
The number of microstates is:

Ω =
NL!

NV !(NL −NV)!

where NV is the number of defects, and NL is the number of atoms.

Entropy is:
S = kB lnΩ

Using the approximation ln x! ≈ x ln x, this gives:

∆Sm = kB

[
NL lnNL −NV lnNV − (NL −NV) ln(NL −NV)

]
The change in free energy is:

∆F = NV∆hV + T∆S

where ∆hV is the energy cost of creating one vacancy.

So

∆hV + kBT ln

(
NV

NL −NV

)
= 0,

or, since NV ≪ NL,

∆hV + kBT ln
NV

NL

= 0,

⇒ NV

NL

≈ exp

(
−
∆hV

kBT

)
.
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