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Enthalpy Changes

Teacher Resource 4 – Using Hess’s law to calculate enthalpies of formation  
and enthalpies of combustion (to be used with Learner Resource 4)

Remember that energy cannot be destroyed but is merely changed from one form into another. Hess’s Law states 
the enthalpy change accompanying a chemical change is independent of the route by which the chemical 
change occurs.

ΔfH – Enthalpy of formation calculations

In order to carry out these calculations we have to draw a thermochemical cycle. See the example below:

According to Hess’s Law the enthalpy change will be the same for route 1 as it will be by adding the enthalpy 
changes for route 2 and route 3 together.

However because Route 2 is not a formation reaction we change the sign on the value and add them together.

A worked example.

Route 1

2C + 3H2

Ethane + Hydrogen

Route 2 Route 3

Ethane

Pb + C +O2

PbO(s) + CO(g) 

ΔHf PbO = -219

ΔHf CO = -111

ΔHf Pb = 0

ΔHf CO2 = -394 

Pb(s) + CO2 (g)
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All values are in kJ mol-1. The value of solid Pb is 0 as it is in its standard form.

So because PbO and CO are not being formed their values have their sign changed

Therefore 219 +111 + -394 = -64kJ mol-1 

It is important to remember that if the material is not being formed and is being broken down then the sign  
will change.

NB Easy way to remember the calculation in ΔfH always change the sign on the LHS of the thermochemical cycle.

Example calculations – Enthalpy of formulation calculations adapted from Calculations for A-Level Chemistry by  
E Ramsden (Nelson Thornes, 2001), reprinted by permission of the publishers, Oxford University Press.

The following are all standard enthalpies of formation, Δf H, in kJ mol-1

CH4(g) -76; CO2(g) -394; H20(l) -286; H20(g) -242; NH3(g), -46.2; HNO3(l) -176

Calculate the standard enthalpy change at 298K for the reaction

CH4(g) + 2O2(g)                      CO2(g) + H2O(l) Answer = -890 kJmol-1

Calculate the standard enthalpy change for the reaction

1/2N2(g) + 3/2H2O(g)                      NH3(g) + 3/4O2(g) Answer = +317 kJmol-1

Calculate the standard enthalpy change for the reaction

1/2N2(g) + 1/2H2O(g) + 5/4O2(g)                      HNO3(l)  Answer =-55 kJmol-1
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