Combustion of Hydrocarbons

OBJECTIVES:
6. Explain the relative inertness of alkanes.
7. Describe complete and incomplete combustion of hydrocarbons.
8. State that the combustion of hydrocarbons is an exothermic process.
Isomers

This possibility of having the same number and type of atoms bonded together in different ways is called isomerism: isomers are compounds having the same molecular formula but different atomic arrangements. In the alkane series, the number of possible isomers increases dramatically with number of carbons as shown:

Number of Isomers of Alkanes

	Number of Carbon Atoms
	Number of Isomers

	4
	2

	5
	3

	6
	5

	7
	9

	8
	18

	9
	35

	10
	75

	12
	355

	15
	4,347

	20
	366,319


Reaction of Alkanes

Because they are saturated compounds and because the C-C and C-H bonds are relatively strong, the alkanes are fairly unreactive.  For example, at –25oC they do not react with acids, bases, or strong oxidizing agents.  This chemical inertness makes them valuable as lubricating materials and as the backbone for structural materials such as plastics.

The combustion of hydrocarbons is an exothermic process.  This is a result of the fact that the O-H bond is stronger than the C-H bond, and the C=O bond is stronger than the C-C.  This means that, the C-C and C-H bonds breaking requires energy, but this is more than made up for by the energy released by the formation of the C=O and O-H bonds.

At a sufficiently high temperature alkanes do react vigorously and exothermically with oxygen, and these combustion reactions is the basis for their wide-spread use as fuels, where carbon dioxide and water are the products.

All combustion reactions consume oxygen and a fuel and produce CO2 and H2O. In addition to these products heat is also released. For example the equation for the combustion of propane, C3H8 is: 

               C3H8 + 5 O2 → 3 CO2 + 4 H2O + Heat Energy 

Incomplete combustion occurs when there isn’t enough oxygen present and produces CO, C and H2O (usually occurs with saturated alkanes, where there is a lot of hydrogen, or where there is a limited supply of oxygen).  C produces a 'dirty' flame leaving carbon deposits on everything, CO is toxic and CO2 is a greenhouse gas.  Incomplete combustion is where the carbon is not completely oxidised.

