Enthalpy of Combustion of an Organic Molecule

Objective: To use a bomb calorimeter to determine a heat of combustion for an organic molecule and compare this value with an accepted literature value

Background
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The heat or enthalpy of combustion is the change in energy when a substance is completely oxidized.  For organic compounds, complete oxidation means that the carbon will be in a +4 oxidation state (i.e. CO2).  The heat of combustion of an organic molecule can be determined by carrying out the combustion reaction under controlled conditions and then using the first law of thermodynamics.  
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  In this expression, we will assume only expansion/compression work.  In this case the work done is given by
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In a bomb calorimeter, the volume of the system is constant.  In this case dV is zero and there is no PV work done during the combustion.  Thus we have chosen a path in which
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Under these conditions if we can determine the heat transfer, we can calculate the change in internal energy.  For a combustion reaction, the system is the chemicals (products and reactants) involved.  The energy of this system will decrease upon combustion.  According to the first law, the loss of energy by the system will exactly match the gain in energy by the surroundings.  In our experiment, the surroundings are the calorimeter bucket filled with water.  So if we can measure the heat gain by the calorimeter will will know the heat given off by the reaction.  The heat gained by the calorimeter is simply

 Where K is the calorimeter constant or heat capacity of the calorimeter and Tf and Ti are the temperatures of the calorimeter before and after the reactions.

A heat of combustion is a change in enthalpy rather than internal energy.  Thus after determining U for the system from U for the surroundings, we must convert from U to H.  We can determine H based on the following relationship.

[image: image5.wmf]H

U

PV

=

+


[image: image6.wmf](

)

D

D

D

H

U

PV

=

+


It is generally assumed that only gases and not liquids and solids contribute significantly to the PV term.  If the gases can be treated as ideal then 
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We can rewrite the enthalpy equation as

Where nf is the moles of gaseous products in the balanced chemical equation and ni is the moles of gaseous reactants in the balanced chemical equation.  Since we are using the balanced chemical equation.  U in this expression is the change in energy for combusting 1 mol or organic compound.  

Experimental Procedure

Part I:  Determine the calorimeter constant

1) obtain a benzoic acid pellet.  Weigh an empty sample capsule and then reweigh with pellet to determine a precise mass of the pellet.

2)  Place the sample capsule in the sample holder.  Cut and measure a 10 cm length of platinum fuse wire.  Attach the fuse to the capsule holder as demonstrated in class.  Make sure the fuse does not touch the metal capsule

3) Place about 1 mL of distilled water in the bottom of the bomb.  Place the sample holder in the bomb and reassemble the bomb.

4) Take the assembled bomb to the oxygen charging station.  Place the bomb in the holder and attach the bomb to the oxygen cylinder.  Charge the bomb to about 30 atm guage pressure, close all values and then disconnect the lines and remove the bomb from its holder

5) Place the charged bomb in a large beaker with enough water in the beaker to cover the bomb.  If any leaks are seen, release the pressure in the bomb, retighten the cover and recharge the bomb

6) Place the bucket in the calorimeter, carefully seat the bomb, attach the electrical leads, fill the bucket with distilled water using the 2000 mL volumetric flask.  

7) Close the calorimeter cover, insert the digital thermometer, start the stir motor. 

8) Make sure all electric devices are plugged in and turned on.  Start the control unit.

9) Monitor the temperature for several minutes to insure that it has reached a plateau.

10) Fire the ignition unit. Monitor the temperature change until it has stopped increasing.  Record T for the experiment

11) Stop the stir motor. Disassemble apparatus. Vent bomb, open bomb, check for complete combustion, measure length of remaining fuse wire

12)  Repeat twice more 

Part II: Heat of combustion of organic compound

1) Measure about 0.9 g of your organic compound

2) Form the powder into a pellet using the pellet press

3) Determine mass of pellet

4) Follow steps 2-12 from Part I.  

Part III: Heat content of a food item (Optional)

1) Measure ~ 1 gram of a food item.  You food choice must be solid and easy to combust.  

