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1   Ammonia is used to make synthetic fertilisers. 

 
Ammonia is made by the Haber process. 
 
N2 + 3H2 ⇌ 2NH3  

     
 (a)  The reaction in the Haber process reaches equilibrium. 

 
Describe the rates of the forward and reverse reactions at equilibrium. [1] 

     
 (b)  The graph shows the effect of temperature and pressure on the yield of ammonia 

in the Haber process: 
 

 

 

     
  (i) State the lowest temperature and pressure necessary to get a yield of ammonia 

of 15%. 
 
Temperature = ...........................................................°C 
 
Pressure = ...................................................... MPa 
 

 
 
 
 
 
 
[1] 

     
  (ii) Suggest one disadvantage of using a temperature of 350 °C rather than 450 °C 

in the Haber process. 
[1] 

     
  (iii) A reactor starts with 12.0 tonnes of hydrogen and excess nitrogen. 

 
N2 + 3H2  ⇌ 2NH3 
 
How many tonnes of ammonia would be produced from 6 × 106 moles of 
hydrogen, H2? 
 
1 tonne = 1 × 106 g 
 
Use the equation: number of moles =  
 
 
                                       Mass of ammonia = ............................................ tonnes 

 
 
 
 
 
 
 
 
 
 
[3] 

mass of substance 

relative formula mass (g) 
 



     
 (c)  Sarah makes ammonium sulfate from ammonia in a laboratory. This is her 

method: 
 
• Add excess ammonia to dilute sulfuric acid in an evaporating basin. 
• Boil the solution until it does not smell of ammonia. 
• Cool the basin until crystals form in the solution. 

 
The crystals that form in the solution are impure. 
 
Describe what Sarah can do to get pure ammonium sulfate crystals. 
 

 
 
 
 
 
 
 
 
 
 
[2] 

     
 (d)  Ammonium sulfate can be mixed with other substances to make compound 

fertilisers. 
 
Suggest why compound fertilisers are better for farmers than pure ammonium 
sulfate. 
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