
Thermodynamics of small phases. Equation of 
Thompson Gibbs 

 Specific Surface energy, Specific edge energy, Specific Vertex energy 
 Position of half crystal 
 Equilibrium form of crystals 
 
 Heterogeneous systems differ from homogeneous ones in that phase interfaces are 
present. The properties of substances and the distribution of components in thin layers adjacent 
to the surface differ from their bulk values. The extra free energy on the surface stems from the 
unbalance of the intermolecular forces in the surface region. Therefore, between the two bulk 
phases there is an intermediate region in which the properties are  gradually changing. Gibbs 
(1875-1878) developed a consistent thermodynamic theory that took into account the 
properties related to the surface. If to phases (having volumes V1 and V2) are in contact with an 
interfacial area O the internal energy U is: 

  OuVuVuU *
2211 ++=  

In similar way are determined all excess properties related to the surface. The excess of the free 
energy is denoted by σ 
 
The I Thermodynamic Principle states: 
  dOTdSpdVdUQ σδ −−+=  
The sign (-)  denotes that external work is needed to increase the interface with dO  
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 Dimensions and magnitude: 
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According to Scapski-Turnbull rule the ratio of the specific surface energy 
and the molar melting enthalpy is a dimensionless parameter α : 
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According to Zanotto, α generally varies between 0.5 and 0.55 . 
 
 
 

EQUILIBRIUM FORM OF CRYSTALS 
Equilibrium is the form with minimum free energy  (F=min) at a given volume V and 

temperature T 
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In deriving the equilibrium form it is assumed that all surfaces are flat (although there are some 
rounded regions in the vicinity of the melting point) 
 
Let a face i has surface Oi specific surface  energy σi  and is at a distance from the midpoint of 
the crystal ri  
The overall volume is a sum of volumes of small pyramids  
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On the other hand with accuracy to second order small parameter the change ov volume is 
equal to Oi times dhi   
Therefore 
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Finally the condition of Gibbs-Curie becomes: 
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The problem is solved using the method of Lagrange : Let multiply to λ and sum two conditions 
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Equation of Thompson- Gibbs: 
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Example: cubic crystal with flat faces  

( )







=+

=++= ∑
0

0,

cliq

c
c

i
iccliqliqTp

dndn

dn
dn
O

dndndG σµµ
 

 

0=−−
c

cliq dn
dOσµµ  

For cube of side a ;  O=6a2 ; V=a3 ; 
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In isotropic approximation 
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Construction of equilibrium form, illustrations, half crystal position, two dimensional nucleus 


