particularly convenient for comparing the different phases of a substamce.
Frgure 13=20 15 the phase dhagram for water. The curve libeled o represents
those points where the liguid and vapor phases are in cquilibrium—it is thus a
graph of the bodling point versus pressure, Note that the curve correctly shows
that at a pressure of 1 atm the boiling point is [00°C and that the boiling point
is bowered for a decrepsed presawre, The curve s-f represents points where solid
and lequad exist in equibbrium and thus s o graph of the freeang poinl versus
pressurc. AL | atm, the frecring point of water is °C, as shown. Motice also in
FI.F. 13-20 thay 3 & pressure of | aim, the subsiance 1% in e |'i|..|1L'i|:| phase il tha
temperature is between 3°C and 100°C, bul is in the solid or vapor phsse T
the temperature is below 0°C or above 100°C, The curve labeled s-v is the
weifnmaiien _|l:|'|1r'.r|:r VETHEUS Pressure curve, Sopblimation relers o The rrosess
wherchy at low prossurcs a solid changes directly into the vapor phase withouwt
passing through the liguid phase. For water, sublimation ocewrs if the pressure
of the waler vapor is less than 00060 gim, Carbon dioside, which in the solid
phase is called dry ice, sublimates even at atmospheric pressure.

The inlersaciion of The Thres clirves (A I":g. | A0} 1% The lripll: rninl. For
waler this occurs at T = 27316 K and P = 6.03 = 10 atm. It is only ot the
tripl podnt that the three phases can exist together in equilibrium. Because the
tAple poinl corresponds Iooa unigue valoe of lemperatune and pressure, il s
precisely reproducible and is often used as a point of reference. For example,
the standard of temperature 1% usually specified as exactly 275,16 K at the riple
point of water, rather than 27515 K at the freczing point of water at 1 atm,

Motice that the s/ curve for water slopes upward o the lefi. This is oo
only of subsiances (hul expond upon freceing: ol a higher pressure, a lower
temperature is needed to cause the liquid to freeze. More commaonly, substances
contract upon freering and the s-f eurve slopes apward Lo the right, as shown for
carbon dioxide (CO,) in Fig. 13-21.

The phase transitions we have been discussing are the common anes. Some
substamces, however, can exisi in several forms in the solid phase. A Lransilion
from one phase to another ocours at a particular temperature and pressure, just
like ardinary phase changes, For example, ice has been obscivied in an least eight
forms ol very high pressure, Ordinary heliom hos two distinet Bguid phases,
called helium 1 and TL They exist only al temperatures within a few degrees of
absoplute #ero. Helium TT exhibits very wnusual properies referred 1o as
superfluidity. 1t has essentinlly zero viscosity and exhibils stringe properlies
such as climbing up the sides of an open container.

*m Vapor Pressure and Humidity

Il o plass of waler is lefl ol overnight, the waler kevel will have dropped by
morming. We say the water has evaporated, meaning that some of the water has
changed o the vapor of gas phase,

This process of evaporstion can be expliined on the basis of kinetic
theory, The molecules in a liquid move past one anoither with a vanety of
.|.|'.||.'.u|.'d': thiat Tollow, ;lpprnti.mnll,:ly. the Maxwell distribution. There are slrang
attractive forces between these molecules. which is what keeps them close
together in the liquid phase. A molecule near the surface of 1the liguid may,
because of its speed, leave the liguid momentarily, But jest a5 @ rock thrown
into the air returns to the Earth, 5o the attractive forces of the other molecules
i |'|-|.1|| 1thie 'r':lf_;:h-:mn:l mabecule back 1o the |'ir.||.lid surlpce—1ihat 15, 1f s
velocily is nol loo lorge. A maolecule with a high enough velocily, however, will
eacape the liguid entirely, like a rocket escaping the Earth, and become pan of
the gns phnse, Only those molecules that have kinetic energy above s particulor
value eon cseape o the gas phasc. Wie have already seen that Kinctic theory predicts
that the relative number of moleciiles with kinetic energy above a particiilar valie
(such as £, in Fig. 12-18) increases with lemperature. This is in aceord with the
well-known observation that the evaporation rate is greater at higher temperatures
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