CHEMISTRY LAB: SPECIFIC HEAT CAPACITY

INTRODUCTION:

Chemists can identify a material based on its chemical and physical properties. One physical property of a substance is the specific heat capacity (Cp), the amount of heat energy required to raise the temperature of 1 g of that substance by 1o C. Some materials like water have high heat capacities and require a significant amount of heat to raise their temperatures. Other substances like lead have very low heat capacities and require significantly less heat to raise their temperatures. For example, 4.18 J of heat will raise 1 gram of water’s temperature by 1oC whereas only 0.14 J of heat is required to raise 1 gram of lead’s temperature by 1oC. The heat energy required to raise a certain amount of materials temperature can be calculated by the equation:




When 2 objects (i.e. hot metal and cold water) come into contact, energy flows from the hot to the cold object. Energy is conserved, so the energy that is lost by the hot object must be gained by the colder object.

Qmetal = energy lost (-)
Qwater = energy gained (+)



Qmetal + Qwater = 0

We can calculate how much energy that is gained by the water by using the heat capacity of water (4.18 Joules / gram* oC), mass and temperature change of the water. If we know the heat lost by the hot metal, the metal’s mass, and its change in temperature, we can calculate its heat capacity.

OBJECTIVE:  Determine the heat capacities of a metal using calorimetry.

MATERIALS: Calorimeter, scale, 600 ml beaker, large test tubes, ring and ring stand, wire gauze, burner, temperature probe

PROCEDURE:

1 Start a boiling water bath in a 600 ml beaker. Mass several pieces of metal and place each in its own test tube. Put the test tubes into the boiling water bath. When the water boils get a boiling temperature with your temperature probe. It should be around 100oC.

2 Assemble the calorimeter. Add between 15 – 20 ml of tap water and mass again. Measure the temperature of the water inside.

3 Carefully but quickly, remove a test tube from the boiling water bath and “pour” the metal into the inside of the calorimeter cup. Gently swirl and monitor the temperature. Measure the highest temperature attained by the metal and water mixture.

4 Empty out the calorimeter, dry it with a paper towel and repeat steps 1 – 5 with the remaining metal samples that you have.

DATA: metal __________

	
	Run 1
	Run 2
	Run 3

	1. mass cup          g


	
	
	

	2. mass metal        g


	
	
	

	3. mass cup and water         g


	
	
	

	4. mass water               g


	
	
	

	5. initial temp of metal t1m    oC

	100 
	100 
	100 

	6. initial temp of water t1w        oC

	
	
	

	7. final temp of water and metal t2

                                                                          oC
	
	
	


CALCULATIONS:

	1. t metal (t2 - t1m ) oC


	-
	-
	-

	2. t water (t2 - t1w ) oC


	
	
	

	3. heat gained by water   J

 
	
	
	

	4. heat lost by metal   J


	
	
	

	5. specific heat of metal (Cp)

                                 J/g*oC
	
	
	

	6. molar heat capacity of metal J/mol*oC
	
	
	

	7. percent error* 


	
	
	


*get actual heat capacities of each metal from the handbook of chemistry and physics or a textbook
CONCLUSIONS:

1 What other physical properties besides heat capacity could help identify an unknown sample?

2 Calculate the heat capacity of a metal if 314 J of energy are needed to raise a 50 g sample from 25 – 50oC. Which metal(s) could this be?

