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This month the Canadian Space Agency should be launching a satellite mission to monitor
the chemical processes that control the distribution of ozone in the atmosphere. It will focus
on the Arctic winter stratosphere (upper atmosphere). The satellite uses the Sun as a
source of infrared, visible and ultraviolet radiation. It will measure how much of each
wavelength in these ranges is absorbed by the stratosphere.
(a)

(i) Describe what can happen to molecules when they absorb infrared radiation and
ultraviolet radiation.

(In this question, 1 mark is available for fhe quality of written communicafion.)

(ii) Previous experiments have shown that in winter the concentration of ozone in the
stratosphere falls. The infrared spectrum of ozone contains a peak at 2105cm-I.

The diagram below shows how this peak looks in the summer.
On the diagram below, draw a peak to represent how this part of the infrared
spectrum would appear in winter.

(b) The Canadian scientists plan to monitor the concentrations of about 30 different gases,
such as CF2C$, in the atmosphere. Some of these gases may break down to produce
radicals. Radicals can lead to the thinning of the ozone layer.

(i) What is a radical?
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(ii) CF,CI, can break down in the stratosphere to form radicals. Describe how this
occurs.

(iii) When CF,CI, breaks down in the stratosphere, chlorine radicals are produced but
not fluorine radicals. What is the reason for this difference?

(iv) Chlorine radicals can have a catalytic effect on the destruction of ozone. Complete
the two equations given below to show this. Underneath, write the overall equation.

CI + O3

-+
-+

0,

+ C1

overall
equation
(c) The molecule CI,O is also present in the stratosphere.

(i) Draw a diagram to show the shape of the molecule.

(ii) Use the electronegativity data given below to deduce the polarity of the Cl-0 bond.

Now use the shape you have drawn for the ChO molecule. Decide whether CI,O is
a polar molecule or not. Give your reasoning.
CZ, 3.21
[Electronegativity 0,3.4;
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Two halogen-containing polymers in everyday use are PVC, poly(chloroethene), and PTFE,
poly(tetrafluoroethene). PTFE, marketed as 'Teflon', was discovered by accident.

(a) Name another polymer that was discovered by accident.

(b) PVC and PTFE are both formed by the same type of polymerisation reaction. Name this
type of reaction.

(c) The mechanism for this type of reaction involves radicals. The reaction is started by .
adding a small amount of chemical initiator. Use your knowledge of radical mechanisms
to suggest why only a small amount of initiator is needed to bring about complete
polymerisation.
$

(d) Radical polymerisations are highly exothermic and very rapid. One way to slow the
reaction down is to carry out the polymerisation at a lower temperature.

Explain, in terms of collision theory and activation enthalpy, why lowering the
temperature of a reaction leads to a drop in its rate of reaction.
(In this question, 1 mark is available for the quality of written communication.)

(e) Chloroethene has the formula CH
,C
,L
PVC, poly(chloroethene).

Draw the structure of the repeating unit for

I
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(f)

Both polymers can be used to make solid rods. The rods from PVC are rigid whereas
the PTFE rods are flexible. Explain this difference in terms of the arrangement and
behaviour of the polymer chains.

(g) Chloroethene, C,H,CI
products.

reacts with hydrogen bromide to form a mixture of two organic

(i) Give the structural formulae of the two organic products formed in the reaction.

PI
(ii) What method would you use in the school laboratory to show that two organic
products were present?

............................................................................................................................[1I
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Bromomethane gas is used as a fumigant to protect young plants 'against insects and
rodents. Bromomethane is highly toxic to humans.
(a) Safety regulations state that concentrations above 5 ppm (by volume) of bromomethane
are harmful.
(i) The volume of air in a laboratory is 5 x 105dm3.Show that the maximum allowed
volume of bromomethane in the laboratory to stay within the safety regulations is
2.5 dm3.

(ii) Estimate the number of bromomethane molecules present in 2.5dm3 of
bromomethane.
[ I mole of gas molecules at room temperature and pressure occupy 24.0 dm3.
Avogadro constant = 6.02 x 1o ~ ~ ~ o I - ~ ]
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(b) Bromomethane is slightly soluble in water but completely miscible with most organic
solvents.
What type of intermolecular force between bromomethane and water molecules 'is
responsible for the solubility of bromomethane in water?

(c) Bromomethane, CH3Br, is made by treating methanol with hydrobromic acid (HBr).
(i) Write a balanced equation for this reaction. Use full structural formulae for the
organic compounds.

I

(ii) In this reaction, bromide ions (from HBr) attack the carbon atom in methanol.
Classify the mechanism for the reaction by underlining two words from the list
below.
electrophilic

elimination

nucleophilic

radical

substitution

I
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(d) A student thought that iodomethane might be safer to use as a fumigant than
bromomethane. lodomethane is a volatile liquid whereas bromomethane is a gas.
(i) Use this information to decide which of these two halogenoalkanes has stronger
intermolecular forces. Give the reason for your choice.

(ii) Explain why the strengths of the instantaneous dipole-induced dipole forces are
different in the two halogenoalkanes.

(e) The student remembered that iodoalkanes are more rapidly hydrolysed than
bromoalkanes. To show this she set up two test tubes each containing aqueous silver
nitrate and ethanol. She added a few drops of iodomethane to one and at the same
time a few drops of bromomethane in ethanol to the other. Both test tubes were then
placed in a water bath at 60°C. In these reactions halogenoalkanes are hydrolysed by
water, forming halide ions.

(i)What would the student see as the two reactions progressed?

(ii) Suggest why ethanol is added to the aqueous silver nitratehalogenoalkane mixture.

(iii) Write an ionic equation to show how silver ions react with iodide ions. Give state
symbols.

(iv) Use the bond enthalpies given below to explain why iodomethane hydrolyses more
rapidly than bromomethane.
[E(G-Cl) = +290 kJ mol-I ; E(C-I) = +228 kJ mol-I]
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