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2 
 

 



3 
 

Section A 

Answer all questions from this section. 
 

A1. BeCl2 is a covalent compound but BeF2 and MgCl2 are ionic compounds. 
 (a) Use ideas about electronegativity to explain why MgCl2 is ionic but BeCl2 is covalent. 
 (b) Use ideas about polarizability to explain why BeF2 is ionic but BeCl2 is covalent. 

[5] 
 

A2. As you go down a group of the Periodic Table, there is a gradual change in the physical properties of the 
elements. 

 (a) State and explain how the melting points of the alkali metals changes down the group. 
 (b) State and explain how the melting points of the halogens changes down the group. 

[5] 
 

A3. Sodium and magnesium differ significantly in the way in which they react with water. 
 (a) Write equations to show how sodium and magnesium both react with water. State the conditions 

required for these reactions to take place. 
 (b) Explain the difference in the reactivities of sodium and magnesium with water. 

[5] 
 

A4. A student added bromine water separately to solutions of sodium chloride and sodium iodide. 
 (a) State what she would observe in each case. 
 (b) Write equations for any reactions occurring and explain any differences. 

[5] 
 

A5. Chromium can form a number of stable ions, including both Cr2+ and Cr3+. 
 (a) Give the full electronic configurations of Cr, Cr2+ and Cr3+. 
 (b) Explain why chromium can form more than one stable ion. 

[5] 
 

A6. (a) What is radioactivity? 
 (b) The first two steps in the conversion of Pa91

234  to Pb82
208  are β-emission followed by α-emission. Write a 

balanced nuclear equation for each step. 
[5] 

A7. (a) Give the composition of each of the following: 
  (i) alpha particle (ii) beta particle (iii) positron (iv) gamma ray 
 (b) Explain why the penetrating power of alpha radiation is less than that of beta and gamma radiations. 

[5] 
 

A8. Explain what happens to the nucleus of a carbon-14 atom during: 
 (a) beta-emission 
 (b) alpha-decay 
 (c) electron capture 

[5] 
 

A9. Balance the following nuclear reactions by supplying values for r, s, t, q, y and m: 

Pa13
27  + ns

r  → Nat
24  + He2

q
 

Fey
56  + H1

m  → α2
4  + Mn25

54  

[5] 
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A10. The most abundant isotope of helium is He2
4

, which has a nuclear mass of 6.6447 x 10-27 kg. 
The mass of a proton is 1.6726 x 10-27 kg. The mass of a neutron is 1.6779 x 10-27 kg. The speed of light c is 3.00 
x 108 ms-1. 1 eV = 1.6 x 10-19 J. Einstein’s equation is E = mc2. 
Calculate: 

 (a) The mass defect of He2
4

 
 (b) (i) The binding energy of He2

4
 in J 

 (b) (ii) The binding energy of He2
4

 in eV 
[5] 

 
 

Section B 
 

Answer one question from this section. 
 

B1. This question is about the anomalous behaviour of lithium and beryllium compared with other elements in 
their respective groups. 

 (a) Lithium and sodium react differently with oxygen. Write equations to show how lithium and sodium 
react with oxygen and explain the differences in the two oxides formed. 

(5) 
 

 (b) Lithium and sodium also react differently with nitrogen. Describe, using equations as appropriate, 
how lithium and sodium react with nitrogen. 

(3) 
 

 (c) Beryllium and calcium react differently with carbon. Write equations to show how beryllium and 
calcium react with carbon and explain the differences in the two carbides formed. 

(5) 
 

 (d) Beryllium oxide and calcium oxide react differently with alkalis. Describe, using equations as 
appropriate, how beryllium oxide and calcium oxide react with alkalis. 

(3) 
 

 (e) In aqueous solution, lithium ions and beryllium ions both form hydrated complex ions with the 
formulae [Li(H2O)4]+ and [Be(H2O)4]2+ respectively. 

  (i) Explain why the other elements in Group 1 do not form complex ions analogous to [Li(H2O)4]+. 
  (ii) Explain why the other elements in Group 2 do not form complex ions analogous to 

[Be(H2O)4]2+. 
(5) 

 
 (f) Explain why the chemical properties of lithium and beryllium are so different from the other elements 

in their respective groups. 
(2) 

Total 25 marks 
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B2. This question is about the chemical properties of the halides. 

 
 (a) Describe a simple chemical test which you could use to identify chloride ions, bromide ions and iodide 

ions in aqueous solution. State clearly what you would observe in each case and write ionic equations 
for any reactions taking place. 

