2018 Q1L6:  Specific Heat of a Metal
Pre Lab Background:

The specific heat of a substance (c), like density, is an intensive (intrinsic) physical property of matter defined as the amount of energy required to raise the temperature of 1 g of a substance by 1oC. In this laboratory exercise, a sample of pure metal will give off a certain amount of heat energy. Due to the Law of Conservation of Energy, the energy given off by the metal will be directly absorbed by a known sample of water sitting in a Calorimeter.  For any sample of matter undergoing a physical (or chemical) change there will be heat energy changes.  A Calorimeter is designed to study the heat gained or lost by a system with minimal loss [or gain] of heat in the process.  A Calorimeter is basically one container nestled inside another, insulated by a layer of air between the two (a mini-universe to study heat transfer).
The physical (or chemical system) we are studying is found within the inner metallic vessel, and for our purposes we will be measuring temperature changes within that inner vessel. There are two possible outcomes:
(i) If the system is losing heat to the surroundings then we call that an exothermic change.  We will see a temperature increase in the water.

(ii) If the system is absorbing heat from the surroundings then we call it an endothermic change.  We will see a temperature decrease in the water.

Let’s look at how we can represent all this in words and formulas:   

- (The heat energy lost by the metal)    =   + (the heat energy gained by the water)

                   - q lost  =  + q gained

Equation 1:        -  (Cmetal)(mmetal)(Tmetal)   =    + (Cwater)(mwater)(Twater)

You can re-arrange this formula to solve for any of the six variables, but for this lab we want to find the specific heat of the metal ( Cmetal
Pre-Lab Questions:  

1.  Label each variable with quantity name and proper unit:

	Symbol
	Quantity
	Unit



	q
	
	

	m
	
	

	c
	
	

	(T
	
	


2.  How is (T calculated? (T = __________________________________
3.  In terms of heat energy gained or lost, explain a – q value vs. + q value?

4.  Re-arrange equation 1 above and solve for the specific heat of the metal:
    Cmetal = 

5. Using one of the Calorimeters you will have for this lab, draw and label a sketch of it as if you were looking at it from the side and can see the insides.

6.  Practice with equation 1:
Suppose a 70.0 g piece of copper metal at 86.0 oC is placed in 50.0 g of water at 16.0 oC found in a calorimeter.  After a certain time period the metal and the water come to the same temperature of 24.0 oC. 

(a) Explain, in terms of heat transfer, what happens over time after the hot metal is placed in the water inside the calorimeter?
(b) Calculate the specific heat of the metal and include the proper final units. 

Purpose: 

· Students learn the basic skills of using a simple Calorimeter, and will collect mass and temperature data required to calculate the specific heat of a metal.

· Use their experimental value to calculate the percent error.

Materials & Equipment: 

1.  Ring stand, iron ring and metal gauze

2.  400 mL beaker

3.  100 mL graduated cylinder

4.  Large test tube 

5.  Digital thermometer

6.  Pre-weighed metal sample

7.  Calorimeter

8.  Tirril (Bunsen) burner & striker

9.  Digital balance

Pre-weighed Metal Samples:
1.  Al ( 36.75 g

2.  Al ( 36.53 g

3.  Al ( 37.60 g

4.  Al ( 39.92 g

5.  Al ( 36.98 g

6.  Al ( 37.70 g

7.  Cu ( 65.16 g

8.  Cu ( 67.35 g

9.  Cu ( 69.97 g

10.  Cu ( 68.26 g

11.  Cu ( 70.70 g
Procedure: 

Part I: Setup and heating:
1. Retrieve one of the eleven metal samples available and a Calorimeter from the back cabinet.  

2. Record the mass of your pre-weighed metal shot sample in the data table.

3. Transfer the dry metal sample into the dry test tube found at your lab bench.

4. Fill a 400 mL beaker with ~ 300 mL of tap water

5. Place the 400 mL beaker with water on the metal gauze, light your burner and adjust to non-luminous (cone-within-a-cone) flame.

6. Place the test tube containing only the dry metal sample into the boiling water bath to heat the sample for at least 20 minutes.

** While the metal sample is heating complete the pre-lab section of your lab.

Part II: Transfer to Calorimeter and record temperature data

7. After ~ 20 minutes of boiling water bath heating:  Measure the temperature of the boiling water bath with your digital thermometer.  This is the Ti for the metal.

8. Using the 100 mL graduated cylinder, fill the calorimeter with exactly 100.0 mL of tap water (note:  the D for H2O = 1.00 g/mL) and using a digital thermometer record the initial temperature Ti of the water in the calorimeter.  

9. Shut the burner off.  Then, using an insulated glove, grab the top of the test tube and carefully but quickly transfer the metal out of the test tube into the water in the inner vessel of the calorimeter. 

10. Place the cover back on the Calorimeter, position the stirrer and thermometer and gently stir (with calorimeter stirrer) while using the thermometer to monitor the temperature.  ** Record the highest temperature you observe as the final temperature of the water.   This will be the equilibrium temperature and therefore used as the Tf for both the metal and water.

11. Remove all of the metal from the calorimeter. Spread out on paper towel and dry it completely.  ** Do not allow any metal shot to fall into the sink or onto the floor.   

12. Return the DRY metal shot to the original weighing dish.

13. Return all samples and cleanup per your teacher’s instruction.  Your lab bench should be returned to the lowest entropy state possible!  (
Data Table For Water:

	Mass of water used (100.0 mL)
	Final Temperature
	Initial Temperature
	Twater

	
	
	
	


Data Table For Metal 

	Metal
	Mass of metal
	Final Temperature
	Initial Temperature (BOILING H2O)
	TMETAL

	Cu or Al


	
	
	
	


Calculations/Questions:

1. How did you determine the mass of 100.0 mL of water?  Explain

2. Show the calculation for determining the T for the metal and water.

3. Show the setup and solve for the specific heat of your metal.  Round to correct sig figs and include proper final units. (note: specific heat is never a negative value)

4. Calculate the percent error for each metal.    

Accepted values:  c for copper  = .386 J/g( oC
                                    c for aluminum = .900 J/g( oC
5. Explain why c, specific heat, is an example of an intensive (or intrinsic) property yet q (heat gained or lost) is an extensive (extrinsic) property?  

6. Which metal, copper or aluminum, would heat up and cool the fastest?   Explain

7. Why does it take water longer to heat up and cool down?  Explain

