Energy and Changes in State

When a material changes temperature, we can use the heat capacity, temperature change and mass to calculate the energy lost or gained. Since there are no temperature changes in changes of state, we have to find another way of quantifying energy changes.

Consider an ice cube dropped into warm water. The energy from the warm water goes into melting the ice. Let’s look at the temperature vs. time diagrams for heating and cooling materials. 
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The ice starts out at 0 C as a solid and melts into liquid water at 0 C. The warm water starts out at 50 C and cools. In today’s experiment, we’ll add enough ice to warm water (about 50 C) so that the final temperature is as close to zero as possible.

If the system is done in an insulated container, the energy lost by the warm water should be equal to the energy gained by the melting ice: Q warm water = Q melting ice
If we know the energy required to melt the ice, we can determine the energy required to melt 1 g of ice. This is referred to as the heat of fusion (Hf). 
Objective: Determine the amount of energy required to melt a certain quantity of ice and calculate the heat of fusion of water.

Materials: Cup, thermometer, ice and warm water, scale

Procedure:

1. Mass empty cup. Fill to half with warm water. Mass the cup and warm water.

2. Immediately before you add the ice, measure the initial temperature of the warm water. Add the ice and stir continuously with the thermometer. If the ice melts, add more.

3. When the temperature levels off (hopefully close to zero), fish out the remaining ice with your metal scoop. Record the final temperature and mass the cup and cold water. 
4 Clean up and put everything away.

Data:

1 Mass cup

2 Mass cup and warm water

3 Initial temperature of warm water

4 Final temperature of cold water

5 Mass cup and cold water

Calculations:

1 Mass warm water

2 Mass Ice

3 Energy lost by warm water (why should this be negative?)

4 Energy gained by melting ice 

5 Heat of Fusion = Energy gained by melting ice / mass ice =                   (units?)
Conclusion:

1. Compare your heat of fusion to the class’s heats of fusion. What is the class average?

2. The actual heat of fusion of water is 334 J/g. Calculate the percent error:

|actual – experimental| x 100
             actual

3. The heat of vaporization is the energy required to completely vaporize (boil or evaporate) 1 g of a substance. The heat of vaporization of water is 2,260 J/g. 

A) Why is the heat of vaporization so much greater than the heat of fusion?

B) Is this consistent with our energy bar charts for interaction energy stored in a solid, liquid and gas?

4. Draw an energy bar chart for the water and the ice
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