2) Make a pellet if needed and determine the mass of the final sample 

3) Follow steps 2-12 from Part I 

Calculations

Determination of the calorimeter constant
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The total heat flow from the system to the surroundings will be the sum of three contributions; the combustion of the sample, the combustion of the fuse wire, and the combustion of the nitrogen in the bomb when it was sealed.  The heat of combustion of benzoic acid is –3228.165 kJ/mole of benzoic acid.  The heat of combustion of the fuse wire is –11.715 J/cm.  The heat of combustion of nitrogen is –60.850 kJ/mol of nitric acid produced.  

By convention, the negative sign means the reaction is exothermic.  Thus all three reactions will contribute to a temperature rise.  We will assume that the total volume of the bomb is 360 mL and that air is 79% nitrogen.   We can then determine the moles of nitrogen in the bomb using the ideal gas law.  From this we can determine moles of nitric acid produced.   The total heat evolved divided by the measured temperature rise is the calorimeter constant

Determination of the Heat of combustion of an organic compound

The heat of combustion of the organic compound can be determined once the heat transfer between system and surroundings due to the combustion reaction is determined.  By multiplying the calorimeter constant by the measured temperature change, the total heat transfer can be calculated.  The total heat must be corrected by subtracting off heat transfer due to the combustion of the wire and of nitrogen.  The corrected heat divided by the number of moles of organic compound combusted will give U on a per mole of reactant basis.  The change in enthalpy per mole of reactant can be calculated using (nRT) based on the balanced chemical equation.  The heat of formation of the organic compound can be determined using Hess’s law and the table of heats of formation in your textbook. 
For the food item simply report the combustion enthalpy in kJ/g.  If possible compare this to a manufacture’s label.      









Name

CH 342 Pre-Lab Assignment: 
1) Assume that you combusted 0.0051243 moles of benzoic acid, 10.93 cm of wire, and 0.0129 moles of nitrogen gas.  This experiment resulted in a temperature rise of the surroundings of 1.57 K.  What is your calorimeter constant?

2) In a separate experiment using the same calorimeter, you combusted 0.003521 moles of acetosalicylic acid.  The resulting temperature rise was 1.17 K.  Using your previously determined calorimeter constant, what is the total heat evolved?  Assume the heat due to nitrogen and to the wire is the same as in problem 1, what is U for 1 mole of acetosalicylic acid?

3) Write a balanced chemical equation for the combustion of acetylsalicylic acid.  









Name

Bomb Calorimetry Work Sheet 
Due Feb 10, 2004
Determination of the Calorimeter constant:
	
	Trial 1
	Trial 2
	Trial 3
	Additional trial

	Heat due to benzoic acid
	
	
	
	

	Heat due to wire
	
	
	
	

	Heat due to Nitrogen
	
	
	
	

	Temperature Change 
	
	
	
	


Average Calorimeter Constant________________ 

Error____________

Determination of the heat of combustion

	
	Trial 1
	Trial 2
	Trial 3
	

	Temperature Change
	
	
	
	

	Total Heat Evolved
	
	
	
	

	Heat due to organic compound
	
	
	
	

	Heat due to wire
	
	
	
	

	Heat due to Nitrogen
	
	
	
	


Average U of combustion per mole of compound____________
error_____________

Balanced Chemical Equation for Combustion

Average H of combustion per mole of compound____________
error_____________

Literature H of combustion per mole of compound___________________

Average H of formation per mole of compound____________
error_____________

Literature H of formation per mole of compound____________


Include some sample calculations for each step on a separate sheet

Are your enthalpies of reaction values significantly different than the literature values?  

Discuss possible sources of experimental error and what you could do to minimize these errors?

Determination of the energy content of food

Name of Food Item 




___________________________

	
	Trial 1
	Trial 2
	Trial 3
	

	Temperature Change
	
	
	
	

	Total Heat Evolved
	
	
	
	

	Heat due to food
	
	
	
	

	Heat due to wire
	
	
	
	

	Heat due to Nitrogen
	
	
	
	


Energy content of item




________________________

Manufacturer’s listed value




________________________

How well do you results compare with the manufacturer’s claim?
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