Thermodynamics of small phases. Equation of

Thompson Gibbs
Specific Surface energy, Specific edge energy, Specific Vertex energy
Podtion of haf crysta
Equilibrium form of arygds

Heterogeneous sysems 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 vaues. The extra free energy on the surface gems 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  gradudly changing. Gibbs
(1875-1878) developed a conggent thermodynamic theory that took into account the
properties related to the surface. If to phases (having volumesV; and V,) arein contact with an
interfacid area O theinternd energy U is

U=uV,+uwV,+u O
In Smilar way are determined al excess properties related to the surface. The excess of the free
energy isdenoted by s

Thel Thermodynamic Principle dates

dQ =dU + pdV - TdS- sdO
Thedgn (-) denctesthat externa work is needed to increase the interface with dO

dF =dU- TdS- SAT =dU - dQ- ST

dQ =dU +dwW
dQ =dU + pdV - sdO
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Dimengons 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 a.:
sVZENL®  sd?N,
“““bh.  DH.
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According to Zanotto, a generaly varies between 0.5 and 0.55.

EQUILIBRIUM FORM OF CRYSTALS
Equilibrium isthe form with minimum freeenergy (F=min) at a given volumeV and
temperature T

| F =min u
|V consty
1T constb

In deriving the equilibrium form it is assumed thet dl surfaces are flat (dthough there are some
rounded regionsin the vidnity of the mdting point)

Let aface i has surface O specific surface enargy s; and isa adistance from the midpoint of
thecryad I
The oveadl volumeisasum of valumes of smdl pyramids

IF=8s,0, =min
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-IL-V :gé_ r.O. =const
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On the other hand with accuracy to second order smdl parameter the change ov valume is
equd to O, times dh;
Therefore

é O,dr; :lé r,dO,
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Findly the condition of Gibbs-Curie becomes:



as,do =0

ar do, =0
The problem is solved using the method of Lagrange : Let multiply tol  and sum two conditions
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als,-10,)do =0 Let | =—%
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But there are s-1 independent variables so that I
[
Equation of Thompson Gibbs:
G=n;;m,+n.m +ésiq +a K;l; =min

Example: cubic arysd with flat faces

: (dG)pT = rT]iqdnliq + rn:dnc + é S i ;)i dnc = 0
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For cube of sdea; O=6a’; V=a’; 4o _ 4.
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In isotropic approximation
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Condruction of equilibrium form, illusrations, haf crystd position, two dimensiond nudeus



