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Topic 6: The rate and extent of chemical change

Measuring rates

Rate = quantity used or formed,
over time.
Units — g/s, cm3/s; higher tier
mol/s.
Steeper graph, faster reaction;
tangent gradient = instantaneous
rate.



Topic 6: The rate and extent of chemical change

Catalysts

Not used up; not in the equation;
reaction-specific.
A different pathway with lower
activation energy.
Enzymes catalyse biological
systems.
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Name: Class: Date: Total: 14 marks

KEY WORDS dynamic equilibrium动态平衡 • Le Chatelier principle勒夏特列原理

Objective
Represent reversible reactions, define equilibrium and (HT) apply Le Chatelier’s principle.
Original questions for spec statements 4.6.2.1–4.6.2.3.

1 Key knowledge and worked examples
Reversible reactions use the ⇌ arrow: A + B ⇌ C + D. Exothermic in one
direction transfers the same energy endothermically in the other.

Dynamic equilibrium: in a closed system, reached when the forward and re-
verse rates are equal – concentrations constant, both reactions still happening.

(HT) Le Chatelier – the system counteracts a change:

Change Position shifts
reactant concentration ↑ toward products
product concentration ↓ toward products
pressure ↑ (gases) toward the side with fewer gas molecules
temperature ↑ toward the endothermic direction
catalyst added no shift – equilibrium reached sooner

Worked example (3 marks, HT). N2 + 3 H2 ⇌ 2 NH3 (exothermic forward).
Predict the effect of raising the pressure and of raising the temperature.

Four gas molecules on the left, two on the right – higher pressure shifts toward ammo-
nia; higher temperature shifts the position in the endothermic direction – the reverse
– so the ammonia yield falls; a catalyst would not change the yield, only the speed.

2 Practice
2.1 What arrow shows a reversible reaction? [1]
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2.2 What is equal at equilibrium? [1]

2.3 (HT) 2 SO2 + O2 ⇌ 2 SO3 – which side has fewer gas molecules? [1]

3 Exam-style questions
3.1 Explain what is meant by dynamic equilibrium in a closed system. [4]

3.2 (HT) For H2 + I2 ⇌ 2 HI (endothermic forward), predict and explain the effect of
(a) adding more hydrogen; (b) cooling the mixture. [4]

3.3 (HT) Why do industries sometimes use a moderate temperature rather than a low
one for an exothermic equilibrium process? [3]
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Solutions
2.1 The equilibrium (⇌) arrow.

2.2 The rates of the forward and reverse reactions.

2.3 The right-hand side – 2 molecules of SO3 against 3 of reactants.

3.1 A closed system prevents reactants or products escaping; both forward and reverse
reactions continue to occur; their rates become exactly equal; so the concentrations of all
substances remain constant – equilibrium is dynamic, not static.

3.2 (a) The system counteracts the added hydrogen by using it up – the position shifts
right, more HI forms until equilibrium is restored. (b) The forward reaction is endother-
mic, so cooling shifts the position in the exothermic direction – to the left, less HI; because
the system releases energy to counteract the fall in temperature.

3.3 A low temperature favours the exothermic forward direction and the yield; but rate
falls steeply with temperature, so production would be too slow; a moderate temperature
compromises yield against rate, keeping the process economic.
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