(8) 
 

 (b) The reducing power of the halides changes down Group 7. This can be illustrated in the very different 
ways in which chloride, bromide and iodide ions react with concentred sulphuric acid (H2SO4). 

  (i)  State and explain how the reducing power of the halides changes down Group 7. 
  (ii) State the oxidation number of sulphur in H2SO4. 
  (iii) Write an equation to show how H2SO4 reacts with chloride ions and state the final oxidation 

number of the sulphur. 
  (iv) Write an equation to show how H2SO4 reacts with bromide ions and state the final oxidation 

number of the sulphur. Your answer should be different to your equation in (ii) 
  (v) Write an equation to show how H2SO4 reacts with iodide ions and state the final oxidation 

number of the sulphur. Your answer should be different to your equations in (ii) and (iii) 
(12) 

 
 (c) Iodide ions react with persulphate ions according to the following equation: S2O8

2- + 2I- → 2SO4
2- + I2 

This reaction is normally slow at room temperature but is effectively catalyzed by Fe2+ ions. 
  (i) Explain why this reaction is slow in the absence of a catalyst. 
  (ii)  Write two equations to show how this reaction is catalysed by Fe2+ ions 
  (iii) What property of Fe and its compounds makes them effective catalysts? 

(5) 
Total 25 marks 

 
B3. This question is about complex ions containing iron and zinc. 

 
 (a) Write the electronic configurations of Fe3+ and Zn2+ 

(2) 
 

 (b) Fe3+ and Zn2+ can both form a number of different complex ions: 
 

 
(i) Write the formula of the complex ion formed when water is added to Zn2+ ions. Draw the ion, 

showing its shape and structure clearly. State the coordination number of the complex ion. 
  (ii) Write the formula of the complex ion formed when an excess of HCl is added to Fe3+ ions. Draw 

the ion, showing its shape and structure clearly. State the coordination number of the complex 
ion. 

  (iii) Write the formula of the complex ion formed when an excess of 1,2-diaminoethane 
(H2NCH2CH2NH2) is added to Fe3+ ions. Draw both isomers of this complex ion, showing their 
shape and structure clearly. State the type of isomerism shown by this complex ion. 

(13) 
 

 (c) Explain why the complex ion in (b) (iii) is more stable than the complex ions in (b) (i) or (b) (ii). 
(2) 

 
 (d) Explain why complex ions containing Fe3+ are usually coloured but complex ions containing Zn2+ are 

usually not coloured. 
(5) 

Question B3 continues overleaf 
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 (e) Aqueous solutions of Fe2+ and Zn2+ are both acidic, although aqueous solutions of Fe3+ are usually 
more acidic than aqueous solutions of Zn2+. Explain these observations. 

(5) 
Maximum 25 marks 

 
 

Section C 
 

Answer one or two questions from this section. 
 

C1. Nuclear reactions are first-order processes governed by the following equation: log10
N0

N
  = 

kt

2.303
 

 (a) Identify the variable N0, N, k and t 
 

 (b) Define the term half-life (t1

2

) of a radio-nuclide and hence use the equation above to deduce an 

expression for t1

2

. 

 
 (c) The half-life of caesium-137 is 30 years. 
  (i) How much of a 100 g sample of caesium-137 will remain after 300 years? 
  (ii) How long does it take for three-fourths of a caesium-137 sample to decay? 
  (ii) What is the driving force for the decay of caesium-137? 

Total 25 marks 
 

C2. (a) Distinguish between 
  (i) nuclides and nucleons 
  (ii) protons and positrons 
  (iii) nuclear fission and nuclear fusion 
  (iv) binding energy and mass defect 
  (v) nuclear reactions and chemical reactions 

 
 (b) The uranium decay series starts with U92

238  and finishes with Pb82
206 . Each step involves the loss of either 

an α-particle or a β-particle. Deduce how many α-particles and β-particles are given off. 
 

 (c) Account for the following observations: 
  (i) U 92

238  and U92
238 2+ behave in the same way during nuclear reactions. 

  (ii) U92
235  and U92

236  have identical chemical properties. 
Total 25 marks 

 
C3. (a) Write notes on nuclear stability with particular reference to: 
  (i) The proton to neutron ratio 
  (ii) The odd and even rule 
  (iii) Other factors affecting nuclear stability. 

 
 (b) (i) How is carbon-14 made and how does carbon dating work? 
  (ii) Explain the use of nuclear reactions in energy production. 

 
 (c) A fossil bone contains one sixteenth (1/16) as much carbon-14 as a living organism. Given that the t1

2

 for 

carbon-14 is 5715 years, how old is the fossil? 
Total 25 marks 

END OF QUESTION PAPER 


