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Answer ALL questions in the spaces provided.

1. (a) Calcium reacts with water to produce calcium hydroxide and hydrogen.

Write the equation for this reaction.  Give TWO observations that could be made
during this reaction.

Equation

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

Observations

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

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

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

.......................................................................................................................................
(4)

(b) State the trend in the solubility of the Group 2 hydroxides, as the atomic mass of the
Group 2 element increases.

.......................................................................................................................................
(1)
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(c) (i) Show that the following data are consistent with the empirical formula CaN2O6.

(2)

(ii) Explain why the thermal stability of the Group 2 nitrates increases as the atomic
number of the Group 2 element increases.

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

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

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

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

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

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

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

................................................................................................................................
(3)
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2. (a) Draw the ammonia molecule, NH3, making its three-dimensional shape clear.  Mark
in the bond angle on your diagram.  Explain why ammonia has this shape and this
bond angle.

Diagram

Explanation

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

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

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

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

.......................................................................................................................................
(4)

(b) Explain whether ammonia is a polar molecule or not.

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

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

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

.......................................................................................................................................
(2)
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(c) Explain, in terms of the intermolecular forces in both compounds, why ammonia has
a higher boiling temperature than phosphine, PH3.

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

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

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

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

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

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

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

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

(d) (i) Explain, in terms of electrons, how ammonia can react with hydrogen ions to
form ammonium ions, NH4

+.

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

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

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

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

(ii) State the number of protons and the number of electrons present in an ammonium
ion.

number of protons ...............................

number of electrons .............................
(2)
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3. (a) Sodium chloride, NaCl, can be made by the reaction of sodium with chlorine.

2Na(s)  +  Cl2(g)  → 2NaCl(s)

(i) Calculate the maximum mass of sodium chloride which could be obtained from
92 g of sodium.

(2)

(ii) Calculate the concentration of the solution obtained when this mass of
sodium chloride is dissolved in water and made up to a volume of 10 dm3 with
distilled water.

(1)

(iii) Calculate the volume of chlorine gas required to react with 92 g of sodium.

[1 mol of gas occupies 24 dm3 under the conditions of the experiment]

(2)
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(b) Describe the structure of solid sodium metal and explain why it conducts electricity.

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

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

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

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

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

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

(c) Explain why sodium chloride has a higher melting temperature than chlorine.

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

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

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

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

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

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

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

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

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

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

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

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

(ii)  Explain why the first ionisation energy of chlorine is higher than that of sodium.

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

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

................................................................................................................................
(2)
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4. (a) Define the term oxidising agent in terms of electron transfer.

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

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

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

(b) (i) Suggest which halogen is the strongest oxidising agent.

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

(ii) Which halogen is used to extract bromine from sea water?

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

(iii) What is the physical state of bromine at room temperature?

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

(c) State the appearance of a gas evolved when concentrated sulphuric acid is added to
solid sodium bromide.

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

(d) Give the oxidation number of chlorine in each of the following species.

ClO–  ......................................................................

ClO3
–  ......................................................................

(2)
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(e) Chlorine reacts with sodium hydroxide.

Write an ionic equation for this reaction and explain, in terms of oxidation numbers,
why this is a disproportionation reaction.

Equation

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

Explanation

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

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

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

.......................................................................................................................................
(4)

(f) (i) Write an equation, including state symbols, to show the process that occurs when
the first electron affinity of chlorine is measured.

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

(ii)  Explain why the second electron affinity of chlorine would be endothermic.

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

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

................................................................................................................................
(2)
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5. (a) (i) Complete the electron configuration of an aluminium atom.

1s2 ...........................................................................................................................
(1)

(ii) The grid below shows the relative values of the 1st and 2nd ionisation energies of
aluminium.  Mark on the grid the relative values that you would expect for the
3rd and 4th ionisation energies of aluminium.

(2)
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(b) (i) Write the half-equation for the oxidation of aluminium metal to aluminium ions,
Al3+.

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

(ii) Write the half-equation for the reduction of oxygen gas to oxide ions, O2–.

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

(iii) Combine these two half-equations to produce the redox equation for the reaction
of aluminium with oxygen to form aluminium oxide.

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

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

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

TOTAL FOR PAPER: 60 MARKS
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