	Experiment

          4                     Heats of Reaction   
                                 Standard Heat of Formation of Calcium Oxide                            .


I. Introduction:
During any chemical reaction, a certain amount of chemical energy is changed into thermal energy, or vice versa.  This energy change can be measured as heat released or absorbed during the reaction.  The quantity of heat released or absorbed is called the “heat of reaction”, measured in kilojoules per mole, kJ/mol.

Heats of reaction can be classified according to the types of reactions, such as heat of formation, heat of combustion, heat of solution, heat of sublimation, etc. In this experiment, you will determine the heat of formation of calcium oxide, CaO. This lab will require two calorimetric measurements.  You will also have to look up the heat of formation of liquid water in order to complete the calculation.
Materials:


Calcium oxide 


aluminum laboratory calorimeter, rinsed and dried


Calcium metal



digital thermometer



1.0 M HCl, room temperature

digital balances, 400-gram capacity & 200-gram capacity







centigram balance 

II. Reaction 1:
Measure the heat evolved for the following reaction:



CaO(s)  +  2HCl(aq)  → CaCl2(aq)  +  H2O(l)  + ΔH1
Procedure 1:
1. Measure the mass of the inside aluminum calorimeter can.  The can must be perfectly dry.

2. Pour 100. mL of 1.0 M HCl into the can and reweigh the can and its contents.  Assemble the calorimeter with the stirrer, lid, and thermometer in place.
3. Place 1.00 gram of calcium oxide into the can; include the mass of the CaO.

4. Use the stirrer to gently dissipate the heat.  When thermal equilibrium is reached, record the temperature. 

5. Use the specific heat of aluminum and water to calculate the heat of reaction per mole of CaO.
III. Reaction 2:
Measure the heat evolved for the following reaction:



Ca(s)  +  2 HCl(aq)  →  CaCl2(aq)  +  H2(g)  +  ΔH2
Procedure 2:
1. Pour 100. mL of 1.0 M HCl into the dry aluminum can and reweigh.

2. Add 0.500 gram of calcium metal to the calorimeter and assemble parts.

3. At thermal equilibrium, record the temperature and calculate the heat evolved per mole of Ca.

IV: Data:
Reaction 1:






Reaction 2:
	Mass of aluminum cup
	
	Mass of aluminum cup
	

	Mass of cup + 100. mL HCl
	
	Mass of cup + 100. mL HCl
	

	Mass of CaO
	
	Mass of Ca
	

	Mass of cup, HCl and CaO
	
	Mass of cup, HCl and Ca
	

	Mass of solution
	
	Mass of solution
	

	Moles of CaO
	
	Moles of Ca
	

	Ti
	
	Ti
	

	Tf
	
	Tf
	

	ΔT
	
	ΔT
	

	(Hcalorimeter
	
	(Hcalorimeter
	

	(Hsolution
	
	(Hsolution
	

	ΔH1 kJ/mol
	
	ΔH2 kJ/mol
	


V.  Calculations:
Using the above results and the heat of formation for liquid water, write the net ionic equations and calculate the ΔHfo for calcium oxide using Hess’s Law of the additivity of equations.
(initial equations)
_______________________________________________________________ ΔH1  __________________ 

________________________________________________________________ ΔH2__________________

________________________________________________________________ ΔHfo H2O _____________
(rearranged equations)
_______________________________________________________________ ΔH1  __________________ 

________________________________________________________________ ΔH2__________________

________________________________________________________________ ΔHfo H2O _____________
Overall _________________________________________________________ΔHfoCaO ______________

% error __________________
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