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Topic 4: Chemical changes

The reactivity series

K, Na, Li, Ca, Mg, (C), Zn, Fe,
(H), Cu — learn the order.
Water reactions fade down the
series; acids react from Mg up.
More reactive metal displaces a
less reactive one.



Topic 4: Chemical changes

Electrolysis

Molten or dissolved — ions free to
move to the electrodes.
Cathode collects the metal or
hydrogen; anode the non-metal.
Aluminium — cryolite mixture;
carbon anode burns away.
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4.1 Reactivity of metals

Name: Class: Date: Total: 14 marks

KEY WORDS reactivity series活动性顺序 • displacement置换 • reduction还原

Objective
Order metals by reactivity, predict displacement, choose extraction methods and (HT)
use electron-transfer redox. Original questions for spec statements 4.4.1.1–4.4.1.4.

1 Key knowledge and worked examples
Reactivity series: K, Na, Li, Ca, Mg, (C), Zn, Fe, (H), Cu. Reactivity = tendency
to form positive ions.

• water: K/Na/Li/Ca react; Mg very slow; Zn, Fe, Cu none;
• dilute acid: Mg, Zn, Fe → salt + H2; Cu none;
• displacement: a more reactive metal displaces a less reactive one – Zn + CuSO4

→ ZnSO4 + Cu.

Extraction: gold occurs native; metals below carbon → carbon reduction (Zn,
Fe, Cu oxides + C); metals above carbon (Al, Mg) → electrolysis. Reduction =
loss of oxygen; oxidation = gain of oxygen.

(HT): OIL RIG – oxidation is loss (of electrons), reduction is gain. Ionic equation:
Zn + Cu2+ → Zn2+ + Cu (zinc oxidised, copper reduced).

Worked example (3 marks, HT). Zinc is added to copper(II) sulfate solution.
Write the ionic equation and identify what is oxidised.

Zn + Cu2+ → Zn2+ + Cu; zinc loses two electrons – oxidised; copper ions gain them
– reduced.

2 Practice
2.1 Place in reactivity order: calcium, copper, magnesium, sodium. [1]

2.2 Which metal in the series does not react with dilute hydrochloric acid? [1]
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2.3 Why is aluminium extracted by electrolysis rather than carbon reduction? [1]

3 Exam-style questions
3.1 Iron displaces copper from copper sulfate solution but cannot displace magnesium
from magnesium sulfate. Deduce the reactivity order of the three metals and explain in
terms of ions. [4]

3.2 Explain, in terms of oxygen, why iron is oxidised and carbon dioxide is reduced in:
2 Fe2O3 + 3 C → 4 Fe + 3 CO2. [3]

3.3 (HT) For Mg + Fe2+ → Mg2+ + Fe, write the two half-equations and state which
species is reduced. [4]
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Solutions
2.1 Sodium > calcium > magnesium > copper.

2.2 Copper.

2.3 Aluminium is more reactive than carbon, so carbon cannot reduce its oxide.

3.1 Iron > copper, because iron displaces copper – iron atoms form ions more readily;
magnesium > iron, because iron cannot displace magnesium; order: Mg > Fe > Cu;
reactivity is the tendency to lose electrons and form positive ions.

3.2 Iron oxide loses oxygen to become iron – iron is reduced; carbon gains oxygen to
become carbon dioxide – carbon is oxidised; overall, carbon reduces iron oxide to iron.
(Correction to the question’s premise is expected: iron is REDUCED, carbon is OXI-
DISED.)

3.3 Mg → Mg2+ + 2e−; Fe2+ + 2e− → Fe; the iron(II) ion gains electrons, so Fe2+ is
reduced; magnesium is oxidised.
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