Name______________________

Determining the Specific Heat of a Metal

Purpose:  The purpose of this lab is to determine the specific heat of a metal by adding a hot metal to water in a calorimeter and measuring the temperature change of the metal and the water.  The specific heat can be calculated from the Law of Conservation of Energy which yields the equation:  Heat Lost by the Metal = Heat Gained by the Water or  mmCpm∆tm = mwCpw∆tw

Materials:
Bunsen Burner



Styrofoam cup

100 ml graduated cylinder


250 or 500 ml beaker

Test tube




electronic balance

2-Thermometers



Utility clamp

Sample of metal (Al, Cu,)


Ring stand/ring

Wire gauze/mesh
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Notice the metal in the drawing above, it is completely under water.

Procedure:
1.  Prepare a hot water bath by filling the beaker two-thirds full of water.  Place the beaker on the ring stand and heat it with the Bunsen burner using a hot flame (inner blue cone). 

2.  Using an electronic balance measure and record the mass of approximately 50 grams of metal if using copper.  Use approximately 20 grams if using aluminum.  

3.  Place the metal in a test tube and then insert the thermometer into the metal so that the bulb of the

Thermometer is approximately in the center of mass of the metal. Place the test tube in the hot water bath.  Bring the water bath to a slow boil and then turn off the Bunsen burner. 

4. While waiting for the water to boil in your water bath. Do steps 5 and 6. 

5.  Using the graduated cylinder, measure 100.0 ml (100.0g) of cold tap water and pour into the Styrofoam cup. 

6. Using the thermometer measure and record the initial temperature of the water.

7.  The test tube of metal in the hot water bath must reach a stable temperature before proceeding to step 7.  Stable is when the temperature reaches equilibrium. Record this temperature as the metal’s initial temperature. 

8.  Holding the test tube with the utility clamp carefully and quickly dump all of the hot metal into the water in the Styrofoam cup.

9. Keep the thermometer in the calorimeter (Styrofoam cup) and record the temperature of the water and the metal every 30 seconds until the temperature remains constant for four consecutive readings. Record this temperature as the final temperature for both the water and metal.  Gently stir the water in the Styrofoam cup with the thermometer. 

10.  Dry off the metal before returning it to the container. 

11. This is a quantitative lab.  You must follow all significant figure rules.  When taking measurements estimate one place value.  Read the graduated cylinder and thermometer at eye level.  Careful reading of the instruments is crucial so you obtain accurate results.  

12. Complete Trial 1, calculate the data, and share your results with me before starting trial 2.  If you have a high % error there is either something wrong with your lab techniques or you did your calculations wrong.  Before you proceed to trial 2 you must determine your error. 

Calorimeter Data Table:



    Trial 1


Trial 2

Trial 3

	Time 

(minutes)
	Temperature (C
	Temperature

(C 
	Temperature (C

	  0
	
	
	

	0.5
	
	
	

	1.0
	
	
	

	1.5
	
	
	

	2.0
	
	
	

	2.5
	
	
	

	3.0
	
	
	

	3.5
	
	
	

	4.0
	
	
	







Trial 1


Trial 2


Trial 3

1.  Metal used



__________

___________

__________

2.  Mass of metal 


__________

___________

__________

3.  Mass of water


__________

___________

__________

4.  Initial water temperature

__________

___________

__________

5.  Initial metal temperature

__________

___________

__________

6.  Final water temperature

__________

___________

__________

7.  Final metal temperature

__________

___________

__________
Calculations:
1.  Knowing that the specific heat of water = 4.184 J/g.oC, calculate the heat gained by the water 

     using the equation q = m x Cp x ∆t.   Do this for all three trials.  Show your work neatly.

Trial 1




Trial 2



Trial 3



2.  Based on the Law of Conservation of Energy, calculate the specific heat of the metal(s) using the

     equation – Heat Lost by the Metal = Heat Gained by the Water.  qmetal=qwater   Show work below.

