Endothermic and Exothermic Processes

Purpose

Students will measure temperature changes that occur as chemical compounds dissolve in water. They will collect temperature data for three minutes using the CBL 2 unit and a Temperature Probe. Students will use graphing calculators to observe exothermic and endothermic processes in progress and analyze data.

Time Requirements

one 45-minute class period

Advance Preparation 

•
Install the EasyData application on the calculators.

•
Prepare sets of materials or lab stations in advance to help insure that students easily complete the lab.

•
Allow about 2 L of distilled water to sit overnight at room temperature.

Safety Information

Review all safety precautions. Remind students to observe all laboratory rules.

Teaching Tips

•
Potassium chloride absorbs heat from its surroundings when it dissolves in water. Therefore, dissolution of potassium chloride is an endothermic process. The dissolution of calcium chloride is an exothermic process.

•
Review with students the difference between chemical processes and physical processes. In this lab, they will be investigating the dissolving of a solid in water. This is a physical process. 

•
To help them understand why dissolution is a physical process, remind them that when they dissolve salt in water, they can still taste the salt. If the water were to evaporate, the salt would remain. It is not changed chemically.

•
Lumps or chunks work better than fine-granulated material because they take longer to dissolve. Granulated material works, but it dissolves in approximately 15–25 seconds when the water in the beaker is stirred.

•
Ammonium nitrate (NH4NO3) may be used instead of potassium chloride to demonstrate an endothermic process. It will release a larger amount of energy per gram than KCl will. If ammonium nitrate is used instead of potassium chloride, a mild ammonia odor may occur when it is mixed with water. Caution students not to intentionally inhale the fumes near the beaker. Small first aid cold packs often use ammonium nitrate and water.

•
Sodium chloride also can be substituted for potassium chloride, however it produces a smaller temperature change.

•
The solution may become saturated and additional material will not dissolve. If students see undissolved solids in the bottom of the beaker, the solution is probably saturated.

Extensions

•
Have students hypothesize what will happen if they try increasing the amount of solid or decreasing the amount of water. Allow students to perform the experiment to test their hypotheses.

•
Have students research to find out how calcium chloride is used when outdoor temperatures drop below freezing.

•
Have students make a list of everyday activities that use endothermic and exothermic processes. The class can compile all of their items and make a master list.

•
Have students research to find out about cold packs. Students can find the different types of chemicals used, methods of packaging, and shelf life of these products.

•
Exothermic processes are common and the class can generate a long list of activities that use them. Students can pick a process to research and present their report to the class. Some students may be interested in researching how pyrotechnics are used for stunts in the movies.

Pre-Lab Answers

1.
A physical change is one in which the form or appearance of a substance changes but its composition stays the same.

2.
Possible examples of physical change are changing shape, changing state, and dissolving.

3.
An exothermic process is one that releases heat.

4.
An endothermic process is one that absorbs heat.

Sample graphs of both endothermic and exothermic processes are shown below.

Dissolving of KCL in water

Dissolving of CaCl2 in water

