LibreTextsw

13.4: Energetics of Phase Changes

Let's assume we have a block of ice, H>O (s), at —10°C and 1 atm of pressure, and we begin heating it. We would monitor the
temperature and continue heating until the ice first turns into liquid water, H>O (), and with enough heat, eventually to steam, H,O
(g9). If we were to make a plot of temperature vs. time, what would the graph look like? Is the plot linear? What would we observe
at the melting point of water, 0°C, or at its boiling point at 100°C. Would the temperature shoot up? Would it level off?

Heating Curves

As heat is steadily added to the ice block, the water molecules begin to vibrate faster and faster as they absorb kinetic energy.
Eventually, when the ice has warmed to 0°C, the added energy will start to overcome the attractive intermolecular forces that
hold the water molecules in place while in its solid form. As the ice melts, its temperature does not rise. All of the energy that is
being put into the ice goes into the melting process and not into any increase in temperature. During the melting process, the two
states — solid and liquid — are in equilibrium with one another. If the system was isolated at that point and no energy was allowed to
enter or leave, the ice-water mixture at 0°C would remain. Temperature is always constant during a change of state.

After the ice has completely melted, continued heating of the water will now increase the kinetic energy of the liquid molecules and
the temperature will, once again, rise. Assuming an atmospheric pressure of 1 atm is maintained, the temperature will rise steadily
until it reaches 100°C. At this point, the added energy from the heat will cause the liquid to begin to vaporize. As with the previous
phase change, the temperature will remain at 100°C as the water molecules overcome the remaining intermolecular forces that hold
them together in the liquid phase as they transition to the gaseous phase. Once all the liquid has completely boiled away, continued
heating of the steam will allow the temperature to resume increasing, this time at temperatures above 100°C.

The experiment described above can be summarized in a graph called a heating curve, as shown in Figure 13.4.1:
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Figure 13.4.1: The heating curve for water at 1 atm. Temperature plateaus in the curve are due to phase transitions.

Phase Change Energetics

The previous section described the phase transitions that took place heating water, causing it to change from a solid to a gas. The
addition of heat energy to a system from its surroundings is an endothermic process. In other words, ice absorbs energy from the
surroundings in order to transition into liquid. Likewise, liquid water absorbs energy from the surroundings in order to transition
into a gas. This means that phase transitions in the opposite direction are exothermic — they release energy to the surroundings.
Converting steam to liquid water is exothermic, as is converting liquid water to ice.
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The energetics of phase transitions are summarized in Figure 13.4.2 below. The gaseous phase of a substance is the one with the
highest energy, while the solid phase of a substance is the one with the lowest energy. In order to move to a higher energy phase,
energy must be absorbed from the surroundings (endothermic). In order to move to a lower energy phase, energy must be released
to the surroundings (exothermic).
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Figure 13.4.2: The energetics of phase transitions.

Applications of Phase Changes

Many plants are damaged when they experience frost or a hard freeze. In northern climates, a late spring frost can damage young
plants or the buds or blossoms on fruit trees. In southern climates, where temperatures rarely go below 0°C (32°F), a frost may be
particularly damaging to the fruits and trees.

It likely seems ironic, but one of the ways that growers protect plants and trees from damage due to frost or a hard freeze is by
spraying them with water (see Figure 13.4.3) while the temperatures approach and go below the freezing point. Ice begins to
accumulate on the trees. How can this be a good thing? As we can see from the graphic above, the freezing is an exothermic
process — it releases energy to the surroundings. In other words, heat energy is released to the surrounding buds, flowers, foliage, or
fruit as long as water continues to freeze. Furthermore, as a layer of ice forms, it acts as an insulation from the freezing
temperatures. Cool, huh?
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Figure 13.4.3 (left to right): Frost protection by spraying the buds and blossoms of apple trees with water. (Haneburger via

Wikimedia Commons); Freeze protection by spraying citrus trees with water (weatherguyd via Flickr)

An application of phase change energetics that you have likely experienced is sweating. When humans sweat, sweat droplets and/or
a thin layer layer of sweat covers the skin. As the water in the sweat evaporates, the faster molecules are able to overcome the
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intermolecular attractions that hold them together, leaving behind the slower moving molecules. We observe slower moving
molecules as being cooler. Additionally, from the phase change energetics graphic in Figure 13.4.2 above, we see that the transition
from a liquid into a gas is an endothermic process. In other words, heat is absorbed from the surroundings — in this case, the
surroundings are our skin and bodies. The effect is to cool us off. This is also why pigs and other animals roll in mud or water on a
warm and sunny day. As the water evaporates, it serves to keep them cool.

Figure 13.4.4 shows how a central air conditioner works. Outside of the house sits the central air unit. If you've ever stood outside
and felt the air coming off an air conditioner, whether it is a central air unit or a window unit, you will notice that the air feels warm
or even hot. That's because there is a hose or pipe that carries a substance in the gaseous phase from the inside of the house to the
outside where it goes through the process of condensation in the compressor. Referring to the graphic in Figure 13.4.2 once again,
we can see that the the transition from a gas to a liquid is exothermic — heat is released to the surroundings.

How an Air Conditioner Works:

Similar to how a refrigerator works, air conditioners transfer heat
from a home's interior to the warm outside environment.
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Figure 13.4.4: Central air conditioning condenser and coil diagram. (via U.S. Department of Energy)

From here, the liquid is sent back into the house where it goes through the process of evaporation in the evaporator. The process of
evaporation, the transition from a liquid to a gas, is endothermic — heat is absorbed from the surroundings. In this case, the
surroundings are the inside of your house. A fan blows air from the inside of the house over the coils in the evaporator to make the
process more efficient.

Refrigerators and freezers work in a similar manner to air conditioners. The compressor sits outside the insulated portion of the
refrigerator or freezer, which is where the condensation takes place and why you feel warm air coming out from underneath or
behind the unit. In most refrigerators and freezers, the evaporator coils remain hidden in the walls or shelves within the insulated
portion of the unit. This is where the evaporation takes place and why it feels cool inside the unit.

Example 13.4.1

Which phase changes are endothermic?

Solution

Referring to Figure 13.4.2, any phase change to a state of higher energy is endothermic, i.e. it absorbs energy from the
surroundings. The phase changes include:

o melting (solid to liquid)
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¢ boiling/evaporation (liquid to gas)
¢ sublimation (solid to gas)
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. Exercise 13.4.1

What happens to the temperature during a phase change when a substance is being heated? Explain why.
Answer

The temperature remains constant, because the energy is being used to overcome intermolecular
forces that:

« hold the particles in a solid in fixed positions when a substance is melting.
« hold the particles in a liquid in close contact when a substance is evaporating or boiling.

Summary

e The temperature of a substance remains constant while a phase change occurs.

¢ Endothermic processes go from low energy to high energy: solid to liquid to gas.

o Exothermic processes go from high energy to low energy: gas to liquid to solid.

o Energetics of phase transitions have multiple real-world applications in botany and cooling our homes and food.
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