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Answer all the questions.

Myrcene is a naturally-occurring oil present in bay leaves. It can be used in perfumes to give a
spicy character. The structure of myrcene is shown below.

HyC CH CH, CH
c CH, c CH,
I || myrcene
CH, CH,

(a) Name the functional group present in myrcene.

(b) Information about the structure of myrcene can be obtained by reacting it with bromine to
produce the saturated organic compound A.

(i) State the colour change you would see when bromine reacts with myrcene.

(ii) Circle two words from the following list that best describe what is happening in the
reaction of myrcene with bromine.

addition electrophilic elimination nucleophilic radical substitution

[2]

(iif) Write a balanced equation for the reaction of myrcene, C,,H,,, with bromine to produce
the fully saturated compound A. Use the molecular formulae of the molecules.

-

[2]

(c) Myrcene can be used to make linalool, which is used for flavouring foods. The structure of
linalool is shown below.

OH
H4C CH CH, l CH
c CH, Cc CH,
| | linalool
CH, CH,

(i) Name the molecule that would need to be added to myrcene to form linalool.
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(ii) The linalool molecule contains an alcohol functional group. Is this alcohol group primary,
secondary or tertiary? Explain your answer.

(iii) What, if anything, would you expect to happen if linalool were heated with acidified
potassium dichromate(VI) solution? Explain your answer.

(d) Linalool could be converted back to myrcene.

(i) What type of reaction would need to be carried out to convert linalool back to myrcene?

(e) When products containing myrcene are stored for long periods, they can become cloudy. This
is because the myrcene forms a polymer. Using the structure

X\C:C/H
H/ \H

to represent a molecule of myrcene, draw the structure of the repeating unit of the polymer.

[1]
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(f) In this question, one mark is available for the quality of the use and organisation of scientific
terms.

Compound C is an isomer of myrcene. It has the structure shown below.

CH CH, CH CH CHj,
P YN N O N
H,C CH CH CH, CH
compound C
H;C CH CH, CH\
N o N NN,
l ” myrcene
CH,4 CH,

Both compound C and myrcene have instantaneous dipole—induced dipole forces of attraction
between their molecules. Compound C has a higher boiling point than myrcene. Explain this
in terms of intermolecular forces.

In your answer you should refer to:

e how instantaneous dipole—induced dipole forces arise;

e how these forces can be used to account for the higher boiling point of compound C
compared to that of myrcene.

Quality of Written Communication [1]

[Total: 23]
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Natural mineral water contains a range of dissolved minerals. Sparkling mineral water can be
produced by pumping pressurised carbon dioxide into the water.

(a) The following equations show the reactions that occur when carbon dioxide dissolves in the
mineral water.

CO,(g) = CO,(aq) equation 2.1
CO,(aq) + H,0(l) = HCO,(aq) + H*(aq) equation 2.2

(i) Use Le Chatelier’s principle to explain the effect that the high pressure of the carbon
dioxide gas in equation 2.1 has on the concentration of dissolved carbon dioxide.

(ii) In a bottle of sparkling mineral water a dynamic equilibrium is established between the
gaseous and aqueous carbon dioxide. Explain what is meant by the terms dynamic and
equilibrium.

(iii) Use equation 2.2 to explain why the water becomes more acidic as the concentration of
dissolved carbon dioxide increases.

(b) A student decides to analyse a mineral water sample to check the amount of dissolved
sulphate ions (8042‘) it contains.

(i) The student adds barium chloride solution to the water to precipitate out the sulphate
ions as barium sulphate. Write the ionic equation that describes the precipitation of the
barium sulphate, showing state symbols.

[2]
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(ii) The student collects the barium sulphate by vacuum filtration. This is then dried and
weighed. Draw a labelled diagram of the vacuum filtration apparatus.

[2]
(ili) From his results, he calculates that the mineral water contained sulphate ions at a
concentration of 7.4 x 10> moldm=3. When he compares this with the label on the bottle,
he finds the information is quoted in gdm™3. Calculate the concentration of sulphate ions
in the water in gdm~3. Give your answer to two significant figures.

Ar: S, 32; 0, 16.

CONCENTIation = .....cceeveeeeeeeeeeeeeeeeee e, gdm™3 [3]
(c) The mineral water also contains trace amounts of iron(Ill) ions, Fe3t.

(i) The iron(II) ions are hydrated in solution. Draw a diagram to show how water molecules
surround an iron(III) ion, showing charges and partial charges.

[3]
(ii) Complete the electron configuration for an iron atom.
1522522p%3s23pb
2]
[Total: 18]
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Scientists have worked out how the atmosphere of the Earth is likely to have changed in
composition since the Earth formed. Some of this information has come from the analysis of air
bubbles that have been trapped in Antarctic ice.

(a) Early in the Earth’s history the atmosphere is thought to have contained large amounts
of methane and carbon dioxide. These are present in our current atmosphere in small
percentages.

(i) Name the two most abundant gases in the troposphere (lower atmosphere) today.

(ii) Our troposphere also contains some trace components that are pollutants. These include
some compounds of nitrogen and of sulphur. Complete the table below to show one
nitrogen compound and one sulphur compound each of which results from a different
human activity.

name of pollutant human activity

nitrogen
compound

sulphur
compound

[4]

(b) Today, the Earth’s atmosphere contains relatively small amounts of methane. The atmosphere
also contains small amounts of chloromethane, which is given off during forest fires. If
this chloromethane reaches the stratosphere (upper atmosphere) it is responsible for the
breakdown of some of the stratospheric ozone. This happens when chlorine radicals are
produced from the chloromethane molecule.

