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GCE A LEVEL — CHEMISTRY UNIT 3 QUESTION PACK

1095-01 (Legacy CH5) · New spec Unit 3 Topic 3 · A2 unit, first sat 2017, 80 marks, 1h 45min paper

REVISE.wales

CHEMISTRY — UNIT 3 · Transition Metals — d-Block
Chemistry
Topic 3.4 — d-block transition metals: electron configuration, variable oxidation states,

complex ions, ligands, colour and catalysis

Defining transition elements via 3d electron configuration, variable oxidation states, ligand

substitution and the shapes of complex ions, the origin of d-d colour and homogeneous /

heterogeneous catalysis (Fe, Cu, Cr, Mn).

Legacy 2008 specification

Estimated time for entire question pack: ~1 h 54 min

Derived from the legacy CH5 paper’s pace of ~1.3 min/mark, padded for long-prose and calculation answers (71 marks over
4 questions).

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack, not a single

mock paper. It contains every question from the legacy WJEC

CH5 papers (2008 modular spec, Jun 2010 – Jun 2016) that

maps onto the new-spec A2 Unit 3 Topic 3.4.

Questions are ordered by source paper date.

INSTRUCTIONS

Use black ink or black ball-point pen. Show all working —

quality of written communication will affect marks. A

calculator is allowed. You will need the WJEC Periodic Table /

Data Booklet.

All question content is © WJEC CBAC Ltd. and reproduced for revision

purposes.

For Examiner’s use only

Q Source Max Mark

1 Jun 11 Q4 20

2 Jun 12 Q3 15

Q Source Max Mark

3 Jun 15 Q1 16

4 Jun 16 Q4 20

Total 71



PAGE 2 · SPECIFICATION REMINDER Chemistry · 3.4 · 2015 spec

Transition Metals — d-Block Chemistry — what the new spec asks

WJEC GCE A Level Chemistry (from 2015) · Unit 3: Physical & Inorganic Chemistry · Topic 3.4.

Defining transition elements

d-block element with an incomplete d-subshell in an
ion form.

Sc (only +3, [Ar]) and Zn (only +2, full 3d10) excluded.

Electron filling: 3d before 4s in ions; 4s before 3d in
neutral atoms.

Cr and Cu anomalies: 3d54s1, 3d104s1 (stable half-/full-

filled d).

Variable oxidation states

Mn: +2 to +7 (KMnO4, MnO2).

Fe: +2, +3 most common; +6 rare (FeO4
2−).

Cu: +1 (less stable in aq) and +2 (blue).

Cr: +2, +3 (green), +6 (orange Cr2O7
2−, yellow CrO4

2−).

Complex ions & ligands

Ligand: species with a lone pair forming a dative bond
to a metal ion.

Monodentate: H2O, NH3, Cl−, CN−, OH−.

Bidentate: ethane-1,2-diamine (en); ethanedioate.

Polydentate: EDTA4− (6 sites). Haem: porphyrin + Fe2+.

Shapes of complexes

Octahedral (6 ligands): [Cu(H2O)6]2+.

Tetrahedral (4 ligands): [CuCl4]2−.

Square planar (4 ligands): cisplatin (Pt).

Linear (2 ligands): [Ag(NH3)2]+.

Colour origin

d-d transitions: absorb visible light to promote 3d e− to

higher d level.

Energy gap (ΔE) set by ligand identity (spectrochemical

series) and oxidation state.

Colour observed = complementary to absorbed.

Change ligand or oxidation state ⇒ colour change.

Ligand substitution & catalysis

[Cu(H2O)6]2+ (pale blue) + excess NH3 →

[Cu(NH3)4(H2O)2]2+ (deep blue).

+ Cl−: [CuCl4]2− (yellow-green, tetrahedral).

Heterogeneous: Fe in Haber, V2O5 in Contact, Ni for

hydrogenation.

Homogeneous: autocatalysis by Mn2+ in MnO4
− +

C2O4
2−.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »



PAGE 3 · CRIB SHEET Chemistry · 3.4 · 2015 spec

Transition Metals — d-Block Chemistry in one page

Quick-reference notes — revisit before each question.

Defining

d-block with partially-filled d-subshell

in a stable ion. Excludes Sc (only Sc3+

[Ar]) and Zn (only Zn2+, 3d10).

Cu2+ ligand colour

[Cu(H2O)6]2+ pale blue → + excess NH3

→ [Cu(NH3)4(H2O)2]2+ deep blue.

+ Cl− → [CuCl4]2− yellow-green.

Why coloured

d-d transition: visible light promotes an
electron from lower to higher d-orbital.
Wavelength absorbed = complementary
to observed colour.

Ligand types

Monodentate (1 lone pair): H2O, NH3, Cl−.

Bidentate: en, oxalate (2 sites).

Polydentate: EDTA4− (6 sites).

Catalysis

Heterogeneous: Fe in Haber, V2O5 in

Contact, Pt/Pd in catalytic converters.

Homogeneous: variable oxidation
states permit autocatalysis

(MnO4
−/C2O4

2− — Mn2+ catalyses).

Cr chemistry

Cr(VI) Cr2O7
2− orange ↔ CrO4

2− yellow

(alkali shifts).

Cr(III) [Cr(H2O)6]3+ green.

Crib sheet — revision compilation for Chemistry Unit 3 Topic 3. Questions begin overleaf.



Question 1 WJEC CH5 Jun 2011 · Q4 20 marks



Question 1 (cont.) WJEC CH5 Jun 2011 · Q4 20 marks



Question 2 WJEC CH5 Jun 2012 · Q3 15 marks



Question 2 (cont.) WJEC CH5 Jun 2012 · Q3 15 marks



Question 2 (cont.) WJEC CH5 Jun 2012 · Q3 15 marks



Question 2 (cont.) WJEC CH5 Jun 2012 · Q3 15 marks



Question 3 WJEC CH5 Jun 2015 · Q1 16 marks



Question 3 (cont.) WJEC CH5 Jun 2015 · Q1 16 marks



Question 4 WJEC CH5 Jun 2016 · Q4 20 marks



Question 4 (cont.) WJEC CH5 Jun 2016 · Q4 20 marks



END OF QUESTION PACK

4 questions · 71 marks · ~1 h 54 min
Source: WJEC CH5 (2008 modular spec, Jun 2010 – Jun 2016)

Curated for WJEC Chemistry 2015 spec A2 Unit 3 — Topic 3 (3.4)

© WJEC CBAC Ltd. Pack layout © revise.wales for revision purposes only.


