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SECTION A

Answer ALL parts of this question in the spaces provided.

1. Potassium is obtained from the mineral carnallite, KClMgCl2.xH2O, where x is the
number of molecules of water of crystallisation.

(a) The value of x can be found by dissolving a known mass of carnallite in water,
precipitating all the chloride ions as silver chloride, and weighing the precipitate.

A sample of pure carnallite of mass 5.55g was dissolved in water.  An excess of
aqueous silver nitrate in dilute nitric acid was added.  The precipitate of silver
chloride, AgCl, was filtered, washed and dried.  It had a mass of 8.61g.

(i) Write the ionic equation, with state symbols, for the precipitation reaction
forming silver chloride.

(1)

(ii) Explain why an excess of silver nitrate was used.

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

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

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

(iii) Calculate the molar mass of carnallite and hence the number of molecules of
water of crystallisation.

(6)
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(b) Describe, with essential practical details, how you would distinguish between a
sample of carnallite and a sample of rock salt (sodium chloride) using a flame test.

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

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

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

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

TOTAL FOR SECTION A: 10 MARKS
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SECTION B

Answer TWO questions from this section in the spaces provided.
If you answer Question 2 put a cross in this box      .

2. The structure of limonene [molar mass = 136 g mol–1] is

(a) (i) Limonene is a chiral molecule found in oil of orange and oil of lemon.  Refer to
its structure to explain why the molecule is chiral.

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

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

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

.................................................................................................................................
(2)
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(ii) Some reactions and extraction processes can destroy the optical activity of the
product.
Give the mechanism for the following reaction and hence explain why the
reaction, if performed on a single optical isomer, would produce a mixture that
was no longer optically active.

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

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

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

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

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

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

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

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

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

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

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

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

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

................................................................................................................................
(7)
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(b) Limonene can undergo the following conversions.

(i) Explain whether or not compound A and pulegone could be distinguished by 
simple chemical test tube reactions.

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

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

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

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

(ii) Explain whether or not compound A and pulegone could be distinguished using
proton N.M.R. spectroscopy.  You are not expected to say what the spectra might
look like.

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

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

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

................................................................................................................................
(2)
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(iii) What particular features would enable the IR spectra of menthol and compound
A to be distinguished?

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

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

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

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

(c) (i) In the reduction of limonene to menthane using hydrogen and a platinum
catalyst, 0.68g limonene reacted with 240cm3 of hydrogen.  Show that this is
consistent with the given structure of limonene.
[Molar volume of a gas at the temperature and pressure of the experiment is 
24dm3.]

(3)

(ii) If compound A were reacted with lithium aluminium hydride in dry ether,
explain whether or not menthol would be the product.

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

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

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

................................................................................................................................
(2)
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If you answer Question 3 put a cross in this box     .

3. Ozone is important not only for its protective effects from ultraviolet radiation in the
stratosphere, but also for water and sewage treatment.  It is usually produced as a mixture
with oxygen called ozonised oxygen.

(a) The amount of ozone in ozonised oxygen can be determined by using the ozone to
oxidise iodide ions and titrating the liberated iodine in excess potassium iodide with
standard sodium thiosulphate solution:

O3 + 2I– + H2O → O2 + I2 + 2OH–

I2 + 2S2O3
2– → 2Ι– + S4O6

2–

10 dm3 of ozonised oxygen was shaken repeatedly with a solution of potassium 
iodide.  The liberated iodine required 40.0 cm3 of 1.00 mol dm–3 sodium thiosulphate
solution for reduction.

What was the percentage by volume of ozone in the ozonised oxygen?
[The molar volume of ozone at the temperature and pressure of the experiment is 
24 dm3].

(5)
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(b) Ozone can decompose to oxygen:

2O3 → 3Ο2 ∆H = –246 kJ

(i) The reaction is slow in the absence of a catalyst.  Use this fact and information 
from the equation to explain the difference between thermodynamic and kinetic
stability.

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

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

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

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

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

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

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

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

(ii) Sketch a Maxwell-Boltzmann distribution of molecular energies for a gas and
use it to explain how a catalyst increases the rate of a gas-phase reaction at a 
given temperature.

(5)
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(c) The alkene C4H8 has several isomers.  Ozone can be used to distinguish these since
it reacts with C=C bonds to give a mixture of carbonyl compounds, which are easily
identifiable:

A particular sample of C4H8 gave the following results:

A does not react with iodine and sodium hydroxide but does with ammoniacal silver
nitrate solution.  Use this information to deduce the structure of C4H8.

(6)

*nxxx25A01016*

C=C
a

b

d

e
C=O + O=C

a

b

d

e
+ O3

C4H8                   C3H6O + CH2O
A

Q3

(Total 20 marks)



Leave
blank

11

If you answer Question 4 put a cross in this box     .

4. (a) Aluminium extraction requires the production of pure aluminium oxide from bauxite,
which is a mixture containing aluminium oxide, iron(III) oxide and silicon dioxide.
Bauxite is crushed finely and treated with 10% aqueous sodium hydroxide solution;
this gives a solution containing only sodium aluminate.  An older process used much
more concentrated sodium hydroxide solution, but this is now no longer used.

(i) State the acid-base characteristics of each of the oxides in bauxite.

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

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

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

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

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

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

(ii) Write an equation for the formation of sodium aluminate from aluminium oxide
and sodium hydroxide.

(2)

(iii) The use of the more concentrated sodium hydroxide solution gave a final
solution that was less pure than that found with the modern process.  Suggest
why this is so.

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

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

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

................................................................................................................................
(2)
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(b) (i) Draw the structure of anhydrous aluminium chloride [molar mass = 267 g mol–1]
so as to show the shape of its molecules and the bonding present.

(3)

(ii) Explain why an aqueous solution of aluminium chloride is acidic.

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

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

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

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

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

................................................................................................................................
(3)
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(c) Thallium, Tl, is the element with the largest atomic number in Group 3.  Thallium is
known to form compounds in which it has oxidation states of +1 and +3.

Two structures have been proposed for the compound TlI3:
• thallium in oxidation state +3 combined with three I– ions
• thallium in oxidation state +1 combined with the I3

– ion.

The I3
– ion dissociates according to the equilibrium

I3
– I2 + I–

(i) Explain the term oxidation state.

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

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

(ii) In a determination of the structure of TlI3, 0.585 g of the compound gave 0.235 g
of silver iodide after suitable treatment with silver nitrate solution.  Show that the
oxidation state of thallium in TlI3 is +1.

(4)
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(iii) In the presence of a large excess of iodide ions TlI3 reacts to form [TlI4]–, which
is a complex of Tl +3:

TlI3 + I– → [TlI4]–

What is the oxidising agent in this reaction?  Give reasons for your choice.

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

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

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

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

TOTAL FOR SECTION B: 40 MARKS
TOTAL FOR PAPER: 50 MARKS
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