Trial 1




Trial 2



Trial 3
3.  Using the accepted specific heat value for the metal(s) to calculate

 % error.  Show your work.  Accepted Values:  Cu= .385 J/g.oC, Al= .897 J/g.oC, Pb= .127 J/g.oC

Trial 1



Trial 2



Trial 3

Post Lab Questions: Use complete sentences, show work for all calculations.

1.  If a metal with a higher specific heat were used, would this raise or lower the final water 

     temperature?  Explain

2.  If 50.0g of water were used instead of 100.0g, would this raise or lower the final metal temperature?  Explain

3.  What mass of water at 10.0 oC would be required to cool 50.0g of a metal having a specific heat of 

     0.60 J/g.oC from 90.0 oC to 20.0 oC?

4.  What would be the final equilibrium temperature if 80.0g of aluminum at 5.0 oC having a specific

     heat of 0.90 J/g.oC is placed in 100.0g of water having a temperature of 60.0 oC?

5. When determining the specific heat from a given metal in a calorimeter the mass of the water remains constant, but the mass of the metal is increased what would happen to the equilibrium temperature?  Explain your choice.


a. increase

b. decrease

c. no change

6. In a calorimeter, the equilibrium temperature of copper in water is determined. If the water is replaced with a liquid that has a lower specific heat, what will happen to the equilibrium temperature? Explain your choice
a. not change

b. increase

c. decrease

7. Make a graph for each trial using the Specific Heat Graph found on the Chapter 2 webpage.  Click on the first tab located at the bottom left hand corner labeled solid to liquid graph.  If you are on the correct graph the title of the graph will read, Solid to Liquid Heat Transfer.  Plug in the mass and initial temperature of your metal and water. When plugging in the specific heat of the metal use the accepted value not your measured value. Compare your equilibrium temperature to the one on the graph.  Copy and paste the graphs into Microsoft word. Be sure to include the equilibrium temperature that is recorded to the right of the graph on the Excel spread sheet! Label each graph and write a summary under each one.  Include in the summary a comparison between the equilibrium temperature you obtained and the one on the graph.  Did you lose or gain heat in this trial, account for any differences (error analysis).  Include the measured value and percent error for the specific heat of the metal. After writing a summary under each graph.  Write a conclusion for the lab where you discuss all three trials.   Analyze your data for accuracy and precision. How does the measured value compare to the accepted value, give an error analysis, and indicate how you could improve the percent error.   

To access the Solid to Liquid Heat Transfer graph go to

Morrishs.org

Academics

Zarley

CH 2 webpage

Find specific heat graph, Open the Excel graph, see tabs lower left, choose tab labeled solid to liquid graph, If you are on the right graph it should be titled Solid to Liquid Heat Transfer 

Honor Chemistry:  Answer the following questions in your word document following your conclusion.   
Post-lab Questions:

1. Why is it that liquid water has a higher specific heat than solid water? The specific heat of ice is only half the specific heat of water.

2. What are the consequences of this for climate? In particular, does this explain why coastal climates are different from climates in continental interiors? 

3. Why do metals differ in specific heat? Why is Al much higher than gold?

4. Why does water have such a high specific heat?

5. How did your Styrofoam calorimeter compare to the aluminum pop can calorimeter? Explain the differences in percent error? Why did the Cheetos lab have a high percent error and the specific heat of a metal lab have a low percent error? 

6. Why does moisture condense on the outside of a glass of cold water?

7. Is it possible for a cup of water to completely evaporate in a room with a constant temperature?

8. Why does alcohol at room temperature feel cooler to the touch than does water at the same temperature? (see the specific heat for alcohol on your pre-lab.)

9. If you put a very shallow dish of water in a pan of alcohol and blow air over it by means of an electric fan, the water will freeze...Why?

Answers to Questions

1.  The final temperature would increase.

2.  It would raise the final metal (equilibrium) temperature.

3.    (m)(4.18)(10) = (50)(0.6)(70)

        m = 50.2 g of water

4.    (80)(0.90)(tf-5) = (100)(4.18)(60-tf)

       72tf – 360 = 25080 – 418tf

      490tf = 25440


tf  = 51.9 oC

