Heat of Combustion of Mg - Heat of Formation of Magnesium Oxide

Hess's Law of Heat Summation
NAME:___________________________________ COURSE:_________ PERIOD:______

Prelab
1. Write balanced equations for the following reactions with physical states:


a. Reaction of magnesium with hydrochloric acid


b. Reaction of magnesium oxide with hydrochloric acid


c. Combustion of magnesium


d. Combustion of hydrogen 

2. Write balanced net ionic reaction equations, with physical states, for a and b in Question 1.

3. Show how net ionic reaction equations for a and b and the equation for the combustion of 

    hydrogen can be combined to give the equation for the combustion of magnesium.

4. Suppose you used half the amounts of the reactants indicated in the lab. 

     How would this affect: a) the number of kJ released or absorbed




      b) the number of kJ/ mol released or absorbed

5. Show with calculations that an excess of hydrochloric acid is used in Parts I and II.
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Hess's Law of Heat Summation
Theory:


It is difficult to directly measure the heat absorbed or evolved in some reactions because of the difficulty in performing the reaction and obtaining accurate data or the reaction occurs too slowly to produce a noticeable temperature change. The combustion on magnesium occurs so rapidly that it is difficult to measure the energy change directly. The heats of several reactions will be measured and Hess’s Law of Heat Summation will be used to algebraically combine them to give the heat of combustion of magnesium. The value obtained from the summation process will be compared to the theoretical value for the heat of combustion. We will assume that all the heat released or absorbed by the reaction is released or absorbed by the hydrochloric acid solution and that the specific heat of the hydrochloric acid solution is approximately the same as water, 4.184J/goC.

Procedure:

A foam cup and cover will be used as the calorimeter since it does not absorb very much heat itself and acts a good insulator to prevent transfer of heat between the contents of the calorimeter and the surroundings.

Preparing the Calculator and CBL and Collecting Data
1. Attach the CBL temperature probe to the CBL in Channel 1.

2. Attach the CBL to the calculator using the unit to unit link cable. Attach the voltage adapter to the CBL.

3. Turn on the calculator and CBL.

4. Press [PRGM] on the calculator.

5. Use the down arrow to select the program HEAT. Press [ENTER].
6. The “PRGM HEAT” will appear. Press [ENTER]. 


(On the TI-83+, “Heat V1.2” appears. Press [ENTER]. “Turn on the CBL” appears. 


Press [ENTER]. “ Now checking the Calculator-CBL Link. Please wait.” appears.

 
If the CBL is on, “Status OK” appears. Press [ENTER].)
7. For the seconds between points, type in 5. Press [ENTER].
8. “Press enter to start collecting data” appears. Do Not press [ENTER] at this time.

PART 1. Reaction of Magnesium with Hydrochloric Acid
1. Mass a strip of magnesium ribbon approximately 5 cm long (about 0.048g) to the nearest

0.0001g. Handle the Mg with tweezers or Kimwipes to avoid picking up moisture or oils from your fingers.

2. Coil or fold the ribbon and wrap it with a short length of copper wire so that it will sink in the hydrochloric acid. The copper does not react with the HCl and absorbs a negligible amount of heat.

3. Mass a clean, dry foam calorimeter to the nearest 0.01g.

4. Add 50 ml of 1.00M HCl to the calorimeter and remass to the nearest 0.01g.

5. Place the temperature probe through the lid of the calorimeter and into the solution.

6. Press [ENTER] on the calculator. Wait for about 3-4 points to appear on the calculator screen. These temperatures should be relatively constant.

7. Add the magnesium to the HCl. Stir the solution constantly so that the solution is uniformly heated. The temperature will rise rapidly and then level off. You are looking for the stable plateau temperature. The temperature will then begin to fall as the solution loses heat to the surroundings. Good stirring is essential! 

8. The CBL will show DONE at the end of the data collection. The graph is displayed on the calculator.

9. Press [ZOOM]. Select: ZoomStat. Press [ENTER].
10. Press [TRACE]. Use the arrow keys to find the initial constant temperature rather than the first temperature value and the highest constant temperature. Record these values to the nearest 0.01oC in the data table. Calculate the change in temperature.

11. To see the data, press [STAT]. EDIT should be highlighted. Press [ENTER].
The Time should be in L3 and the Temperature in L4.

12. Empty the calorimeter. Thoroughly rinse and dry the calorimeter and the temperature probe.

13. Repeat the procedure for the second trial.

PART 2.  Reaction of Magnesium Oxide with Hydrochloric Acid
1. Repeat steps 3-8 above for preparing the calculator and CBL.

2. Mass a weighing boat to the nearest 0.0001g.

3. Mass a weighing boat and approximately one gram of magnesium oxide to the nearest 0.0001g.

4. Mass a clean, dry foam calorimeter to the nearest 0.01g. You may use the same calorimeter from Part 1 but it must be remassed because it may not be completely dry.

5. Add 75 ml of 1.00M HCl to the calorimeter and remass to the nearest 0.01g.

5. Place the temperature probe through the lid of the calorimeter and into the solution.

6. Press [ENTER] on the calculator. Wait for about 3-4 points to appear on the calculator screen. These temperatures should be relatively constant.

