phase transitions of unary systems 

Solid 

(Equilibrium) P,T  phase diagram H2O 



1 bar 

Tvap = 373.15 K 
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Phase diagrams and phase transitions of unary systems 

Solid 

(Equilibrium) P,T  phase diagram H2O 



1 bar 

Triple point 

273.16 K 

611 Pa 

0.006 bar 
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Phase diagrams and phase transitions of unary systems 

Solid 

(Equilibrium) P,T  phase diagram H2O 

Youtube_link 

https://www.youtube.com/watch?v=HEzkHqWIiKM&list=TLPQMjcwODIwMjW60jW3fQbWjg&index=2


Super critical sc 
1 bar 

Triple point 

Critical point 
220.6 bar 

647.1 K 
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Phase diagrams and phase transitions of unary systems 

Solid 

(Equilibrium) P,T  phase diagram H2O 



Critical point 
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Phase diagrams and phase transitions of unary systems 

l l 

g g 

super 

critical 
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Critical point 
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T < Tc(ritical) T > Tc 

Critical 

point 

220.6 bar 

647.1 K H2O 
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Phase diagrams and phase transitions of unary systems 

Youtube_link 

CO2 

https://www.youtube.com/watch?v=2d7RGQMCX24


H-bonding 

1 bar 

Triple point 

Critical point 
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Phase diagrams and phase transitions of unary systems 

Solid 

(Equilibrium) P,T  phase diagram H2O 



1 bar 
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Polymorphic forms 

for the solids 

Phase diagrams and phase transitions of unary systems 

Solid 

(Equilibrium) P,T  phase diagram H2O 



Polymorphic (solid state) phase transitions 
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Phase diagrams and phase transitions of unary systems 

c c c

b

(Tfus = 70 ºC) 

* OHO

H3C

N

CH3

H3C

Venlafaxine 

40 60 70 

T (ºC) Form I Form II Form III melt 
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1 bar 

4He 
sublimation point at 1 bar ambient conditions 
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Phase diagrams and phase transitions of unary systems 

See link on slide 12 

1 bar 
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Phase boundary lines in diagrams of unary systems 
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Phase boundary lines in diagrams of unary systems 

Solid 

Vapour and liquid are in 

mutual equilibrium only for 

(P,T) values on the line 

(Equilibrium) P,T phase diagram H2O 
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Phase boundary lines in diagrams of unary systems 

Solid 

Vapour and liquid are in 

mutual equilibrium only for 

(P,T) values on the line 

(Equilibrium) P,T phase diagram H2O 
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1 bar 

Tvap = 373.15 K 
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Phase boundary lines in diagrams of unary systems 

Solid 

Vapour and liquid are in 

mutual equilibrium only for 

(P,T) values on the line 

T = 373.15 K and P = PƟ = 1 bar 

(Equilibrium) P,T phase diagram H2O 
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Air 

1 bar 

Tvap = 373.15 K 
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Phase diagrams and phase transitions of unary systems 

Solid 

Intermezzo: 

in open system 

Water starts to boil as 

bar1)air(OH 2
P

@ Tvap = 373.15 K 

Non-equilibrium 

situation 
(Equilibrium) P,T phase diagram H2O 



1 bar 

Tvap = 373.15 K 
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Phase diagrams and phase transitions of unary systems 

Solid 

Intermezzo: 

Relative Humidity 

*

OH

OH

2

2
)air(

P

P
RH  

RH < 100% 

Non-equilibrium 

(Equilibrium) P,T phase diagram H2O 
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Phase boundary lines in diagrams of unary systems 

Solid 

Vapour and liquid are in 

mutual equilibrium only for 

(P,T) values on the line 

(Equilibrium) P,T phase diagram H2O 
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The chemical potential of phase i (i = l,g) 

Equilibrium between phases    gl OHOH 22 
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Note: we are dealing with a unary system 

m,ii G (pure compound) 

