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6.3 Reversible reactions and
equilibrium
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Objective
Build the skills to answer exam questions on reversible reactions and equilibrium
— the = symbol, equilibrium , moving the position, and the Haber
and Contact processes.

You must be able to:

o describe a reversible reaction (e.g. hydrated/anhydrous salts)
« state the conditions for equilibrium in a closed system
o predict how temperature/pressure/concentration shift the equilibrium

1 Key knowledge and worked examples
B Equilibrium and the Haber process

__ Aproduct
rate = —x—

- steeper gradient = faster reaction

same final amount
(same reactants used up)

volume of gas produced

steepest at the start
= fastest rate

—— faster reaction
—— slower reaction

time

At equilibrium the forward and reverse rates are equal and concentrations stop
changing

o Haber: N, + 3Hy = 2NHj3; ~450 °C, ~200 atm, iron catalyst.

« shifts: more pressure — side with fewer gas molecules; add a substance — moves
to use it up.

« a catalyst does not shift the position — only speeds up reaching equilibrium.

2 Practice

2.1 State the two conditions for a reaction at equilibrium. 2]

2.2 Give the catalyst used in the Haber process. 1]

3 Exam-style questions
3.1 Adding a catalyst to a reaction at equilibrium: 1]

[j A moves the equilibrium to the products
B moves it to the reactants
C does not move the position, but reaches equilibrium faster
D stops the reaction

3.2 In the Haber process Ny(g) + 3Ha(g) = 2NHjs(g).

(a) State the effect of increasing the pressure on the amount of ammonia. 2]

(b) Explain why a temperature of about 450 °C is used, even though a lower temperature
would give more ammonia. 2]

3.3 Anhydrous copper(II) sulfate is white; adding water turns it blue. State what this is
used to test for, and why this is a reversible reaction. 2]



Solutions
Each answer shows the steps, then the result.

2.1

e forward and reverse reactions occur at the same rate
e concentrations of reactants and products stay constant

2.2
o Haber process catalyst: iron
31C

« a catalyst does not move the position; it only reaches equilibrium faster
¢ A and B would change yield; D is false

3.2
(a)

 the amount of ammonia increases
o equilibrium moves to the side with fewer gas molecules (2 vs 4)

(b)

e a lower temperature gives more ammonia but the reaction is too slow
e 450 °C is a compromise that keeps a good rate

3.3

« it tests for water
« the reaction can go both ways — lose water on heating, gain it again




