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5.3: Phase Transitions

If we have a single constituent, for thermodynamic equilibrium, we should have equality of 7', p and p for different subparts of the
system. If we have different phases of the system, such as gas, liquid, or solid, in equilibrium, we have

h=T=T3=...=T (5.3.1)
b1 =p2=p3 =... =P
H1 = H2 = H3 = ...
where the subscripts refer to various phases.

We will consider the equilibrium of the two phases in more detail. In this case, we have

ni(p, T) =na(p, T) (5.3.2)
If equilibrium is also obtained for a state defined by (p +dp, T +dT') , then we have
wmi+dp, T+dT)=py(p+dp, T+dT) (5.3.3)
These two equations yield
Ap = Apz, Ap = p(p+dp, T+dT) — p(p, T) (5.3.4)

This equation will tell us how p should change when T is altered (or vice versa) so as to preserve equilibrium. Expanding to first
order in the variations, we find

—s1dr + vid, = —sodp + U2dp (535)
where we have used
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Equation 5.3.5 reduces to
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where L = T(s; —s3) is the latent heat of the transition. This equation is known as the Clausius-Clapeyron equation. It can be
used to study the variation of saturated vapor pressure with temperature (or, conversely, the variation of boiling point with
pressure). As an example, consider the variation of boiling point with pressure, when a liquid boils to form gaseous vapor. In this
case, we can take v; = vy > vy = v; . Further, if we assume, for the sake of the argument, that the gaseous phase obeys the ideal
gas law, vy = % , then the Clausius-Clapeyron Equation 5.3.7 becomes

dp L
dr = T kT?

log(ﬁ> = %(Tio - %) (5.3.9)

Thus for p > py, T must be larger than Tj; this explains the increase of boiling point with pressure.

(5.3.8)

Integrating this from one value of 7' to another,

If % and % are continuous at the transition, s; = so and v; = vy . In this case, we have to expand p to second order in the

variations. Such a transition is called a second order phase transition. In general, if the first (n —1) derivatives of p are continuous,
and the n-th derivatives are discontinuous at the transition, the transition is said to be of the n-th order. Clausius-Clapeyron
equation, as we have written it, applies to the first order phase transitions. These have a latent heat of transition.

This page titled 5.3: Phase Transitions is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by V.

Parameswaran Nair via source content that was edited to the style and standards of the LibreTexts platform.

https://phys.libretexts.org/@go/page/32028


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/32028?pdf
https://phys.libretexts.org/Bookshelves/Thermodynamics_and_Statistical_Mechanics/Thermodynamics_and_Statistical_Mechanics_(Nair)/05%3A_Thermodynamic_Potentials_and_Equilibrium/5.03%3A_Phase_Transitions
https://phys.libretexts.org/Bookshelves/Thermodynamics_and_Statistical_Mechanics/Thermodynamics_and_Statistical_Mechanics_(Nair)/05%3A_Thermodynamic_Potentials_and_Equilibrium/5.03%3A_Phase_Transitions
https://creativecommons.org/licenses/by-nc-sa/4.0
https://nair.ccny.cuny.edu/
https://academicworks.cuny.edu/cgi/viewcontent.cgi?article=1052&context=cc_oers

