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Answer ALL questions.  Write your answers in the spaces provided.

1. (a) Complete the table to show the colours and physical states of bromine and iodine at 
room temperature and pressure.

Halogen Colour Physical state

Bromine

Iodine

(2)

 (b) (i) Explain why hydrogen bromide, HBr, has a lower boiling temperature than 
hydrogen iodide, HI.

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

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

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

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

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

    ................................................................................................................................
(2)

  (ii) Write the ionic equation for the reaction between hydrogen bromide and water. 
State symbols are not required.

    ................................................................................................................................
(1)

  (iii) Suggest the pH of the solution formed in the reaction in (b)(ii).

    ................................................................................................................................
(1) Q1

(Total 6 marks)
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2. (a) A mass spectrometer can be used to determine the isotopic composition of a sample 
of an element. The diagram below represents a low-resolution mass spectrometer in 
which four areas have been identified.

  Name the process occurring in each of the areas labelled A, B, C and D.

  Area A  ..........................................................................................................................  

  Area B  ..........................................................................................................................

  Area C  .........................................................................................................................

  Area D  .........................................................................................................................
(4)

Gaseous
sample

To vacuum pump

D

A

B

C

Electromagnet

(+)
(–)(–)

(+)
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 (b)  Natural boron contains two isotopes with relative isotopic mass of 10.0 and 11.0.

  The relative atomic mass of boron is 10.8 (to three significant figures). 

  Calculate the percentage abundance of the two boron isotopes.

(3) Q2

(Total 7 marks)
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3. Some atomic radii are given below.

Element Atomic radius
/ nm

Sodium, Na 0.191

Aluminium, Al 0.130

Chlorine, Cl 0.099

Potassium, K 0.235

 (a) (i) Explain why a chlorine atom has a smaller radius than a sodium atom.

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

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

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

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

    ................................................................................................................................
(2)

  (ii) Suggest why a potassium atom has a larger radius than a sodium atom.

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

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

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

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

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

    ................................................................................................................................
(3)

 (b) (i) Complete the electronic configuration of aluminium.

   1s2 ...........................................................................................................................
(1)
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  (ii) Give the formula of the aluminium ion in aluminium oxide, Al2O3.

   State and explain how the radius of this ion compares with the radius of an 
aluminium atom.

   Formula of ion ........................................................................................................

   Explanation .............................................................................................................

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

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

    ................................................................................................................................
(2)

 (c) (i) Define the term first ionisation energy.

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

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

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

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

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

    ................................................................................................................................
(3)

  (ii) Explain how successive ionisation energy data show that aluminium is in
Group 3 of the Periodic Table.

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

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

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

    ................................................................................................................................
(1) Q3

(Total 12 marks)
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4. (a) (i) Draw a ‘dot and cross’ diagram of boron trifluoride, BF3, showing the outer shell 
electrons only.

(2)

  (ii) Why is a B–F bond polar?

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

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

    ...............................................................................................................................
(1)

  (iii) Explain why the BF3 molecule is not polar.

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

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

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

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

    ...............................................................................................................................
(2)
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 (b) Boron also forms the ion BH4
−.

  (i) State the types of bonding in this ion.

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

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

    ...............................................................................................................................
(2)

  (ii) State and explain the shape of the BH4
– ion.

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

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

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

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

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

    ...............................................................................................................................
(3) Q4

(Total 10 marks)
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5. (a) 1.1 g of a gas, X, a compound of carbon and oxygen, occupied a volume of 0.60 dm3 
at room temperature and pressure.

  [Molar volume of gas at room temperature and pressure = 24 dm3 mol–1.]

  (i) Calculate the molar mass, in g mol–1, of X.

(2)

  (ii) Identify the gas, X.

    ...............................................................................................................................
(1)
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 (b) Magnesium reacts with dilute hydrochloric acid

Mg + 2HCl → MgCl2  + H2

  (i) Calculate the minimum volume of hydrochloric acid of concentration 2.0 mol dm–3 
which reacts with 6.0 g of magnesium.

(3)

  (ii) Calculate the mass of magnesium chloride produced.

(2) Q5

(Total 8 marks)
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6. (a) (i) A flame test was performed on a sample of sodium chloride.  State the colour of 
the flame.

    ...............................................................................................................................
(1)

  (ii) Explain the origin of the colour obtained in the flame test.

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

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

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

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

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

    ...............................................................................................................................
(3)

 (b) (i) Describe the three-dimensional structure of sodium chloride.

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

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

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

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

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

    ...............................................................................................................................
(2)
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  (ii) Explain why sodium chloride has a high melting temperature.

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

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

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

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

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

    ...............................................................................................................................
(2)

 (c) (i) Write the equation for the thermal decomposition of lithium carbonate, Li2CO3. 
State symbols are not required.

    ...............................................................................................................................
(1)

  (ii) Explain why sodium carbonate, Na2CO3, decomposes with difficulty on heating 
whereas lithium carbonate decomposes easily.

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

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

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

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

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

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

    ...............................................................................................................................
(2)

TURN OVER FOR QUESTION 7

Q6

(Total 11 marks)
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7. (a) Give the oxidation numbers of manganese in

  MnO4
–  ....................................................

  Mn2+       ....................................................
(1)

 (b) Write the overall ionic equation for the reaction between manganate ions, MnO4
−, and 

hydrogen peroxide, H2O2, given the half-equations

                         MnO4
− + 8H+  +  5e− → Mn2+ + 4H2O

   H2O2 → O2 + 2H+ + 2e−

(2)

 (c) Hydrogen peroxide can decompose as follows

2H2O2 → O2 + 2H2O

  State and explain, using oxidation numbers, the type of reaction that is occurring.

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

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

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

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

   .......................................................................................................................................
(3)

TOTAL FOR PAPER: 60 MARKS

END

Q7

(Total 6 marks)
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