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Combustion Analysis of Organic Compounds: A Special Type of Empirical
Formula Problem

Information:

When compounds that contain carbon, hydrogen, and/or oxygen burn in air; carbon
dioxide and water are the only reaction products. If a compound with unknown _
composition is burned, all of the carbon can be found in the carbon dioxide and all of the
hydrogen will be found in the water. It is impossible to track the oxygen as some oxygen
from air ends up in the products. It is possible to use the conservation of mass to calculate
the mass of the oxygen present in the original compound.

Model 1: Tracking the atoms in a combustion reaction

Example of a combustion reaction:

CH3COOH + 2 02 > 2CO2 + 2 Hz0

If 1 mole of CH3COOH is burned in excess oxygen, 2 moles of carbon dioxide and 2 moles of
water are produced.

Critical Thinking Questions

1. How many moles of carbon dioxide would be produced from 2 moles of CH3COQH?
2. How many moles of oxygen atoms originate from the organic compound if 1 mele of
CH3COOH is burned?

3. If 1 mole of CH3COOH is burned, what mass of CH3COOH reacts?

4. If 1 mole of CH3COOH is burned, what mass of COzis produced?



5. If 1 mole of CH3COOH is burned, what mass of H»0 is produced?

6. Use the Law of Conservation to determine the mass of oxygen reacted.

7. Using your results from #4 and #5, determine the moles of hydrogen present in the
water produced and the moles of carbon in the carbon dioxide produced.

8. Compare your answers to #7 with the chemical formula of the compound being reacted.

9. If you did not know the formula of the original organic compound, but did know it
contained carbon and hydrogen, how could you use information about the moles of
carbon dioxide and water formed by the reaction to determine the moles of carbon and
hydrogen in the compound?




Model 2: Some Combustion Data |

A 1.50 g sample of hydrocarbon undergoes compiete combustion to produce 4.40 g of COz
and 2.70 g of H20.

Critical Thinking Questions

10. Why does the total mass of product produced exceed the mass of the hydrocarbon
reacted?

11, Where did all of the carbon and hydrogen from the original compound end up at the
completion of the reaction?

12. Would it be true that the moles of carbon in the carbon dioxide is equal to the moles of
carbon in the hydrocarbon? Explain.

13. Would it be true that the mass of carbon in the carbon dioxide is equal to the mass of
carbon in the hydrocarbon? Explain.

14. Use the given information to determine the moles of carbon and moles of hydrogen in
the carbon dioxide and water produced by the combustion reaction.

15. Determine the empirical formula of the hydrocarbon.




.Model 3: Compounds with oxygen
A 0.2500 g sample of a compound known to contain carbon, hydrogen and oxygen

undergoes complete combustion to produce 0.3664 g of COz and 0.1500 g of HzO What is
the empirical formula of this compound?

Critical Thinking Questions

16. Use the Law of Conservation to determine the mass of oxygen that reacted from the air.

17. Do the calculations necessary to show that the amount of carbon in the original
hydrocarbon is about 0.10 g and the amount of hydrogen in the original compound is
about 0.017 g.

18. Why does the total mass of carbon and hydrogen not add up to the original mass of the
original compound?

19. Use the Law of Conservation to determine the mass of oxygen in the original
compound.

- 20. Use the data to determine the empirical formula of the compound.




Problem to Try

Quinone, which is used in the dye industry and in photography, is an organic compound
containing only C, H, and 0. What is the empirical formula of the compound if you find that
0.105 g of the compound gives 0.257 g of COz and 0.0350 g of H20 when burned
completely?



