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What is a Surface?
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q Surfaces are the terminal limiting planes for objects, they are two-dimensional complex planes 

q Surfaces are two-dimensional defects in materials, specifically they are topological defects containing under-
coordinated units.



Definition of Interfaces
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q When two surfaces come in atomic contact, they form an interface; hence interfaces are topological defects formed by 
the joining of two surfaces

q Interfaces are topological defects formed by the joining of two surfaces



Do Surfaces Exist?
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Plan of the Course
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Solid-Vapor Interfaces



Plan of the Course
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Solid-Liquid Interfaces



Plan of the Course
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Solid-Solid Interfaces



The Point
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What have we learned?

What is the background we really need?



Definition of Surface Energy
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There are many definitions of surface energy, the reason is that the field has derived from various disciplines and has developed 
through the years in an incoherent way. There is still no real agreement on the terminology and the symbols to be used. As often 
in this case all definitions mostly converge to the same scientific concepts.

Already in 1878, Gibbs shows that surface energy is a thermodynamic quantity, and introduces the concept of ‘excess surface 
free energy’

Let’s go in order.

First let’s define the energy of a multi-component system (as done in a standard thermodynamic approach)



Definition of Surface Energy
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The initial definition of surface energy, is the free energy needed to create a surface of unit area.

Gibbs shows that this energy has to be positive. Hence the quantity g was a quantity always positive and hence called it ‘excess 
surface free energy’ The unit are those of J/m2 or equivalently N/m



Alternative Definitions for Excess Surface Free Energy
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There are alternative definitions.

Surface Energy (g)

Surface Energy is the reversible work to create a surface of unit area at constant temperature and pressure, while keeping all of 
the atomic positions fixed to their bulk position.

An equivalent but probably more correct definition is:
Surface Energy is half of the reversible work per unit area needed to reversibly separate an infinite material in two parts at 
constant temperature and pressure, without allowing for any atomic rearrangement.



Alternative Definitions for Excess Surface Free Energy
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Surface Tension

Surface tension is the homogenous and reversible work needed to extend the surface of a material of a unit area. 
Here is a rationale:



The Key Problem in Understanding Surface Energy/Tension
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How do we create new surface area in a material?



Definition of Surface Stress
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Surface Stress (f or fij)

This is the more general definition. 

Surface Stress is the energy required to reversibly create a unit area of surface at constant temperature and pressure.



Relationship between fij and g 
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To understand the relationship between surface stress and excess surface free energy we need to better understand the 
thermodynamics of the problem.

Generic Definition of the Free Energy of a realistic system that contains one or multiple surfaces



Relationship between fij and g 
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Relationship between fij and g 
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Relationship between fij and g 
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A small parenthesis
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Let’s recall now the Neumann’s principle:

The magnitude of a particular physical property of a material, when measured along a particular direction, is unchanged when 
the material is rotated, reflected or inverted into a new orientation corresponding to one of the symmetry elements of its point 
groups.

So what is the condition needed for having vanishing diagonal terms in the matrix that represents f?



Temperature Dependence of Excess Surface Free Energy
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What is the equilibrium shape of a materials of finite dimensions?
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What is the equilibrium shape of a materials of finite dimensions?
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Stereographic Projections
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Stereographic Projections

24



Stereographic Projections
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Wulff Construction and Wulf Plot
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Wulff Construction and Wulf Plot
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Wulff Construction and Wulf Plot
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Wulff Construction and Wulf Plot
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Key Questions to be addressed
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Why different crystallographic planes have different surface energies?



Conclusions
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What have we learned?

What are the key questions to be addressed?


