Ammonia
· Describe and explain the conditions used in the Haber process for the formation of ammonia, as an example of the importance of a compromise between chemical equilibrium and reaction rate in the chemical industry.

· Outline the importance of ammonia and nitrogen compounds derived from ammonia, for example, fertilisers, polyamides and explosives.
· Describe ammonia as a base, in terms of its reaction with an acid (e.g. sulphuric acid) to form ammonium salts, used in fertilisers.
[image: image1.png]nitrogen
from the air

400 - 450°C

200 atm
iron catalyst

rnitogen and hychogen
3 by volume £

[r—
oot
hydrogen o

rom natural gas

‘gases e cooled
and ammonia tms

s
'

liquid ammonia




The Haber process


The effect of temperature on the rate of reaction;
The effect of temperature on the position of the equilibrium;
The forward reaction is exothermic. According to Le Chatelier, the forward reaction will be favoured if you lower the temperature. The system will respond by moving the position of equilibrium to counteract this - in other words by producing more heat.
The compromise;

The effect of pressure on the rate of reaction;
The effect of pressure on the position of the equilibrium;
The compromise;
Uses of ammonia
Ammonia is converted into nitric acid HNO3
Nitric acid is used to make explosives such as TNT, it is one of the monomers of Nylon and it is used to make fertilisers.
Making HNO3
Step one;  4NH3(g) + 5O2(g) 
            4NO(g) + 6H2O

Step two; 4NO(g) + 3O2 (g) + 2H2O(l) 
4HNO3 (aq)

Making fertilisers

Ammonium salts such as ammonium nitrate and ammonium sulphate are used as fertilisers. They are made by neutralising ammonia (a base) with an acid. 
Ammonia + Nitric acid 
Ammonium nitrate

Ammonia + Sulphuric acid 
    Ammonium sulphate

ppq jan01

Some of the ammonia from the Haber process reacts with CO2 to make the fertiliser urea.

___NH3(g)  + ​​​___CO2(g)

  ___NH2CONH2(s)  + ___H2O (l)
i) balance the above equation [1]
ii) calculate the maximum mass of urea that could be obtained from 1kg of ammonia [2]
�





N2 (g) + 3H2 (g)            2NH3 (g)                  ΔHӨ = -92kJmol-1








