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INTRODUCTION

The specific heat capacity is one of the physical properties that allows us to identify a substance. The heat  capacity of a substance is the amount of heat, in joules, that must be transferred to a gram of the substance to increase its  temperature by one Celsius degree. Different substances have different specific heat capacities. Thus by determining the heat capacity of a metal it is possible to identify the metal.  In this lab, you will determine the heat capacity of unknown metals. By comparing your values to the accepted specific heats values, you will identify the metal. 

We will apply the law of conservation of energy to determine the heat capacity of the unknown. A piece of metal will be heated to a known temperature and will then be submerged into a Styrofoam calorimeter containing cold water. The hot metal will release energy and the cold water will absorb energy. The energy lost by the hot metal  will be identical to the energy gained by the cold water. This fact will allow us to mathematically model the process as one equation with one unknown. The heat released by the unknown metal (Qm) must be equal to the heat gained by the water (Qw). 

Qm = Qw
mm cm (Tm – Te) = mw cw (Te – Tw)   

Where:
mm = mass of the metal (g)


mw = mass of the cold water (g)


Cm = specific heat capacity of the metal (J/g (C)
cw = specific heat capacity of water (J/g (C)


Tm = temperature of the hot metal ((C)

Tw = temperature of the cold water ((C)





Te = equilibrium temperature ((C)

The only unknown in this equation is the specific heat capacity of the metal

MATERIAL
 1. unknown metals


2. thermometer  

3. balance

 4. hot plate 



5. string


6. Styrofoam calorimeter

PRELAB QUESTION
A 51-g piece of an unknown metal at 160 (C is introduced into a Styrofoam calorimeter that contains 220 grams of water at 18(C. The equilibrium temperature is 21.4(C. Identify the metal. (Use the table provided at the end of lab).










Ans: ____________________

PROCEDURE

1. Mass the Styrofoam calorimeter. Record.

2. Fill up the calorimeter with enough tap water to completely cover the metal piece.

     (About 220mL for the large metal piece). 
3. Mass the Styrofoam calorimeter with the cold water. Record.

4. Measure the temperature of the cold water. Record.

5. Mass the piece of metal. Record

6. Tie the mass with a thin piece of string. Make sure it is secure.
7. Carefully immerse the piece of metal into the boiling water.

8. Using your own thermometer, measure the temperature of the hot water. Record. (cool your thermometer)

9. Let the piece of metal reach thermal equilibrium with the boiling water for a few minutes.

10. Fast but carefully pull the piece of metal from the hot water and drop it in the calorimeter. 

11. Close the calorimeter immediately. Insert the thermometer and gently stir the contents.

12. Observe the change in temperature.

13. Record the highest temperature reached by the water and the piece of metal (Equilibrium temperature).

11. Complete the computations and answer the questions.  Disregard the heat gained by the calorimeter.
12. Repeat the procedure for your unknown. Enter number on the unknown in your table

WARNING!!

Do not pull the metal out of the hot water too fast. The string might tear, the piece of metal fall and the beaker crack and then you will be in hot water.
OBSERVATIONS

	Item
	
	Mass 1

Long cylinder
	
	Uknown No.  

	Mass of calorimeter (g)


	
	
	
	

	Mass of calorimeter plus cold water (g)


	
	
	
	

	* Mass of cold water (g)


	
	
	
	

	Temp cold water (ºC)


	
	
	
	

	Mass of the metal (g)


	
	
	
	

	Temp boiling water (ºC)


	
	
	
	

	Equilibrium temp (ºC)


	
	
	
	

	*Change in temperature for the water (ºC)


	
	
	
	

	*Change in temperature for the metal (ºC)


	
	
	
	


COMPUTATIONS

Use the following specific heat capacity accepted values for your analysis

	Metal


	Lead
	Zinc
	Copper
	Iron
	Aluminum

	Spec Heat (J/g (C)


	0.128
	0.390
	0.387
	0.448
	0.900


The equation for the conservation of energy:    mm cm (Tm – Te) = mw cw (Te – Tw)
can also be written as:   mm cm (Tm = mw cw (Tw)  


                                                                                                                       mw      (Tw
From this equation we obtain the following formula:        cm  = cw   

                                                                                                                       mm     (Tm
1. Specific heat of the Mass 1 (Long cylinder)  (c1)




                   Ans:  c1 _______________   probable metal  ________________

2. Specific heat capacity of the unknown (c2)





    Ans:  c2 _______________   probable metal  ________________

QUESTIONS

1. Assuming that the long cylinder metal piece is made of aluminum, what is the percent error of the specific heat 

    capacity you found?










Ans: ____________________





2. How much heat was absorbed by the water while the long cylinder metal was cooled in the calorimeter?










Ans: ____________________

3. Why is it recommended that a very thin thread be used to hold the pieces of metal?

4. The lab instructions indicate that you should measure the temperature of the boiling water with your own 

    thermometer. Why is this advised?

X. The Dulong–Petit Law states that the specific heat capacity of any metal can be approximated by the expression 

    3R/M , where R is the universal gas constant (8.315 J/mol K) and M is the molar mass of the metal. Using this 

    relationship determine the specific heat capacity of the metals listed in the following table. Compare your results

    to the accepted values given in the table and make your comments about the accuracy of the Dulong-Petit law.

	Metal
	Lead
	Zinc
	Copper
	Iron
	Aluminum

	Spec Heat (J/g (C)


	0.128
	0.390
	0.387
	0.448
	0.900

	Dulong-Petit


	
	
	
	
	

	Percent Error


	
	
	
	
	


