Specific Heats
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Summary: 
Students will construct their own calorimeter and use it to examine the specific heats of various materials. This physical property will be used to identify the materials.

Subject: 

· Science: 

· TEKS: 8.1 A; 8.4 A; 8.9 D; 8.10 A
· National: A; B; D; E;
Grade Level: 

· Target Grade: 8
· Upper Bound: 9
· Lower Bound: 6
Time Required: 1 hr


Activity Team/Group Size: 2 - 4 

Materials: 

· Styrofoam cup large enough to hold 100 mL of water
· Aluminum foil to cover mouth of cup
· Thermometer (Celsius scale preferred)
· Glass Beaker, 500 mL

· Graduated cylinder, 100 mL minimum

· Scale
· Water

· Paper towels

· Hotplate capable of reaching 70° C (158° F)
· Three mystery samples per group
· Tongs or pliers

· Tongue depressor or stirring rod

Reusable Activity Cost Per Group [in dollars]: 
Free - $4.00 for samples in addition to standard laboratory equipment.

Expendable Activity Cost Per Group [in dollars]:
 < $1 for Styrofoam cups, paper towels, tongue depressors, and aluminum foil.
Learning Objectives: 

· Understand the concept of heat capacity through experimentation.
· Understand and utilize the concept of calorimetry to examine the physical properties of materials.
Lesson Introduction / Motivation: 
A traditional Hawaiian luau usually includes a roasted pig prepared in an Imu pit. The Imu pit is made by digging a large hole that is partially filled with firewood and large round stones. To cook the pig, the firewood is burned beneath the stones. When the fire goes out, a layer of banana leaves is placed over the stones, the pig is placed in the pit, and then the pit is covered with sand or soil. Several hours later, the sand is removed and a fully cooked pig emerges from the pit. Instead of using an open flame or an electric heating element, the heat (energy) stored in the stones is actually used to cook the pig. The physical property that determines how much energy is stored in the stones when they are heated from room temperature to their cooking temperature is known as specific heat. In the following activity, the specific heat of three mystery samples will be determined, and using this information, the materials will be identified.
Lesson Plan: 
1) Caution!! Hot metal looks the same as cold metal and hot glass looks the same as cold glass! Handle the samples with tongs or pliers only!

2) Using a scale or balance, weigh the mystery samples individually and record their masses in a table.
3) Record the mass of the empty Styrofoam cup.
4) Fill the glass beaker with approximately 300 mL of water and gently lower the first mystery sample into the beaker. Place the beaker on the (still turned off) hotplate.
5) Using the graduated cylinder, measure 100 mL of tap water, fill the Styrofoam cup, then measure and record the mass of the full cup. The difference between this mass and the mass of the empty cup is the mass of the water. Allow the water to sit on the table for a few moments, then measure and record the temperature of the water as your value for Twi.

6) Turn on the hotplate. Insert the thermometer into the beaker and observe the temperature while gently stirring. (A stirring rod can be used if available.)

7) When the temperature reaches 70.0° C, turn off the hot plate, remove the thermometer, and use the tongs or pliers to remove the sample and quickly place it in the Styrofoam cup (it may be helpful for one partner to handle the thermometer while another handles the sample). Make sure the sample is completely submerged in the water and that you do not spill any water.
8) Cover the mouth of the cup with the aluminum foil. Let the thermometer cool for a moment, then insert the thermometer into the water in the Styrofoam cup. Once the temperature has stabilized, record this temperature as your value for Tf.
9) Remove the sample from the Styrofoam cup and pour out the water. Place the next sample in the beaker and repeat Steps 5 – 8 for the remaining mystery samples. For the best results, place the sample in the beaker and allow the sample and water to come to equilibrium before turning on the hotplate.

10) When the last experiment has been completed, make sure the hotplate is shut off. Do not handle the hotplate or beaker without your teacher’s approval.
Lesson Closure: 
Students should complete the calculations and questions on the accompanying worksheet. Once data is taken, this could be a take home assignment.

Assessment: 
According to the instructor’s preferences, a laboratory report may be submitted for this activity, or the attached worksheet may be completed. Observing students while they conduct the experiment may also be helpful.
Vocabulary / Definitions: 

· Specific heat: A physical property of a material that determines the amount of heat (energy) required to raise the temperature of a given mass of the material by 1° C.
· Calorimetry: The study of heat transfer in physical and chemical processes.
· calorie: A unit of energy abbreviated “cal”; the amount of heat required to raise 1 gram of water from 14.5° C to 15.5° C at atmospheric pressure; 1 cal = 4.186 Joules.
· Calorie: abbreviated “Cal”; a unit of energy equivalent to 1000 cal (1 kcal) or 4186 Joules; typically used on food labels.
Background and Concepts for Teachers: 

· Specific heat
· Units of energy

· Temperature
· Thermal Equilibrium
Lesson Scaling: 
This activity may be scaled down in time and difficulty by dividing the students into groups (2-4) and assigning them one sample each. Ask the students to record the mass of their sample and prepare their own calorimeter as in Steps 2, 3, and 5, then the instructor may operate a single hot plate to warm the samples. The instructor may then distribute the samples and students can complete the remainder of the lab. As a class, the specific heats may be shared and compared to known values to identify the materials. 

Advanced classes may extend this activity by using everyday objects as their samples. Paper clips, thumb tacks, or jewelry can be used in the experiment to determine the composition of the material. White gold is a particularly good example since it can easily be confused with silver. 

Lesson Extensions:
This same experimental setup can be used to determine the latent heat of fusion of ice or the latent heat of vaporization of water with only minor adjustments. By adding a large mass of ice at 0° C (which can be prepared by creating a 50% ice 50% water solution) to the calorimetry cup and observing the change in the ice’s mass once the solution has reached equilibrium, the latent heat of fusion can be determined. A similar method can be used to determine the heat of vaporization of water.
Safety Issues: 
Since a hot plate is used, careful supervision is required. For students unfamiliar with lab procedures, it is worth taking a moment to establish the fact that hot and cold materials often have the same appearance, and to reinforce lab safety policies.
Troubleshooting Tips:
There is a balance between using small metal samples to speed up the heating process, and using samples large enough to create an appreciable temperature difference during calorimetry. For copper, iron, and brass, only 50 to 60 grams of material at 70° C are needed to raise 100 mL of water by 2° C to 3° C.

Heating the samples by boiling the water in the beaker is not advised both for safety reasons and due to the fact that the sample in contact with the glass bottom will easily exceed the water temperature. Keeping the water temperature below boiling limits this effect. To ensure the sample is in thermal equilibrium with the water, a stand or hanging holder may be used to elevate the sample from the bottom of the beaker.

If too much heat is being lost, try using a plastic, wood, or Styrofoam lid instead of the aluminum foil.

The metal samples may be acquired in a variety of ways. Mechanics, scrap dealers, and machine shops often have small, scrap pieces of metal that will be cheap or free (consult the Agriculture department of your high school if available). Nails, bolts, nuts, pipe, tubing, and other hardware are also readily available and inexpensive options that may be found at your local hardware store. Granite, marble, or other typical stones are also a good option. 
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Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 
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