Phase boundary lines in diagrams of unary systems 

(Study guide p.11-13) 
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Importance of the chemical potential: 

ggll dndnSdTVdPdG  

Equilibrium between phases    gl OHOH 22 

Equilibrium 0, PTdG
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gl  

Phase boundary lines in diagrams of unary systems 
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Phase boundary lines in diagrams of unary systems 

gl  

gs  
I

ls  
I

Solid 

III ss  

ls  
VII

(Equilibrium) P,T phase diagram H2O 



27 

Phase boundary lines in diagrams of unary systems 

Triple point 

gl  

gs  
I
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I

Solid 

III ss  

ls  
VII

gls  
I

(Equilibrium) P,T phase diagram H2O 
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Phase boundary lines in diagrams of unary systems 

m,m, gl GG 

m,m,I gs GG 

m,m,I ls GG 
Solid 

m,m, III ss GG 

m,m,VII ls GG 

pure compound: m,ii G

(i = s, l, g) 
(Equilibrium) P,T phase diagram H2O 
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Phase boundary lines in diagrams of unary systems 

Triple point 

Solid 

Along any phase boundary line: 

m,m,  dGdG 

dTSdPVdG iii m,m,m, 

dTSdPVdTSdPV m,m,m,m,  

(between two phases α and β) 
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Phase boundary lines in diagrams of unary systems 

Triple point 

Solid 
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(between two phases α and β) 
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(is exact) 
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Phase boundary lines in diagrams of unary systems 
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Phase boundary lines in diagrams of unary systems 

Along phase boundary line: 
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Phase boundary lines in diagrams of unary systems 

Along phase boundary line: 
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Clausius-Clapeyron equation: 

Clausius-Clapeyron equation 

Benoît Clapeyron 

1799-1864 

Rudolf Clausius 

1822-1888 
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Phase boundary lines in phase diagrams of unary systems 

Exercise 5-8 



Phase transitions in phase diagrams of unary systems 

35 






m

P

S
T



















m

T

V
P
















s

m

l

m
VV 

s

m

l

m
VV 

(H2O) 

TSPVG
mmm

dddd
  

36 

Phase transitions in phase diagrams of unary systems 
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Phase transitions in phase diagrams of unary systems 
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Phase transitions in phase diagrams of unary systems 



Polymorphic (solid state) phase transitions 
39 

Phase diagrams and phase transitions of unary systems 

c c c

b

(Tfus = 70 ºC) 

40 60 78 T (ºC) 

Form I Form II Form III melt 

* OHO

H3C

N

CH3

H3C

Venlafaxine 



Polymorphic forms characterized using 

X-Ray (Powder) Diffraction 40 

Characterization (polymorphic) crystal structures 

* OHO
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CH3

H3C

Venlafaxine 



Characterized using Differential Scanning Calorimetry 
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Characterization (polymorphic) phase transitions 

* OHO

H3C

N

CH3

H3C

Venlafaxine 

40 60 78 T (ºC) 

Form I Form II Form III melt 
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Gibbs phase rule: multicomponent phases 
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(Equilibrium) Phase Diagram H2O 

Phase boundary lines in diagrams of unary systems 

Triple point 

gl  

gs  
I

ls  
I

Solid 

III ss  

ls  
VII

gls  
I

unary phase diagram 
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  ,, ii in equilibrium: 
phases α, β, γ, .... 

components i =1  

P: # phases in mutual equilibrium 

1P

2P

3P

Gibbs phase rule: multicomponent phases 

?4P

What about mixtures of compounds in the phases? 
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Importance of the chemical potential: 

Equilibrium between phases     OHOH 22 

  in equilibrium: 

Equilibrium between phases of components i in mixtures 

  ,, ii in equilibrium: 

phase α 

phase β 

Gibbs phase rule: multicomponent phases 

phases α, β 

components i  



Gibbs phase rule 

F = 2 

F: # degrees of freedom 

C: # components 

P: # phases 
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Gibbs phase rule: unary phase diagrams 

2 PCF

P = 1 

unary phase diagram 

C = 1 )and( PT
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Gibbs phase rule 

F = 1 

2 PCF

P = 2 
C = 1 

unary phase diagram 

Gibbs phase rule: unary phase diagrams 

)or( TPPT 
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Gibbs phase rule 

F = 0 

2 PCF

P = 3 
C = 1 

unary phase diagram 

Gibbs phase rule: unary phase diagrams 

)andfixed( PT
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Gibbs phase rule 

F = −1 

2 PCF

P = 4 
C = 1 

unary phase diagram 

Gibbs phase rule: unary phase diagrams 
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  ,, ii in equilibrium: 
phases α, β , γ, .... 

components i =1, 2  

binary system 

C components in each phase 

2C

Gibbs phase rule: multicomponent phases 
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So......? 


