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SECTION A

You should spend a maximum of 20 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 Which atom is not an isotope of iodine?

Number of neutrons Mass number

A 72 125

B 74 127

C 75 128

D 77 129

 Your answer  [1]

2 What is the bonding between the ligands and the metal ion in [Fe(H2O)6]2+? 

 A Metallic  

 B Ionic  

 C Hydrogen  

 D Dative covalent  

 Your answer  [1]

3 What is the oxidation number of Mn in K2MnO4?

 A +4

 B +5

 C +6

 D +7

 Your answer  [1]
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SECTION A

You should spend a maximum of 20 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 A sample of boron contains the isotopes 10B and 11B.
 The relative atomic mass of the boron sample is 10.8.

 What is the percentage of 11B atoms in the sample of boron?

 A 8.0%

 B 20%

 C 80%

 D 92%

 Your answer  [1]

2 In the compound [ICl2]+ [SbCl6]–, the oxidation number of chlorine is –1.

 What are the oxidation numbers of I and Sb in the compound?

I Sb

A +1 +5

B +1 +7

C +3 +5

D +3 +7

 Your answer  [1]

3 What is the number of hydrogen atoms in 0.125 mol of C2H5OH?

 A 7.525 × 1022

 B  4.515 × 1023

 C 3.7625 × 1023

 D  3.612 × 1024

 Your answer  [1]
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4 A student titrates a standard solution of barium hydroxide, Ba(OH)2, with nitric acid, HNO3.

 25.00 cm3 of 0.0450 mol dm–3 Ba(OH)2 are needed to neutralise 23.35 cm3 of HNO3(aq).

 What is the concentration, in mol dm–3, of the nitric acid? 

 A 0.0241

 B 0.0482

 C 0.0900 

 D 0.0964

 Your answer  [1]

5 Which statement best explains why nitrogen has a larger first ionisation energy than oxygen?

 A N atoms have less repulsion between p-orbital electrons than O atoms.

 B N atoms have a smaller nuclear charge than O atoms.

 C N atoms lose an electron from the 2s subshell, while O atoms lose an electron from the 2p 
subshell. 

 D N atoms have an odd number of electrons, while O atoms have an even number. 

 Your answer  [1]

6 In the Periodic Table, element X is in Group 2 and element Y is in Group 15 (5).

 What is the likely formula of an ionic compound of X and Y?

 A X2Y5

 B X2Y3

 C X3Y2

 D X5Y2

 Your answer  [1]
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SECTION A

You should spend a maximum of 20 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 In the diagrams below, each box represents an orbital and each electron is shown as an arrow.

 Which diagram shows the correct arrangement of electrons in an atom of carbon?

A energy
2s

1s

2p

B energy
2s

1s

2p

C energy
2s

1s

2p

D energy
2s

1s

2p

 Your answer  [1]
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SECTION B

Answer all the questions.

16 Sir Humphry Davy discovered several elements including sodium, potassium, magnesium, calcium 
and strontium.

 (a) Explain which block in the Periodic Table sodium and magnesium belong to.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) A sample of magnesium, Ar  = 24.305,  is  found  to  consist  of  three  isotopes. The accurate 
relative isotopic masses and % abundances of two of the isotopes are shown in the table.

Isotope Relative isotopic mass % abundance
24 Mg 23.985 78.99%
25 Mg 24.986 10.00%

  Determine the relative isotopic mass of the third isotope of magnesium in the sample.

  Give your answer to 5 significant figures.

 relative isotopic mass =  .........................................................  [2]

 (c) A student adds an excess of calcium oxide to water in a test tube.
  In a separate test tube, the student adds an excess of strontium oxide to water.

  (i) Write the equation for the reaction of calcium oxide with water.

   State symbols are not required.

 ...................................................................................................................................... [1]

  (ii) Suggest the approximate pH of the two solutions formed in the test tubes.

pH with calcium oxide  .......................................................................................................

pH with strontium oxide ......................................................................................................
[1]
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  (ii) Calculate the lattice enthalpy of potassium oxide.

 lattice enthalpy = ............................................  kJ mol−1 [2]

 (e) A similar Born–Haber cycle to potassium oxide in (d) can be constructed for sodium oxide.

  (i) The first ionisation energy of sodium is more endothermic than that of potassium.

   Explain why.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) The lattice enthalpy of sodium oxide is more exothermic than that of potassium oxide.

   Explain why.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

6(a)
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SECTION B

Answer all the questions.

16 This question is about magnesium, bromine and magnesium bromide.

 (a) Relative atomic mass is defined as ‘the weighted mean mass compared with 1/12th mass of 
carbon-12’.

  Explain what is meant by the term weighted mean mass.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) (i) Draw a ‘dot-and-cross’ diagram for MgBr2.

    Show outer electron shells only.

[2]

  (ii) Calculate the total number of ions in 1.74 g of magnesium bromide, MgBr2.

   Give your answer to 3 significant figures.

 number of ions =  .........................................................  [3]
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6 A student is supplied with 100.0 cm3 of a solution of 0.400 mol dm–3 magnesium iodide, MgI2.

 A student plans to dilute this solution so that the iodide concentration is 0.250 mol dm–3.

 What volume of water, in cm3, does the student need to add?

 A 60.0

 B 160.0

 C 220.0

 D 320.0

 Your answer  [1]

7 Which row shows elements in order of increasing first ionisation energy?

 A Ca < Si < P < N

 B N < P < Si < Ca

 C Ca < N < P <Si

 D C < Si < P < Ca

 Your answer  [1]

8 Bond enthalpies are given in the table.

Bond H–S O=O S=O O–H

Bond enthalpy
/ kJ mol–1 +346 +498 +531 +464

 What is the enthalpy change, in kJ mol–1, for the reaction below?

