Specific Heats of Metals

Mrs. Blanski

California Content Standards: (7.d) students know how to solve problems involving heat flow and temperature changes, using known values of specific heat and latent heat of phase change.

Objectives:

In this experiment, student will

· Use calorimeter to determine the specific heat of a piece of metal, and 

· Identify the metal by its specific heat

Equipment:

· apron

· 250-mL beaker

· metric balance

· goggles

· Paper towels

· 2 7-oz Styrofoam cups for use as calorimeter

· corrugated cardboard for calorimeter cover

· test tube, thick walled

· test-tube rack

· thermometer

· sample of unknown metal, X, Y, or Z

· water

Procedure:

1. Wear an apron and goggles during this experiment.

2. Punch a hole for the thermometer in one of the lids.

3. Place one cup inside the other cup. (Two nested cups are used to provide greater insulation).

4. Measure the mass of the calorimeter (nested cups).  Record this in the data and Observations section.

5. Add 100 mL of water to the inner cup.

6. Measure the mass of the calorimeter and water.  Record this value in the data and Observations section.

7. Measurer the mass of the sample of the unknown metal.  Record this value in Table-1.

8. Place the piece of metal in the test tube.  Use the test-tube holder to place the test tube containing the metal into the boiling water bath prepared by your teacher.  Note the time.

9. After ten minutes, measure the temperature of the water in the calorimeter with the thermometer.  Remove the thermometer.  Place the calorimeter on a paper towel on a flat surface and remove its lid.

10. Measure the temperature of the boiling water bath using the thermometer provided by your teacher.  Record this value as the temperature of the metal in the Data and Observations section.  

11. Using the test-tube holder, carefully remove the test tube containing the sample from the boiling water bath.  Caution: The test tube and its contents are extremely hot.  Avoid touching the test tube or the piece of metal.

12. Quickly slide the piece of hot metal into the calorimeter.  Place the test tube in the test-tube rack.

13. Immediately cover the calorimeter with its lid and insert the thermometer into the calorimeter.

14. Gently swirl the water.  Measure the temperature of the water in the calorimeter for several minutes.  Record the value of the highest temperature reading in the Data and Observations section.

Analysis

1. Calculate the mass of the water that you added to the calorimeter by subtracting the mass of the empty calorimeter from the mass of the calorimeter and water.  Record this value in Table 1.

2. Calculate the temperature change in the water.  Record this value in Table1.

3. The heat gained by the water can be determined by the following equation.

Q = Cp ( m ( (T

In this equation Cp represents the specific heat of water, m represents the mass of the water, and (T is the temperature change of the water.  Calculate the value of Q and record it in Table 1.

4. Assume that all the heat from the metal was transformed to the water in the calorimeter.  Thus, the heat lost by the metal is equal to the heat gained by the water.  Enter the value of the heat lost by the metal in Table 1.  Remember to record a heat loss as a negative value.

5. Calculate the change in temperature of the metal.

6. The specific heat of a substance can be calculated by the following equation.
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In this equation, Q represents the amount of heat gained or lost, m represents the mass of the substance, and (T represents the change in temperature of the substance.  Calculate the specific heat of the metal.  Record this value in Table1.

7. Use the values of the specific heats in table 1 to identify the sample.  Record 

the name of the metal in the Data and Observations section.

Post-Experiment Questions:

1. How well were you able to identify the metal using its specific heat?

2. In step 11 of the procedure, you recorded the temperature of the water bath as the temperature of the metal in it.  Explain why you could do this.

3. Could you improve your calorimeter by using two metal cans and aluminum foil in place of the two Styrofoam cups and lid? Explain.
Data and Observations

 Mass of calorimeter:                                  g

Mass of calorimeter and water:                                 g

Temperature of cool water  (Ti):                                        (C   

Temperature of metal (Ti):                                           (C

Temperature of water-metal mixture (Tf):                                     (C  
Table 1.

	Measurement/Calculation
	Material



	
	Water
	Metal

	Mass (g), m


	
	

	Temperature change ((C), (t

	
	

	Specific heat (J/g. (C), cp

	
	

	Heat gained or heat lost (J), Q


	
	


Name of metal:

Table 2.  The heat capacity of Some Metals 

	Metal
	Specific Heat (J/g. (C)

	Copper
	0.380

	Iron
	0.450

	Aluminum
	0.920

	Nickel
	0.444

	Zinc
	0.386

	Antimony
	0.207

	Tin
	0.0510

	Lead
	0.128
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