
Gases, equilibria and ammonia 

C3 Topic 4 



• 1 mole of any substance contains 6.02 x 1023 
particles (Avogadro’s number) 

 

number of moles =                mass (grams) 

                            relative atomic (or formula) mass 

 

• 1 mole of any gas occupies 24dm3 at room 
temperature and atmospheric pressure. This is 
the molar volume of the gas 

Volumes of gases 





• Nitrogenous fertilisers are manufactured from 
ammonia (nitrogen containing compound) 

• They promote plant growth 

• They can be natural (manure) or artificial 

Nitrogenous fertilisers 
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• More crops can be grown (more people fed) 

Advantages of nitrogenous fertilisers 
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• Contain highly soluble chemicals that can be washed out of 
the soil and into rivers and lakes (Eutrophication) 

• This increases the levels of nutrients in the water causing 
algae/plants to grow quickly and the water becomes 
overgrown 

• When the plants die, they are decomposed by bacteria and 
fungi, which use up the oxygen in the water 

• This decreases the amount of oxygen available for other 
organisms, which then cannot survive 

 

 

Disadvantages of nitrogenous fertilisers 
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The Haber process 

• The Haber process uses a reversible reaction between nitrogen and hydrogen to form 
ammonia 

• The nitrogen is extracted from the air and the hydrogen is produced from methane, the 
main gas in natural gas 

• The forwards and backwards reactions are happening at the same time- ammonia is 
broken down into hydrogen and nitrogen at the same time as it is made 



Forward:            nitrogen + hydrogen → ammonia 

- Exothermic (heat is released) 

 

Backward:         ammonia → nitrogen + hydrogen 

- Endothermic (heat is taken in) 

 

• Eventually the forward and backward reactions will 
happen at the same rate. This is dynamic equilibrium  

 

N2(g) + 3H2(g)                     2NH3(g) 

Dynamic equilibrium 



• If a system in equilibrium is subject to a change in 
conditions, then it will adjust in such a way to 
nullify (cancel out) the change 

 

• Decreasing the temperature for the ammonia 
reaction will result in an increase in the rate of 
the forward reaction. This counteracts the 
decrease in temperature because this reaction is 
exothermic. We say that equilibrium has shifted 
‘to the right’ 

Dynamic equilibrium 



• Manufacturers want to produce a high yield 
quickly in order to make maximum profits 

High yield = high profit 

http://buzz.money.cnn.com/2013/11/13/a-different-take-on-dividends/


• Increasing the pressure to shift to the right, as the system 
tries to nullify the increase. This will increase the yield of 
ammonia 

 

• The usual pressure chosen for the reaction is high (200 
atmospheres)- it could be made even higher (and produce 
even more ammonia) but the equipment used is expensive to 
produce and maintain 

Changing the pressure 

• The forward reaction 
produces fewer gas 
molecules. Shifting the 
equilibrium to the right 
will decrease the 
pressure 



Changing the pressure 



• A high temperature will shift to the left, in 
order to favour the endothermic reaction- this 
will decrease the yield of ammonia, but very 
slowly 

• A high temperature is used to increase the 
rate of reaction so it reaches dynamic 
equilibrium quickly 

• An iron catalyst is used to speed up the 
reaction 

Changing the temperature 



• High temperature: about 450°C 

• High pressure: about 200 times normal 
atmospheric pressure 

• The presence of an iron catalyst 

Conditions for the Haber process 


