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Phase Change
You have learned in earlier science classes that there are three different types of
matter: solid, liquid, and gas. You also know that these are really just three different
ways of arranging the same stuff. If you put together H2O molecules in a very strict arrangement, you get a
solid: ice. If you let them move around a little bit more freely, they are a liquid: water. If they are even
freer, they are a gas: steam. All the same stuff, just arranged differently.

You also probably have an idea that phase is related to heat and temperature. You should realize this
because you know that ice tends to be cold, and steam tends to be hot. Apparently, the hotter a material is,
the more free it can become.

You already know that inside an object, all the molecules are constantly jittering around; the kinetic energy
of a molecule is what determines the temperature of an object. If those molecules jitter too much,
however, they will stop moving back and forth, and instead break free of their spot in the object. This is
what is happening during melting or boiling. The temperature that a molecule needs to reach to break free is
called the melting point or boiling point of the object.

Breaking free like this always takes an extra kick of energy, above what it takes just to reach the right
temperature to melt or boil. So, for example, when I am melting ice, all my H2O molecules in the ice are
sitting at 0°C waiting for the energy they need; as soon as they get it, they free themselves from the ice and
sit around, still at 0°C, waiting for the other molecules to be liberated so that they can all keep heating
together.

. 1 You may have seen or heard warnings that steam is particularly dangerous for causing burns, more so
than hot water. What makes it have so much more energy?

. 2 When you take a shower, you might notice that the mirror gets covered in condensation. When H2O
molecules in the steam hit the mirror, what is the mirror doing that robs them of their freedom and
turns them back into water?

. 3 Suppose you are outside when the temperature is above freezing, but there is still snow on the ground.

a) What is the temperature of that snow?

b) If you have a snowball in your hand, it feels cold. In what direction is heat energy transferring?

c) Will the snowball warm up? If not, what will it do instead?



. 4 Lead has a specific heat capacity of 130 J/kg K. Suppose that I have 4 kg of lead at room temperature,
296 K.

a) What is the heat capacity of the lead?

b) How much energy would it take to heat it to 600 K, its melting point?

c) It takes 23,000 J of energy to melt one kg of lead. How much energy will it take to melt 4 kg?

d) If you were heating this lead from room temperature using a soldering iron, P = 500 J/s, how long
would it take to get it to its melting point? How much longer would it take to melt it?

. 5 The graph below shows the temperature of 2 kg of ice, which becomes water and then steam. The
whole time, 20,000 J/s of heat energy is being put into it.

a) How long did it take to melt the ice? How much energy was given to it in that time?Remember,
once the ice reaches its melting point (0° C) it stays there until it is all melted.

b) The specific heat of melting is the number of joules of energy needed to melt one kilogram of a
material. What is the specific heat of melting of ice?

e) At 190 s, what phases of water are present? How many kilograms of each?


