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7.6.1: Melting, Freezing, and Sublimation

Define melting, freezing, and sublimation.

A phase change is a physical process in which a substance goes from one phase to another. In this subsection, we will be focusing
on the transitions between liquids and solids, as well as between solids and gases. The process of a solid becoming a liquid is called
melting (an older term that you may see sometimes is fusion). The opposite process, a liquid becoming a solid, is called freezing
(some textbooks also use the word solidification for this process). Although we associate the term freezing with low temperatures
and melting with high temperatures, the temperature at which these changes occur depends upon the substance. For example, bacon
grease becomes solid at room temperature; we could say that it freezes even though we do not experience that temperature as being
“cold.” Even more extreme, many metals freeze at temperatures greater than 1000°C! (And based on what we have already covered
related to crystalline solids, hopefully you can predict that metals will freeze at much higher temperatures than water.)

Usually the phase change occurs when adding or removing heat at a particular temperature, known as the melting point or the
boiling point of the substance. The melting point is the temperature at which the substance goes from a solid to a liquid (or from a
liquid to a solid). The boiling point is the temperature at which a substance goes from a liquid to a gas (or from a gas to a liquid).
The nature of the phase change depends on the direction of the heat transfer. Heat going into a substance changes it from a solid to
a liquid, or a liquid to a gas. Removing heat from a substance changes a gas to a liquid, or a liquid to a solid.

Two key points are worth emphasizing. First, at a substance’s melting point or boiling point, two phases can exist simultaneously.
Take water (H O) as an example. On the Celsius scale, H O has a melting point of 0°C and a boiling point of 100°C. At 0°C, both
the solid and liquid phases of H O can coexist. However, if heat is added, some of the solid H O will melt and turn into liquid H O.
If heat is removed, the opposite happens: some of the liquid H O turns into solid H O. A similar process can occur at 100°C:
adding heat increases the amount of gaseous H O, while removing heat increases the amount of liquid H O (Figure ).

Figure : The Boiling Point of Water. Nucleate boiling of water over a kitchen stove burner. (Source: Wikipedia). Water is a
good substance to use as an example because many people are already familiar with it. Other substances have melting points and
boiling points as well.

Second, the temperature of a substance does not change as the substance goes from one phase to another. In other words, phase
changes are isothermal (isothermal means “constant temperature”). Again, consider H O as an example. Solid water (ice) can exist
at 0°C. If heat is added to ice at 0°C, some of the solid changes phase to make liquid, which is also at 0°C. Remember, the solid and
liquid phases of H O can coexist at 0°C. Only after all of the solid has melted into liquid does the addition of heat change the
temperature of the substance.

For each phase change of a substance, there is a characteristic quantity of heat needed to perform the phase change per gram (or per
mole) of material. The heat of fusion (ΔH ) is the amount of heat per gram (or per mole) required for a phase change that occurs
at the melting point. Calculations related to the heat of fusion will be covered in a later subsection.

Melting Point
Solids are similar to liquids in that both are condensed states, with particles that are far closer together than those of a gas.
However, while liquids are fluid, solids are not. The particles of most solids are packed tightly together in an orderly arrangement.
The motion of individual atoms, ions, or molecules in a solid is restricted to vibrational motion about a fixed point. Solids are
almost completely incompressible and are the most dense of the three states of matter.
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As a solid is heated, its particles vibrate more rapidly as the solid absorbs kinetic energy. Eventually, the organization of the
particles within the solid structure begins to break down and the solid starts to melt. The melting point is the temperature at which
a solid changes into a liquid. At its melting point, the disruptive vibrations of the particles of the solid overcome the attractive
forces operating within the solid. As with boiling points, the melting point of a solid is dependent on the strength of those attractive
forces. Sodium chloride  is an ionic compound that consists of a multitude of strong ionic bonds. Sodium chloride melts at 

. Ice (solid ) is a molecular compound composed of molecules that are held together by hydrogen bonds. Though
hydrogen bonds are the strongest of the intermolecular forces, the strength of hydrogen bonds is much less than that of ionic bonds.
The melting point of ice is .

The melting point of a solid is the same as the freezing point of the liquid. At that temperature, the solid and liquid states of the
substance are in equilibrium. For water, this equilibrium occurs at .

We tend to think of solids as those materials that are solid at room temperature. However, all materials have melting points of some
sort. Gases become solids at extremely low temperatures, and liquids will also become solid if the temperature is low enough. The
table below gives the melting points of some common materials.

Materials Melting Point (ºC)

Table : Melting Points of Common Materials

Hydrogen -259

Oxygen -219

Diethyl ether -116

Ethanol -114

Water 0

Pure silver 961

Pure gold 1063

Iron 1538

a. Explain what happens when heat flows into or out of a substance at its melting point or boiling point.
b. How does the amount of heat required for a phase change relate to the mass of the substance?

Answer a

The energy goes into changing the phase, not the temperature.

Answer b

The amount of heat is a constant per gram of substance.

Sublimation
Under some circumstances, the solid phase can transition directly to the gas phase without going through a liquid phase, and a gas
can directly become a solid. The solid-to-gas change is called sublimation, while the reverse process is called deposition.
Sublimation is isothermal, like the other phase changes. There is a measurable energy change during sublimation—this energy
change is called the enthalpy of sublimation, represented as ΔH . The relationship between the ΔH  and the other enthalpy
changes is as follows:

As such, ΔH  is not always tabulated because it can be simply calculated from ΔH  and ΔH .

(NaCl)

C801o OH2

C0o

C0o

O(s) ⇌ O(l)H2 H2 (7.6.1.1)
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 Exercise 7.6.1.2
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There are several common examples of sublimation. A well-known product, dry ice, is actually solid CO . Dry ice is dry because it
sublimes, with the solid bypassing the liquid phase and going straight to the gas phase. The sublimation occurs at temperature of
−77°C, so it must be handled with caution. If you have ever noticed that ice cubes in a freezer tend to get smaller over time, it is
because the solid water is very slowly subliming. "Freezer burn" isn't actually a burn; it occurs when certain foods, such as meats,
slowly lose solid water content because of sublimation. The food is still good, but looks unappetizing. Reducing the temperature of
a freezer will slow the sublimation of solid water.

Figure : Freezer burn on a piece of beef. (Public Domain; RolloM.)

Summary 
There is an energy change associated with any phase change.
Sublimation is the change of state from a solid to a gas, without passing through the liquid state.
Deposition is the change of state from a gas to a solid.
Carbon dioxide is an example of a material that easily undergoes sublimation.
The melting point is the temperature at which a solid changes into a liquid.
Intermolecular forces have a strong influence on melting point.
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