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1.

Answer ALL the questions. Write your answers in the spaces provided.
SECTION A

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

This question is about the manufacture of bromine from bromide ions found in seawater.

(a) In the first step, chlorine gas is bubbled into acidified seawater. This converts the

bromide ions to bromine. The low pH prevents hydrolysis of the liberated bromine.

(i) Complete and balance the equation for the hydrolysis of bromine with water
which is a disproportionation reaction.

Bry(aq) + H,O() = ... H'(aq) + oo, F o

(i11) Explain, wusing oxidation numbers, why this reaction is known as
disproportionation.

(iv) Write the ionic equation, including state symbols, for the reaction of chlorine gas
with bromide ions.

2
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(b) In the second step, air is blown through the reaction mixture to remove the bromine
as a vapour which is then mixed with sulphur dioxide gas and water vapour.
The unbalanced equation for this reaction is
Br, + HzO + SOz — H" + Br + SO427
(1) Identify the elements which are oxidised and reduced and give their oxidation
numbers.
Element oxidised ...
Oxidation number mitial ..o final ..o
Element reduced ...
Oxidation number mitial ..o final ..o
(2)
(i1) Using this information, or otherwise, balance the equation.
Brz + Hzo + SOZ e d H™ + Br + SO427
1)
(¢c) These two steps produce a much more concentrated solution of bromide ions.
What test, other than reacting it with chlorine, could you carry out to show the
presence of bromide ions in this solution? Give the positive result expected.
ST ettt ettt e st e s e
RESUIL .ttt sttt et sttt sttt
(2)
(d) The hydrobromic acid solution, produced in the second step, is treated with chlorine
in the presence of steam which produces bromine gas. This is condensed and then
purified.
(1) There are two main impurities in the liquid bromine, one of which is water.
Suggest the other.
1)
(i) Suggest TWO steps you would use to obtain pure dry liquid bromine.
@ | ot
(Total 15 marks)
J
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2. This question is about the manufacture, properties and uses of methanol.
Methanol is manufactured from synthesis gas, a mixture of carbon monoxide,
carbon dioxide and hydrogen.
80 years ago, plants making methanol used pressures of about 200 atmospheres and a
temperature of 400 °C.
Today, modern plants operate at a pressure of 100 atmospheres, a temperature of 270 °C
and with a copper catalyst.
(a) Suggest TWO possible sources of synthesis gas from raw materials containing both
carbon and hydrogen.
(0))
(b) In the modern plant, what is the operating temperature in Kelvin?
0y
(¢) (1) Draw a ‘dot and cross’ diagram for methanol. Show outer shell electrons only.
()]
(i1)) Draw the displayed formula of methanol.
Label and give the values of TWO different bond angles.
(2)
4
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(d) The main reactions involved in the conversion of synthesis gas to methanol in both
methods are

CO(g) + 2H,(g) = CH30H(g) AH = —91 kI mol™!
CO,(g) + 3H,(g) = CH;0H(g) + H,O(g) AH = —49kJmol!

Compare the old and the new methods by considering their operating conditions.
Discuss ONE advantage of the old method and THREE advantages of the new

method. Justify your answers.

(1) Advantage of old method.

1)

(i1)) Advantages of new method.
AVANTAZE 1 oottt e ba e b eneenneas
AVANTAZE 2 oottt et ettt b e et e e e b e e be e e nb e e raeeabeensaennnas
AVANTAZE 3 oottt et et e e be e e b e e baeeabeeneennns
3
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(¢) A methanol molecule has 18 electrons in total.

(i) Give the name and formula of a hydrocarbon with the same number of
electrons.

Formula

0y

(i1)) Which intermolecular force depends to a large extent on the number of electrons
present?

(i1i1)) Would you expect methanol or your hydrocarbon in (e)(i) to have the higher
boiling point? Justify your answer.

(iv) Draw a diagram to show the strongest intermolecular force between TWO
molecules of the compound with the higher boiling point.
Indicate and give the value of the bond angle between these two molecules.

()
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(f) One use of methanol is as a fuel.
(1) Write the equation, including state symbols, for the complete combustion of
methanol.
(2)
(i) Suggest ONE reason why methanol might be preferable to petrol as a fuel.
1 Q2

(Total 17 marks)
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3. This question concerns the compounds and reactions shown in the following reaction

scheme.
CH; H CH, H CH; H
| | Step 5 AN / Step 1 | |
c—=C <~ Cc=C —— H—C—C—H
| | 7N | |
H H|, H H Cl H
E A B
TStep 4 Step 2
CH; H CH; H
| | | |
HC CH <> pgc c=H
| | | |
Br H OH H
D C

(a) From the compounds, A to E, state

(1) which is a member of the same homologous series as pent-1-ene.

1)
(i1)) which are described as secondary compounds.
(2)
(b) Give the systematic name for
(1) comPOUNd D ..ooeeiiiiiii et
1)
(11) comMPOUNd E....oocviiiiiiiiiiiiiiieeee et
1)
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(¢) (i) What reagent and conditions would you use for step 4?
REAZENT ..ottt e e e s e e

CONAILIONS ettt e e e e et e e e e e e e e e e e e e eeeeeeeeeaa e aaeeeeeeeeeaanaaaaaaeas

(11)) What type of reaction 1S thiS? .........ccccciiiiiiiiiiiieeiiie e e
1)

(d) Compound B could be made from chlorine and propane in the presence of sunlight.

