A Model for Heat Capacity of Metals

A Carolina Essentials™ Activity
Student Worksheet

Overview

Have you noticed people rubbing their hands together when it’s cold? Why would that warm
their hands? Let’s see if you can generate some heat.

Phenomenon

Quickly rub your hands together for 20 to 30 seconds. Discuss what happened and why you
think it happened with your lab partners. Write your explanations down.

You’re going to investigate the relationship between particle motion and thermal energy. By
gathering data on 3 different metals, you’ll determine if every substance transfers the same
amount of heat under similar conditions.

The concept of heat capacity helps model how a substance transfers thermal or heat energy.

Heat capacity is defined as the amount of heat needed to raise 1 gram of the substance

1 degree Celsius at standard conditions. The data you gather will help you determine the
variables in the thermal energy model and result in a mathematical model for calculating heat
content, or Q (Q = mCAT).

Essential Question
How can the thermal energy be accounted for by particle motion?

Activity Objectives
1. Relate changes in particle motion (kinetic energy) to changes in temperature.

2. Construct a model of how mass, substance, and particle motion influence thermal energy
transfer.

Safety Precautions and Disposal
Ensure that caps are on the vials tightly. Never use a thermometer to stir.

Activity Procedures

1. Mass the empty vial with the cap and record the mass.

2. Fill the vial 2/3 full of the first metal your teacher assigned to you.
3. Cap the vial and mass the vial, cap, and metal.

4. Take the temperature of the metal shot in the vial.

5. Make sure the cap is on securely and vigorously shake the vial for
5 minutes.

6. Immediately take the temperature of the metal shot again.
7. Return the shot to the container designated by your teacher.
8. Repeat the procedure for the other 2 metals.

9. Add the group data to the class data table.

Continued on the next page
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SAFETY REQUIREMENTS

MATERIALS
1 dram vial with cap

Immersion or digital
thermometer

Electronic balance

Aluminum shot, copper shot,
and lead shot
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A Model for Heat Capacity of Metals

Data and Observations

A Carolina Essentials™ Activity

Group Data
Trial # Metal Metal Mass (g) AT (°C)
1
2
3
Class Data
Group # Metal Metal Mass (g) AT (°C) Heat Capacity
Aluminum .900 J/g-K
Copper .386 J/g-K
Lead 128 J/g-K

Continued on the next page
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Analysis and Discussion

1. How is shaking the vial like rubbing your hands together?
2. On the particle level, what made the temperature of the metal shot change?

3. Everyone shook the metal for the same amount of time. What factors or variables may be affecting the temperature
change of the metal? Justify your answer with the class data.

4. Using class data, calculate the average mass of the 3 metals. Compare the average masses.
5. Using class data, calculate the average temperature change for the 3 metals.

6. Are the average temperature changes the same for the 3 metals? Use data to support your answer. How can this be
explained?

7. Based on your data and calculations, construct a model that explains the phenomenon of heat capacity. What
variables affect the amounts of energy needed to change a substance’s temperature 1 degree Celsius?

8. How do the variables in your model compare to the formula for heat calculations?
Q(J) = m(g) x C(J/g-K) x AT(K)

9. Use the average temperature change and average mass to calculate heat for each metal. Explain any differences in
thermal energy among the metals.
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