(i) What is meant by the term radical?

(ii) Write the balanced chemical equation for the production of a chlorine radical from a
chloromethane molecule.

[2]

(iii) The chlorine radical is a homogeneous catalyst for the breakdown of ozone. Explain why
this catalysis is classified as homogeneous.
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(iv) The presence of a catalyst makes a reaction go faster because it provides an alternative
route with a lower activation enthalpy. Explain what is meant by activation enthalpy.

(v) State what happens to the rate of a reaction if the temperature increases. Explain this
change in terms of the reacting particles.

(vi) The energy needed to break one C-CIl bond, and so form a chlorine radical, is
7.69 x 107194,

Calculate the minimum frequency of radiation needed to form a chlorine radical.

Planck constant, h = 6.63 x 10734JHz!

MINIMUM freQUENCY = ... Hz [2]

(vii) Suggest why chlorine radicals are not produced from chloromethane molecules in the
troposphere (lower atmosphere).

© OCR 2007 [Turn over
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(c) One way to analyse the air bubbles from Antarctic ice is to use infrared spectroscopy. This
process involves passing infrared radiation of known frequencies through the gas mixture and
measuring the amount of radiation that is absorbed at each frequency value.

(i) The air must be dried before it can be put into the infrared spectrometer. Name a drying
agent that could be used.

(ii) Explain why molecules absorb infrared radiation of specific frequencies.

(iii) The following chart shows the radiation given off from the surface of the Earth and
indicates the range of frequencies that are absorbed by carbon dioxide.

frequency/104Hz ———»
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Use this information to explain how carbon dioxide contributes to the greenhouse effect
that keeps the Earth’s atmosphere warm.

[Total: 24]
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In the 1990s, British water companies started to use a new process for purifying water for domestic
supplies. They introduced an extra step in the purification process that involved treating the water
with ozone.

ozonation then |
adsorption of >  chlorination | 10 SUPP A
products

raw water| removal of solid N
impurities

(@) What process would be used to remove the solid impurities in the first stage of this
purification?

(b) The ozone for this water treatment is produced by the action of a powerful electrical discharge
on the oxygen molecules, 02, contained in the air. Write the overall balanced equation for the
production of ozone, O, from oxygen molecules.

-

[1]

Ozone for water treatment cannot be used for lasting protection as it decomposes quickly. For this
reason, purification plants using ozone add a trace of chlorine to water as it is put into distribution.

(c) Some of the bacteria present in water are able to convert dissolved sulphates into hydrogen
sulphide gas. The chlorine is also used to remove this unpleasant smelling impurity.

The reaction equation is given below.
H,S(g) + CL(aq) — 2HCl(aq) + S(s) equation 4.1

(i) Write down the oxidation states of chlorine before and after the reaction.
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(d) The concentration of chlorine in drinking water can be monitored by testing water samples.
Excess potassium iodide is added to a 1000cm? sample of water. The iodine that forms is
reacted with sodium thiosulphate solution of a known concentration.

(i)

(ii)

(iif)

(iv)

© OCR 2007

Complete equation 4.2 below for the reaction between chlorine molecules and iodide
ions. Explain why this reaction happens by reference to the reactivity of halogens.

Cl(aq) + 2I7(aq) —

equation 4.2

Write a half-equation that shows what happens to the chlorine molecules in equation 4.2.

%

[2]

The ionic equation for the reaction between iodine and sodium thiosulphate is given
below.

I,(ag) + 25,0,7(aq) —> 2I(aq) + S,04>(aq) equation 4.3

The iodine formed reacts with 14.0cm3® of 0.00100moldm= sodium thiosulphate
solution.

Calculate the number of moles of sodium thiosulphate, Na,S,0,, used in the reaction.

number of moles of Na,S,04 = .o [2]

Name the piece of equipment that would be used to add the sodium thiosulphate
solution during the titration.
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(v) Use your answer to (iii) to calculate the number of moles of iodine molecules, I,,, used in
the reaction in equation 4.3.

number of moles of I, = ..o [1]

(vi) Use your answers to (i) and (v) to write down the number of moles of chlorine molecules
in the sample.

number of moles CL, = ..., [1]

(e) Chlorine concentrations in water are not allowed to rise above certain levels. Suggest one
reason why the concentration of chlorine in water is kept very low.

(f) Large amounts of chlorine are manufactured each year. Water treatment is one of the major
uses for chlorine. State one other large-scale use of chlorine, apart from water treatment.
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(g) One reason for the new treatment of water with ozone was the concern that domestic water
supplies were being contaminated with halogenoalkanes, such as CHCL,. These form when
plant matter decays. The organic compounds then enter the river water. Ozone breaks down
these organic contaminants.

(i) Give the systematic name for CHCL,.

(ii) The C-Clbond is polar. On the diagram of the CHCL; molecule shown below, mark the
partial charges on the C and Cl atoms.

Cl

|

H—C—Cl

|

Cl
[1]

(iif) Draw a diagram to represent the shape of a molecule of CHCL,.

[1]

(iv) In this question, one mark is available for the quality of spelling, punctuation and
grammar.

e  Explain why the molecule CHCL,; has the partial charges you have shown in (ii).

e Describe the shape you drew in (iii) and explain whether or not this leads to an
overall permanent dipole for the molecule.

Quality of Written Communication [1]

[Total: 25]
END OF QUESTION PAPER
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