(i) Write an equation to represent the initiation step in this chain reaction.

()

(i) Write an equation for the overall reaction to produce B in this way.

ey
(ii1) Another possible product of this reaction has the following structural formula.

H;C—CH—CH
|

H;C—CH—CHj;

Name this COMPOUNA ......eoeiiiiiiiiiiiii e

Suggest how this compound formed in the reaction mixture.

Name the type of step involved in its formation.

(Total 13 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.

4. Read the passage on RADON: NOT SO NOBLE? straight through and then more
carefully. Answer the following questions.

(a) (i) What TWO things do all isotopes of the same element have in common?

(b) Suggest why radon is more hazardous than the other decay products of thorium,
uranium and actinium.

(c) By considering the forces between radon particles and between water particles, why
is it surprising that the passage says that radon is soluble in water?

Leave )
blank
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(d) (i) The volume of a normal breath when resting is about 3 dm°.

How many gas particles are breathed in when you take a normal breath?
[Molar volume of a gas is 24 dm? at room temperature and pressure.
The Avogadro constant, L = 6.0 x 10%]

0y

(i1) In an average house, what percentage of the particles inhaled in a single breath
are radon?

Oy

(¢) Summarise the ways in which radioactivity caused by radon can get into your home

and how the risk of developing lung cancer as a result can be reduced. Use no more
than 100 words.

®

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. You
should write your summary on the lined pages provided in this question paper.

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 12

Leave )
blank
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(Total 15 marks)
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6252/01 - Unit Test 2

RADON: NOT SO NOBLE?

There are three naturally occurring isotopes of radon which result from the decay of thorium, uranium
and actinium. In addition, there are 26 isotopes which have been produced artificially. The most stable

isotope is %42Rn which has a half-life of 3.28 days and decays by emitting a-particles.

Artificial radiation contributes only 13% to the total in the UK. 12% of this is from medical sources
such as X-rays for the examination of our lungs, teeth and broken bones. This means that 87% of our
total radiation dose comes from naturally occurring sources in the Earth’s crust, and enters the air, our
food and water. Of this, 51% comes from radon. Food and drink account for a further 10%. Other
sources of natural radiation are y-rays (14%) and cosmic rays (10%).

In the uranium-238 decay series, all of the decay fragments are both radioactive and solid and remain in
the soil apart from radon-222. If the radon gas decays in the ground, it forms daughter products, which
are solid and thus remain in the ground. However, some radon gas may escape through cracks in the
rocks and soil. This gas, and its decay products, are normally diluted in the atmosphere, and thus pose
no significant danger. However, if radon collects in enclosed spaces it may be a health risk.

It was first recognised in the 1920s that radon was probably associated with the high rate of lung cancer
in groups of metal miners. In recent years, there has been concern about the risk of lung cancer because
radon is thought to build up in houses. The gas could be produced by the building materials, particularly
if the building is made of granite. However, the radon that enters through cracks or through porous
building materials from the ground, is thought to pose a much more serious problem. Furthermore,
since radon is soluble in water it may travel considerable distances underground. Radon may also enter
houses through the drains.

The levels of radon in houses vary from month to month throughout the year, being lowest in the
summer and highest in the winter. This is probably related to having more windows open in summer.
Similarly, the level also increases with the time of day, building up during the night.

It is estimated that in a room in an average house, each breath of air inhaled contains 3000 atoms of
radon. Most of these atoms are breathed out again, so no harm is done. However, some may dissolve
in the blood and a few radon atoms will decay and give off a-radiation which may be harmful to the
lungs.

When radon decays in the air, the daughter products formed are solids and are absorbed onto dust or
smoke particles which remain in the air. When these particles are breathed in, they stick to the moist
surface of the bronchi and lungs emitting a-radiation over a longer time.

Although about 2800 deaths per year in England and Wales can be attributed to radon-induced cancer,
you are 96 times more likely to die from a heart attack or stroke.

The amount of radon building up in a house can be reduced by improving the ventilation, provided that
the replacement air is drawn from the outside and is not drawn up through the floor. Paradoxically, the
use of extractor fans may aggravate radon problems by drawing more gas from the ground. The use of
coal fires gives excellent ventilation with up to four room changes of air per hour, whereas with modern
central heating the trend is to keep houses sealed up.

N26042A 2



There are several ways of limiting the amount of radon entering a house. Where the ground floor is
suspended timber, it can be sealed by using a polythene sheet or hardboard to prevent air being sucked
in through cracks. The ventilation beneath the floor can be improved by adding more air bricks or an
extractor fan.

Don’t panic. Devon and Cornwall are by far the most affected counties in the UK but estimates for these

two counties suggest only 1000 — 2000 houses exceed the potentially dangerous level of radiation.
(691 words)

(Source: adapted from Radon: not so noble? by JD Lee and TE Edmonds. Education in Chemistry, November 1991)
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