Heat of Fusion and Heat of Vaporization

Key concepts: heat of fusion, heat of vaporization, phase change, melting point, and boiling point.

Materials: beaker, ice, water, thermometer, hot plate, timer.

Safety: wear goggles and handle hot items with care.

Background: In 490 BC the Greeks battled the Persians at Marathon, Greece. According to legend, a Greek soldier named Phidippides ran 22.5 miles (36.2 km) from Marathon to Athens to announce a Greek victory, but died shortly after his announcement. When the modern Olympic Games began in 1896, the marathon (now 26 miles) is still the king of running events, and severely tests the physical endurance of runners. Although it is not known how Phidippides died, it is possible that he could have died of heatstroke, a condition that occurs when body temperatures soar above 1050F (40.50C). It is unlikely that Phidippides had much water to drink along his run, probably became quite dehydrated, and no longer was able to sweat. Sweating is essential for temperature regulation, and without it body temperatures can rise dangerously. What is it about the evaporation of water that helps cool the body so effectively? Perform the following experiment and find out.

In this experiment time serves as a reasonable substitute for the heat energy input if the flame or heat source is constant. The amount of energy required to melt a given quantity of water at its melting point is known as the heat of fusion (80cal/g), and the amount required to boil at its boiling point is known as the heat of vaporization (540cal/g). (Norman Herr and James Cunningham, Hands on Chemistry Activities with Real Life Applications, 1999)

Procedure:

1. Fill a 250 ml beaker with ice to the 200 ml mark.

2. Add enough water to just cover the ice to fill the spaces and place the beaker on the hot plate.

3. Place a thermometer in the beaker so that the thermometer does not touch the bottom or sides of the beaker and measure the lowest temperature.

4. Heat the beaker recording the temperature at equal intervals every 30 seconds.

5. Record the time at which the ice is completely melted.

6. Continue to record the temperature for at least 3 minutes of boiling.

7. Remove the heat before all of the water has boiled off.

8. Construct a graph with temperature on the vertical axis, and the time heated on the horizontal axis.

Questions:

1. Does the temperature rise when the ice is melting? Explain.

2. Does the temperature rise after the ice has melted? Explain.

3. Does the temperature rise when the water is boiling? Explain.

4. Chemists use the melting point and boiling point to identify substances because they are fixed points and are relatively easy to measure. Explain why they are relatively easy to measure.

5. Was much energy required to vaporize water? If so, how can this explain why sweating is an important means of temperature regulation, and how the first marathon runner may have died because of heatstroke after suffering dehydration?

Adapted from Norman Herr and James Cunningham, Hands on Chemistry Activities with Real Life Applications, 1999, pp152-153. 11/13/06.


