BOND ENTHALPIES
You need to be able to:

Explain exothermic and endothermic reactions in terms of the enthalpy changes associated with the making and breaking of chemical bonds.

Define and use the term average bond enthalpy.

Calculate an enthalpy change of reaction from average bond enthalpies.
All chemicals have chemical energy stored within their chemical bonds. We can find out about the strength of a chemical bond from its bond enthalpy.

Bond enthalpies tell you how much energy is required to break different bonds.

The stronger the bond, the more positive the bond enthalpy.

Breaking bonds is an endothermic process – energy is required.

Making bonds is an exothermic process – energy is released.
The same amount of energy is released when making a new bond as is required for breaking the same bond. For example:

Breaking the bond between two hydrogen atoms in a molecule 

H-H(g) → 2H(g) 
H = +436 kJ mol-1 (ENDOTHERMIC)
Making this bond from 2 hydrogen atoms 




The amount of energy is the same!

2H(g) → H-H(g) 
H = -436 kJ mol-1 (EXOTHERMIC)
The bond enthalpy for H-H is always the same as this bond can only exist in a H2 molecule however, some bonds can occur in a number of different molecules. For example, the C-H bond exists in a huge number of organic molecules.


All of these molecules contain C-H bonds, but they are in different environments. The strength of the C-H bond varies across the different environments so mean bond enthalpies are used, taking into account the enthalpy of the C-H bond in a wide range of different chemicals.

DEFINITION

The bond enthalpy of a particular bond is the energy required to break one mole of the bonds in a substance in the gaseous state.

The mean bond enthalpy of the X – Y bond is the mean value of the bond enthalpy values for the X – Y bond averaged across a wide range of compounds.
Exothermic and endothermic reactions

For a chemical reaction to happen bonds between the reactants have to be broken and new bonds are formed. Whether a reaction is exothermic or endothermic depends on the strengths of the bonds being broken and the new bonds being made.

In an endothermic reaction the bonds being broken are stronger than those being made – it requires more energy for the bonds to be broken than making new bonds releases.

In an exothermic reaction the bonds being made are stronger than those being broken – making new bonds releases more energy than is required to break the bonds to begin with.

Energy required to break bonds = (bond enthalpies of bonds broken)
Energy required to break bonds = (bond enthalpies of bonds made)
H =(bond enthalpies of bonds broken)(bond enthalpies of bonds made)

Example calculation
For the reaction CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)

Average bond enthalpies for breaking bonds:

C-H: +413 kJ mol-1, O=O: +497 kJ mol-1, C=O: +805 kJ mol-1, O-H: +463 kJ mol-1
Remember that making bonds gives the same number only negative.
Bonds broken = 4(C-H) + 2(O=O)

Bonds made = 2(C=O) + 4(O-H)
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H =(bond enthalpies of bonds broken)(bond enthalpies of bonds made)
( H =[(4 x 413) + (2 x 497)][(2 x 805) + (4 x 463)]

( H =26463462
( H =-816 kJ mol-1
Extra notes
Unknown bond enthalpies can be calculated from the enthalpy change of reaction and the other relevant bond enthalpies (page 257 in text book)
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