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RAGURE 13-19 PV diagram for &
real substance. Curves A, BOC, and
[ represent the same gas at
deffrent Niked tomporaiures
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Let us ook at a graph of pressure ploted against volume for a given
amaount of gas, On such o PV disgram,” Fig 13=19, each pomt represents an
cquilibrium state of the given substance. The variouws curves (labeled A, B, C,
and [2) show how the presure varies as the volume 1s changed at constant
lemperature for several different values of the lemperatore. The dashed curve
A represents the behavior of a gas as predicied by the ideal gas law; that is,
MV o= consianl, The solid curve A represenis the behavior of a real gos ot the
aame temperature. Notice that ot high pressure. the volume of a real gas is less
than that predicted by the ideal gas law. The curves B and C in Fig. 13-19
represenl the gas al successively lower lemperatures, and we see that the
behavior deviates even more from the curves predicted by the ideal gas law
(T ﬂ:lil!'l'll'ﬂl:. 15, ol Thee cevantion 1% greater thiz ¢loser The £as 1% i Ii.-l,!u:_:l'}'mg.

Tor explain this, we note that at higher pressure we expect the molecules 1o
be closer wegether, And, particularly at lower lemperatures, the potential energy
assoginled with the atiractive forces between the maolecules (which we ignored
hefore ) is o longer negligible compared to the now reduced kinetic energy of
the moleciles These aliractive Torces tend To pull the molecules closer logether
=0 4t o given pressure, the volume is bess than expected from the ideal gas low.
At still lower temperatures, these forees cawse hguefaction, and the molecules
become very close logelher.

Curve I} represents the situation when liguefaction osocurs, At low pressure
on curve I {om the fght in Fig, 13=19, the substance s a gas and occupies a
large volume. As the pressurg is incrensed, the volume decrenses until point b is
reached. Bevond b, the volome decreases with no change in pressure; the
subsiange is gradually changing from the gas 1o the liguid phase, AL paint a, all
of the substance has chonged to liquid. Further increase in pressure reduces the
volume only slightly—Iliquids are nearly incompressible—so on the left the
curve is very steep us shown, The shoded aren under the dashed line represents
the region where the gas and liguid phases exist together in equilibriam.

Curve © in Fag. 13=19 represents the behavior of the substance at s eritical
temperature; the point ¢ {the one point where this curve is horizontal) is called
the eritical paint. A1 emperatures less than the eritical wmperatare (and this is
thiz defimition of the term), a gas will change to the hguwid phase if sufficent pres-
sure is applied. Above the critical temperature, no amount of pressure con cause
a gas o change phase and become a liguid: no lguid swrface forms. The eritical
lemperatures for various gises are given in Table 13-2, Scientists tried for many
vears 1o liquely oxyeen without success, Only after the discovery of the enitical
poimt was it replized thil osygen can be liguehed only if first cooled below s
critical temperature of — [ 18°C.

Citen a distinction s made beiween the terms “gas™ and “wapor™: a
subslance below its critical temperaturg in the gaseous stale is called a sapor,
abowe the eritical temperature, it is called a gas.

The behavior of a substance can be digrammed mot only on a PV diagram
but plso on a PT disgram. A PT disgram. often called o phase diagram, is

TABLE 13-2 Critical Temperatures and Pressures

Criticul Temperature Critical Pressure

Sl moe g 2 k E )
Waier X4 647 218

o0, 31 3 728
Choygen =118 153 50

Mitrogen =147 121 1.5
Hydrogen ~ 7309 333 128
Helium —7.9 53 23
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