
Lesson 9:

Thermodynamics of Nanostructures

(Size and confinement effects; Surface atoms and surface-

volume ratio; Surface energy and surface stress; Effect on 

lattice parameter; Surface energy and Wulff theorem: Wulff 

construction and equilibrium shape of nanocrystals; Inverse 

Wulff construction; Equilibrium Shape of supported

nanoscystals: the Wulff-Kaichew theorem; Solid-liquid

transition in nanostructures: size-dependent cohesive energy

and melting temperature (theoretical models and 

comparisons to experimental data))
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(from an atomic point of view, Ecoh=cohesive energy)























Equilibrium (Thermodynamic) Shape of a 
Nanocrystal: The Wulff Construction (T=0 K) 



Minimi Assoluti







Defects introduction



Thermodynamics+Kinetics Effects

T>0 K







Inverse Wulff Construction





SiO2

Embedding: isotropic condition
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On substrate: non-isotropic
condition
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(Size-dependent) Melting of Nanostructures (Solid-Liquid 
Transition)





Amplitude of atomic vibrations













Crystal structure





Nanofilm: h=spessore nanometrico

Nanowire: w=raggio 
nanometrico



Free surface
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Matrix

Embedded Nanostructures




