Energy of Phase Changes
Melting point is the temperature at which all energy absorbed will cause a change of state from solid to liquid or liquid to solid.  

Freezing point and melting point are the same temperature for pure substances 

Non-pure substances may appear to have several melting points because each substance in the mixture is melting at a different temperature. 

Boiling Point is the temperature at which all energy absorbed will cause a change of state from a liquid to a gas or a gas to a liquid. 

The graph below shows how the temperature changes in a substance that begins as a solid and is heated to become a gas.  
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1. At time=0 seconds, the substance is a solid.  Heat is added and the temperature changes.  
2. The melting point is reached, no temperature change until all solid is melted
3. When all of the substance has completely melted, temperature begins to rise again.

4. The boiling point is reached, no temperature change until all liquid evaporates
5. When all of the substance has evaporated the substance begins to increase in temperature

· When substances are changing temperature, the heat exchanged is equal to: 

(H = s  m  (T

C is dependent on the state of matter (C of ice is different than for water) 

· When the substance is melting/freezing the heat exchanged is equal to: 

(H = Hfus  m
Hf = Hfusion, heat of fusion, units = J/mol or J/gram or J/ kg
m = mass or number of moles

· When the substance is boiling, the heat exchanged is equal to 

(H =  Hvap m
Hvap = Hvaporization, heat of vaporization, units = J/mol or J/gram

m = mass or number of moles

Heat Calculations for Phase Changes
To find the total heat required to cause a solid to become a gas you need to add the heat exchanged in each step. 
If, for example an ice cube (10.0 g) at -20( C is heated until it becomes a gas at 120( C, the following calculations are required: 


Data:

· Specific Heat Capacities

· Ice: 2. 060 J/g(K  
· Water: 4.180 J/g(K  
· Steam: 2.020 J/g(K  

· Heat of fusion: 334.  J/g

· Heat of vaporization:  2260 J/g
1. Change temperature to melting point

(H = m C (T =(2.060 J/g(K) (10.0 g) (0 - -20) = 412 J
2. Change of state: Solid ( liquid
(H = (Hfus mass = (334.J/g) (10.0 g) =3340 J
3. Change of temperature to boiling point

(H = s m (T =  (4.180 J/g(K) (10.0 g) (100 - 0) = 4180 J
4. Change of state: liquid ( gas

(H = (Hvap mass = (2260 J/g) (10.0 g) = 22600 J
5. Change of temperature to boiling point

(H = s m (T = (2.020 J/g(K) (10.0 g) (120 - 100) = 404 J
Total Energy Required to change the ice cube from  -20( C to 120( C =
412 J + 3340 J + 4180 J + 22600 J + 404 J = 30936 J = 31000 J or 31 KJ
time
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