The Thermodynamics of Phase Transitions

Simple substances exist in three different phases: solid, liquid
and gaseous. In a P-T diagram we distinguish the sublimation
line, the vaporization/condensation line, and the
melting/freezing line. The vaporization line terminates at the
critical point. The point where all three lines meet is called
triple point. Still, the substance is completely described in P-
V-T space by the equation of state.

On all lines two phases coexist, they are also called two-phase
coexistence lines. This means that for certain combinations of
P and T, the equation of state has two solutions with different
volume per particle v=V/N. In the P-V diagram the isotherm is
horizontal at a coexistence state, i.e., for given P there is a
whole range of possible V. Since there are only two coexisting
phases, the system shows phase separation or phase
equilibrium.

For a given T the pressure at liquid-gas coexistence is called
the vapor pressure. If the vapor pressure equals the external
pressure, the liquid boils (for water, the vapor pressure is 1 bar
=10’ Pa at 100°C).

Isothermal compression of a pure vapor at coexistence induces
condensation, but the pressure stays constant. Only vapor
away from coexistence behaves like a normal gas and the
pressure rises with compression (this holds for pure
substances!).

Upon approach of the critical point, the difference between the
liquid and vapor phases disappears.

At the triple point, all three different phases coexist.
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Phasendiagramm
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Phasendiagramm und P-V Diagramm
von Kohlendioxid
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Hypothese der korrespondierenden Zustiande
am kritischen Punkt — experimentell bestatigt!
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