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Summary

Changes of phase involve a transfer of energy.

23.1 Evaporation
Evaporation is a process that cools the liquid left behind.

The four possible forms of matter—solid, liquid, gas, and plasma—are
called phases.
Evaporation is a change of phase from a liquid to a gas that takes place
at the surface of a liquid.
Molecules at the surface of a liquid that gain kinetic energy by being
bumped from below may have enough energy to break free of the liquid.
They then comprise a vapor, molecules in the gaseous phase.

23.2 Condensation
Condensation warms the area where the liquid forms. 

Condensation is the changing of a gas to a liquid.
When any substance contains the maximum amount of another
substance, the first substance is said to be saturated.
The ratio between how much water vapor is in the air and the maximum
amount that could be in the air at the same temperature is called the
relative humidity.
The faster water molecules move, the less able they are to condense to
form droplets. A key feature of fog and cloud formation is a slowing
down of water vapor molecules in the air.

23.3 Evaporation and Condensation Rates
The molecules and energy leaving a liquid’s surface by evaporation can 
be counteracted by as many molecules and as much energy returning 
by condensation. 

Evaporation and condensation normally take place at the same time.
If evaporation exceeds condensation, the liquid is cooled; if condensation
exceeds evaporation, the liquid is warmed.

23.4 Boiling
Increasing the pressure on the surface of a liquid raises the boiling 
point of the liquid. 

The change of phase from liquid to gas beneath a liquid’s surface is
called boiling.
The pressure of the vapor within the bubbles in a boiling liquid must be
great enough to resist the pressure of the surrounding water. Bubbles do
not form until the boiling point is reached.
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23.5 Freezing
In general, dissolving anything in a liquid lowers the liquid’s freezing 
temperature.

When energy is extracted from water at a temperature of 0 C and at
atmospheric pressure, ice is formed.
The change in phase from liquid to solid is called freezing.
If sugar or salt is dissolved in water, the freezing point will be lowered.

23.6 Boiling and Freezing at the Same Time
Lowering the atmospheric pressure can cause water to boil and freeze 
at the same time!

If drops of coffee are sprayed into a vacuum chamber, they will boil until
they freeze. After they are frozen, the water molecules evaporate until
crystals of coffee are left—this is how freeze-dried coffee is made.

23.7 Regelation
Regelation can occur only in substances that expand when they freeze.

The phenomenon of melting under pressure and freezing again when the
pressure is reduced is called regelation.
When you make a snowball you use regelation; you compress the snow
with your hands, causing a slight melting that helps the bind the snow
into a ball.

23.8 Energy and Changes of Phase
Energy must be put into a substance to change its phase from solid to 
liquid to gas. Conversely, energy must be extracted from a substance to 
change its phase from gas to liquid to solid.

If a piece of ice is heated, its temperature will rise steadily until it reaches
0 C. The temperature will then remain at 0 C until all of the ice melts.
After all of the ice melts to form water, the water’s temperature will rise
steadily until it reaches 100 C. The temperature will then remain constant
at 100 C until all of the water becomes steam. After all of the water is
changed to steam, the temperature will continue to rise.
The phase change process is reversible. The energy required to vaporize
a gram of water is a relatively large amount of energy—much more than
is required to change a gram of ice at absolute zero to boiling water at
100 C.
A refrigerator’s cooling cycle is a good example of the energy
interchanges that occur with the changes of phase of the
refrigeration fluid.
A device that moves heat is called a heat pump.