7. Add the magnesium oxide to the HCl and remass the weighing boat to the nearest 0.0001g in order to determine the mass of the magnesium oxide added since some of it will stick to the boat. Stir the solution constantly so that the solution is uniformly heated. It is okay to stir with the temperature probe. If the solution is not thoroughly stirred, the MgO tends to clump on the bottom of the calorimeter and will not completely react in the data collection time. This will result in a low temperature change. The temperature will rise rapidly and then level off. You are looking for the stable plateau temperature. The temperature will then begin to fall as the solution loses heat to the surroundings. Good stirring is essential! 

8. The CBL will show DONE at the end of the data collection. The graph is displayed on the calculator.

9. Press [ZOOM]. Select: ZoomStat. Press [ENTER].
10. Press [TRACE]. Use the arrow keys to find the initial constant temperature rather than the first temperature value and the highest constant temperature. Record these values to the nearest 0.01oC in the data table. Calculate the change in temperature.

11. To see the data, press [STAT]. EDIT should be highlighted. Press [ENTER].
The Time should be in L3 and the Temperature in L4.

12. Empty the calorimeter. Thoroughly rinse and dry the calorimeter and the temperature probe.

13. Repeat the procedure for the second trial.

Calculations:
1. Calculate the mass and moles of Mg and MgO used.

2. Calculate the mass of HCl solution used.

3. Calculate the heat absorbed by the HCl solution in Joules (J) using




The heat, Q ,that is absorbed or released is measured in joules. The mass, m, is the mass of the HCl solution measured in grams. The specific heat, c,of the HCl solution will be assumed to be approximately equal to liquid water, 4.184 J/goC. The change in temperature, (T, is measured in degrees Celsius.

4. Convert the joules, (J), to kilojoules, (kJ).

5. Assume the heat absorbed by the HCl solution equals the heat released by the reactions.

6. Divide by the number moles to obtain the heat of reaction in kJ /mol.

7. Average the trials for Part 1 and Part 2 and use the averaged value to calculate the percent error.

8. Use the averaged value for Part 1 and Part 2 and the heat of combustion of hydrogen to calculate the molar heat of combustion of magnesium in Part 3.
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Hess's Law of Heat Summation
NAME:_________________________________________________ COURSE:________


PARTNER’S NAME:______________________________________ PERIOD:________

Data Table
PART 1. Reaction of Magnesium with Hydrochloric Acid
	
	Trial 1
	Trial 2

	Mass of magnesium ribbon
	g
	g

	Molar mass of magnesium
	g/mol
	g/mol

	Moles of magnesium
	mol
	mol

	Mass of calorimeter and 1.0M HCl solution
	g
	g

	Mass of empty calorimeter
	g
	g

	Mass of 1.0M HCl solution
	g
	g

	Final temperature of the reaction mixture
	oC
	oC

	Initial temperature of the reaction mixture
	oC
	oC

	Change in temperature
	oC
	oC

	Heat absorbed by the solution (with sign)
	J
	J

	Heat absorbed by the solution (with sign)
	kJ
	kJ

	Heat released by the reaction (with sign)
	kJ
	kJ

	Heat of reaction in kJ/mol of Mg (with sign)
	kJ/mol
	kJ/mol

	Average heat of reaction (with sign)
	
	kJ/mol

	Theoretical heat of reaction (with sign)
	
	kJ/mol

	Percent error in the heat of reaction
	
	%


PART 2.  Reaction of Magnesium Oxide with Hydrochloric Acid
	
	Trial 1
	Trial 2

	Mass of empty weighing boat
	g
	g

	Mass of MgO and weighing boat 
	g
	g

	Mass of weighing boat after addition of MgO
	g
	g

	Molar mass of MgO
	g/mol
	g/mol

	Mass of MgO used
	g
	g

	Moles of MgO
	mol
	mol

	Mass of calorimeter and 1.0M HCl solution
	g
	g

	Mass of empty calorimeter
	g
	g

	Mass of 1.0M HCl solution
	g
	g

	Final temperature of the reaction mixture
	oC
	oC

	Initial temperature of the reaction mixture
	oC
	oC

	Change in temperature
	oC
	oC

	Heat absorbed by the solution (with sign)
	J
	J

	Heat absorbed by the solution (with sign)
	kJ
	kJ

	Heat released by the reaction (with sign)
	kJ
	kJ

	Heat of reaction in kJ/mol of MgO (with sign)
	kJ/mol
	kJ/mol

	Average heat of reaction (with sign)
	
	kJ/mol

	Theoretical heat of reaction (with sign)
	
	kJ/mol

	Percent error in the heat of reaction
	
	%


PART 3. Heat of combustion of Magnesium
	Average heat of reaction of magnesium with hydrochloric acid (with sign) Part 1
	kJ/mol

	Average heat of reaction of magnesium oxide with hydrochloric acid (with sign) Part 2
	kJ/mol

	Experimental value for the heat of combustion of Mg (with sign)
	kJ/mol

	Accepted value for the heat of combustion of Mg(with sign)
	-601.7 kJ/mol

	Percent error
	%


Additional Data:

H2 (g) +  1/2 O2 (g)    (  H2O (l)         (Ho = - 285.8 kJ/mol

Calculations: Show the calculations for the heats absorbed by the solution in Parts 1 and 2, the theoretical values for the heats of reactions for Parts 1 and 2, and the Hess’s Law summation to get the heat of combustion of magnesium.

Discussion and Conclusions:


Discuss your sources of error and how well your data agrees with the theoretical heat of combustion of magnesium and how well it supports Hess’s Law. 
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