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Answer ALL the questions in Section A and Section B.
Write your answers in the spaces provided.

SECTION A

You should aim to spend no more than 55 minutes on this section.

1. The element iodine can be produced from the mineral Chile saltpetre, which contains
sodium iodate, NaIO3.  The iodate ions are converted to iodine in a two-step process.

Ionic equations for the reactions are shown below.

Step 1 IO3
–(aq)  +  3HSO3

–(aq)  → I–(aq)  +  3HSO4
–(aq)

Step 2 IO3
–(aq)  +  5I–(aq)  +  6H+(aq)  → 3I2(aq)  +  3H2O(l)

(a) (i) Describe a test you could carry out to confirm the presence of iodide ions in a
solution.  Indicate the result of the test.

Test .........................................................................................................................

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

Result .....................................................................................................................

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

(ii) Identify the TWO elements in Step 1 which show a change of oxidation number
during the reaction.

Give their initial and final oxidation numbers.

First element ........................................ Second element ...................................

Initial oxidation number ...................... Initial oxidation number .....................

Final oxidation number ....................... Final oxidation number ......................
(3)

(iii) The equation for Step 1 shows that 1 mole of iodate ions, IO3
–, reacts with 

3 moles of hydrogensulphite ions, HSO3
–.  Show that your answers to (ii) agree

with this ratio.

(1)
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(b) An experiment was carried out to determine the concentration of the iodine prepared
in Step 2.

A 10.0 cm3 portion of the iodine solution was titrated with sodium thiosulphate
solution of concentration 0.0100 mol dm–3.  The volume of sodium thiosulphate
solution added at the end-point was 24.0 cm3.

The equation for the reaction is

I2(aq)  +  2Na2S2O3(aq)  → 2NaI(aq)  +  Na2S4O6(aq)

(i) What piece of apparatus would you use to measure out the 10.0 cm3 portion?

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

(ii) Suggest a suitable indicator to show the end-point of this titration.  State the
colour change you would see.

Indicator .................................................................................................................

From ......................................................... to ........................................................
(2)

(iii) Calculate the number of moles of sodium thiosulphate used in the titration.

(1)

(iv) Calculate the number of moles of iodine which reacted with the sodium
thiosulphate solution.

(1)
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(v) Calculate the concentration, in mol dm–3, of the iodine solution.

(1)
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2. The Hess cycle below can be used to estimate the enthalpy change of formation, ∆Hf, of
the unstable gaseous compound with the formula HOCl(g).

(a) (i) Insert formulae, with state symbols, into the appropriate boxes, to show the
correct quantities of each element.

(1)

(ii) Use the cycle to calculate a value for the enthalpy change of formation,
∆Hf[HOCl(g)].

(1)

(iii) Assuming that the H—O bond energy is +464 kJ mol–1, calculate a value for the
O—Cl bond energy.

(1)

*N22212A0616*
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(b) (i) Draw a ‘dot and cross’ diagram for the HOCl molecule showing outer electrons
only.

(2)

(ii) Predict the HOCl bond angle.  Justify your answer.

Angle .....................................................................................................................

Justification  ...........................................................................................................

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

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

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

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

(c) HOCl(g) can be made from chlorine(I) oxide by the reversible reaction

Cl2O(g)  +  H2O(g)  2HOCl(g)

What effect, if any, would an increase in pressure have on the proportion of HOCl(g)
at equilibrium?  Justify your answer.

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

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

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

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

Turn over
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3. Two reactions of a chloroalkane, X, are shown below.

(a) The chloroalkane X can be used to make propan-2-ol in Reaction 1.

(i) Name and draw the displayed formula of the chloroalkane X.

Name ......................................................................................................................

Displayed formula

(2)

(ii) Reaction 1 is an example of nucleophilic substitution.  The nucleophile is the
hydroxide ion.  Use the diagram below to show how it is able to attack the
chloroalkane X.

(2)

(b) (i) What type of reaction is Reaction 2?

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

(ii) Give the reagent and conditions needed for this reaction.

Reagent ..................................................................................................................

Conditions ..............................................................................................................

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

*N22212A0816*
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(c) Propan-2-ol has a higher boiling point than both the chloroalkane X and propene.

(i) Name the strongest intermolecular force between propan-2-ol molecules.

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

(ii) Draw a diagram to show this force between two propan-2-ol molecules.  Clearly
mark and label the bond angle between the molecules.

(2)
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(d) Propene, CH2=CHCH3, can be polymerised forming poly(propene).

(i) Draw a section of the poly(propene) polymer chain formed from two monomer
units.

(2)

(ii) Explain, in terms of intermolecular forces, why poly(propene) is a solid at room
temperature.

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

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

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

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

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

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

(iii) Suggest ONE advantage of using poly(propene), rather than natural fibres such
as jute or hemp, to make ropes and nets.

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

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

................................................................................................................................
(1)
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4. (a) The molecule isoprene has the displayed formula

(i) Give the systematic name of isoprene.

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

(ii) What colour change occurs when aqueous bromine solution is added to isoprene?

From ......................................................... to .........................................................
(1)

(iii) State the type and mechanism of this reaction.

Type  ................................................. Mechanism .................................................
(2)

(iv) Suggest the displayed formula of the product formed when excess bromine reacts
with isoprene in the dark.

(1)

(b) Compound Q, an isomer of isoprene, has the structural formula
CH2=CHCH2CH=CH2.

(i) Give the name of the intermolecular force present in both isomers.

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

(ii) Which isomer would you expect to have the higher boiling point?  Justify your
answer.

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

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

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

TOTAL FOR SECTION A: 45 MARKS
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SECTION B

You should aim to spend no more than 35 minutes on this section.  The passage needed
for this section is provided on a separate sheet.

Read the passage on ‘BUILDING A BETTER BLEACH – A GREEN CHEMISTRY
CHALLENGE’ straight through and then more carefully.  Answer the following questions.

5. (a) Name sodium hypochlorite, NaOCl, using Stock notation.

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

(b) Explain what is meant by a free radical.

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

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

(c) TAMLs can act as catalysts in the peroxide bleaching process.  Explain how catalysts
increase the rate of a reaction.

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

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

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

(d) Describe the THREE key features of an environmentally benign process.

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

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

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

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

(e) Suggest why accumulation of dioxins in the food chain may be harmful to people.

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

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

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

*N22212A01216*



Leave
blank

13

(f) Describe in no more than 100 words:

• How solid non-chlorine bleaches can remove stains.

• The advantages and disadvantages of solid non-chlorine bleaches in industrial
processes.

• Two industrial uses of solid non-chlorine bleaches.
(8)

You are NOT asked to summarise the whole passage, nor to include equations in your
summary.  At the end of your summary state the number of words you have used.

Credit will be given for answers written in good English, using complete sentences and using
technical words correctly and chemical names rather than formulae.  Avoid copying long
sections from the original text.  Numbers count as one word, as do standard abbreviations,
units and hyphenated words.  Any title you give your passage does not count in your word
total.

There are penalties for the use of words in excess of 100.

START YOUR SUMMARY ON PAGE 14
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