 2H2S(g) + 3O2(g) → 2SO2(g) + 2H2O(g)

 A –174
 
 B –1102

 C –1794
 
 D –2098

 Your answer  [1]
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SECTION B

Answer all the questions.

16 This question is about magnesium and magnesium halides.

 (a) Magnesium has metallic bonding and is a good conductor of electricity.

  Describe, with the aid of a labelled diagram, the metallic bonding in magnesium and explain 
why magnesium conducts electricity.

  Include the correct charges on the particles in your diagram.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3] 

 (b) The 12 successive ionisation energies of magnesium are shown in Table 16.1.

Ionisation 
number Ionisation energy / kJ mol–1

1 738

2 1451

3 7733

4 10 541

5 13 629

6 17 995

7 21 704

8 25 657

9 31 644

10 35 463

11 169 996

12 189 371

    Table 16.1

9(a) 9.1

9.1
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  (i) Write an equation to represent the fourth ionisation energy of magnesium.

   Include state symbols.

 ...................................................................................................................................... [1] 

  (ii) Explain how the successive ionisation energies provide evidence that magnesium is in 
Group 2 of the periodic table.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1] 

  (iii) Electrons occupy orbitals.

   In Table 16.2 below, add a tick (✓) below the ionisation numbers that are responsible for 
removing an electron from a full orbital in a magnesium atom.

Ionisation 
number 1 2 3 4 5 6 7 8 9 10 11 12

    Table 16.2 [1] 

9.2

9.2
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18 The graph shows the first ionisation energies for elements from helium, He, to boron, B, in the 
periodic table.
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 (a) Complete the graph for C, N, O, F and Ne. [2]

 (b) Estimate the energy required to form one Li+(g) ion from one Li(g) atom.

  Give your answer in kJ, in standard form, and to two significant figures.

 energy =  ..................................................... kJ [1]

 (c) Explain why the first ionisation energies of He and Be are both higher than the first ionisation 
energy of Li.

Explanation for He:  ...................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

Explanation for Be:  ...................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................
[4]
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 (d) Explain why the first ionisation energy of Be is higher than the first ionisation energy of B.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]



Atomic Structure & Ionisation Energy - OCR past paper questions

Source: OCR H432/01 June 2023, original question 6

4

© OCR 2023

6 Which element has the largest third ionisation energy?

 A Li

 B F

 C Ne

 D Na 

 Your answer  [1]

7 The reaction below is first order with respect to reactant X.

 X(aq)    products

 When the initial concentration of X is 1.0 mol dm–3, the half-life is 16 minutes. 

 What is the half-life when the initial concentration of X is 2.0 mol dm–3?

 A 2 minutes 

 B 4 minutes

 C 8 minutes

 D 16 minutes

 Your answer  [1]

8 Which compound requires the most energy to convert one mole into its gaseous ions?

 A NaF

 B Na2O 

 C MgF2

 D MgO

 Your answer  [1]
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  (ii) Calculate the lattice enthalpy of barium iodide. 

 lattice enthalpy =  ............................................ kJ mol–1 [2]

 (b) The first and second ionisation energies of magnesium, Mg, and strontium, Sr, in Group 2 
are given in the table below.

Element First ionisation energy 
/ kJ mol–1

Second ionisation energy 
/ kJ mol–1

Mg +738 +1451

Sr +550 +1064

• Explain why the first ionisation energy of Mg is greater than the first 
ionisation energy of Sr.

• Explain why the second ionisation energy of Sr is greater than the first 
ionisation energy of Sr.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [4]

12(a)
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SECTION A

You should spend a maximum of 20 minutes on this section.

Write your answer to each question in the box provided.

1 Oxygen has the electron configuration 1s22s22p4.

 How are the electrons in an atom of oxygen arranged in the p-orbitals?

A 

↑↑ ↑↑

B 

↑↓ ↑↓

C 

↑↑ ↑ ↑

D 

↑↓ ↑ ↑

 Your answer  [1]

2 Water has the anomalous properties below.

• Water has relatively high melting and boiling points.
• Ice is less dense than water.

 Which statement explains these anomalous properties?

A The covalent bonding within water molecules.

B The hydrogen bonding between water molecules.

C The induced dipole–dipole interactions (London forces) between water molecules.

D The ionic bonding between water molecules.

 Your answer  [1]
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Section A

You should spend a maximum of 20 minutes on this section.

Write your answer to each question in the box provided.

1 The table shows the number of protons and neutrons in four different atoms.

Atom Number of protons Number of neutrons

W 17 18

X 18 18

Y 19 18

Z 18 19

Which two atoms are isotopes of the same element?

A W and X

B X and Y

C X and Z

D Y and Z

Your answer [1]

2 11.895 g of hydrated cobalt(II) chloride, CoCl 2•xH2O, is heated to remove the water of 
crystallisation.

After heating to constant mass, the mass of the anhydrous salt was 6.495 g.

What is the value of x?

A 3

B 5

C 6

D 7

Your answer [1]
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(b) The table shows the first ionisation energies for the elements in Period 3.

Element Na Mg Al Si P S Cl Ar

First ionisation 
energy / kJ mol–1 496 738 578 789 1012 1000 1251 1521

(i) Write an equation to represent the first ionisation energy of sulfur. Include state symbols. 

 ..................................................................................................................................................... [1]

(ii) The table shows that there is a general increase in first ionisation energies across Period 3, but 
that this trend is not followed by phosphorus to sulfur. 

Explain why the first ionisation energy of sulfur is lower than the first ionisation energy of 
phosphorus.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

15(a)


