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Answer all the questions.

The element sulphur, S, has been known since ancient times and was originally named
‘brimstone’.

(a) Sulphur exists as a mixture of four isotopes, 32S, 335, 343 and 36S.

(i) What is meant by the term isotopes?

...................................................................................................................................... [1]
(i) Complete the table below to show the composition of the 33S and 34S isotopes.
isotope protons | neutrons | electrons
33g
34g
[2]

(b) A sample of sulphur was collected from a volcano. The relative atomic mass of the sulphur
was determined.

(i) Define the term relative atomic mass.

...................................................................................................................................... [3]
(ii) The sample of sulphur had the following percentage composition by mass:
325, 94.93%; 33S, 0.76%; 34S, 4.29%; 3°S, 0.02%.
Calculate the relative atomic mass of the sample of sulphur.
Give your answer to four significant figures.
BNSWET = it e e s [2]
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(iii) What instrument is used to determine the isotopic abundances in sulphur?

(c¢) Sulphur also occurs naturally in sulphates. Gypsum is a common sulphate ore, containing
mainly calcium sulphate as CaSO,.2H,0.

(i) What is meant by the 2H,0O’ in the formula CaSO,.2H,07?

...................................................................................................................................... [1]
(ii) What is the molar mass of CaSO,.2H,0?
ANSWET = .o g mol~' [1]
(iii) What is the oxidation number of sulphur in CaSO,.2H,0?
...................................................................................................................................... [1]
(iv) State the formula and charge of the negative ion in CaSO,.2H,0
...................................................................................................................................... [1]

[Total: 13]
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Magnesium and aluminium are both metals in Period 3 of the Periodic Table.
(@) Magnesium forms compounds that have ionic bonding.

What is meant by the term jonic bonding?

.............................................................................................................................................. [1]
(b) Magnesium forms an ionic chloride, MgCL,.
(i) Draw a ‘dot-and-cross’ diagram to show the bonding in MgCL,.
Show outer electron shells only.
[2]
(ii) Complete the electron configuration, in terms of sub-shells, for a chloride ion.
2 SRR [1]
(c) Atroom temperature, magnesium and aluminium both exist as solid lattices.
(i) Interms of the particles involved, explain how these solid lattices are held together.
...................................................................................................................................... [2]
(ii) Aluminium has a higher melting point than magnesium.
Suggest why.
...................................................................................................................................... [1]
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(d) Cobalt and nickel are both metals in the d-block of the Periodic Table. Cobalt is placed before
nickel despite having a greater relative atomic mass.

(i) State why Co is placed before Ni in the Periodic Table.

(e) Aluminium reacts with acids, releasing hydrogen gas.

A student reacted 2.025g of aluminium metal with an excess of 1.80moldm™3
hydrochloric acid, HCI.

The equation for this reaction is shown below.
2Al(s) + 6HCl(aqg) —— 2AICly(aq) + 3H,(9)

(i) Calculate how many moles of Al reacted.

ANSWEL = ..iiiieeceeeeeies e e e e e e eeeeeae e e e e e eeeeees mol [1]

(i) Calculate the volume, in dm3, of H,(g) that formed from 2.025g Al at room temperature
and pressure, r.t.p.

1.00 mol of H,(g) has a volume of 24.0 dm?3 at r.t.p.

VOIUME = ..o dm? [2]

(iii) Calculate the volume, in cm3, of 1.80moldm~3 HCI that reacts exactly with 2.025¢ of Al

VOIUME = ..o cm?3 [2]

[Total: 14]
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3 This question looks at reactions of Group 2 elements and their compounds.
(@) The flowchart below shows some reactions involving barium.

Write the formulae of substances A-D in the boxes.

heat
Ba(S) air i (S)
solid A
H20O(1)
HCI(aq)
Ba(OH);(aq) o (aq)
solution B
CO2(9) AgNOg(aq)
.................. (s) crrreeeeeennnnnnn(8)
precipitate C precipitate D

[4]

(b) Barium forms a compound with carbon and oxygen with the following percentage composition
by mass:

Ba, 60.89%; C, 10.67%; O, 28.44%.

Calculate the empirical formula of the compound.

[2]
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(c) The reactivity of the Group 2 elements increases down the group. lonisation energy is one
factor responsible for this trend.

(i) Write an equation, with state symbols, to represent the first ionisation energy of barium.

...................................................................................................................................... [2]
(ii) State and explain the trend in first ionisation energies in Group 2.
...................................................................................................................................... [4]
(d) The Group 2 elements become more reactive down the group.
The Group 7 elements become less reactive down the group.
(i) Explain this difference between Group 2 and Group 7.
...................................................................................................................................... [3]

(ii) A student bubbled chlorine gas through a colourless aqueous solution of potassium
iodide. The solution turned brown in colour.

Explain what has happened. Use an equation in your answer.

[Total: 17]
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4 In this question, one mark is available for the quality of spelling, punctuation and grammar.

Explain the following.

e Sodium atoms are larger than magnesium atoms. [3]
* lodine has a low boiling point but diamond has a high boiling point. [5]
e  Carbon dioxide, methane and water have molecules with different bond angles. [71

© OCR 2009



Quality of Written Communication [1]
[Total: 16]
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