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2
Answer all the questions.

1 Oxygenate is the term given to certain molecules which can be added to petrol to improve its
octane rating. Ethanol is an example of an oxygenate.

(a) Data books quote the standard enthalpy change of combustion of ethanol (AH_®) at a particular
temperature.

(i) What is this standard temperature?

(ii) The equation represents the complete combustion of ethanol at this temperature.
C,H;OH(l) + 30,(g) — 2CO0,@g) + 3H,0() equation 1.1

Use equation 1.1, together with values selected from the table to calculate the standard
enthalpy change of combustion of ethanol.

compound AH®/kJmol?

C,HOH() 278

C,H-OH(g) 235
H,0(g) —242
H,O()) —286
CO,(g) -394

standard enthalpy change of combustion=........................... kdmol~! [4]

© OCR 2009



3

(b) Another oxygenate that has been added to petrol is MTBE. The structure of MTBE is shown
below.

3

H,C —C—L0Y—CH,

CH,

(i) Give the COC bond angle in the MTBE molecule.
Bond angle = .........ccevveenes ° [11

(ii) Explain your answer to (i) in terms of electron pair repulsion.

...................................................................................................................................... [4]
(ili) What homologous series does MTBE belong to?
...................................................................................................................................... [1]
(iv) Give the molecular formula of MTBE.
...................................................................................................................................... [1]
(v) MTBE has a high octane rating. Explain why it is desirable for a fuel to have a high octane
rating.
...................................................................................................................................... [2]

[Total: 14]
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4

Iron is formed in some stars by a series of nuclear fusion processes.

(@ (i)

(ii)

(iii)

An isotope of iron can be formed by the fusion of an isotope of magnesium, 26Mg, and the
silicon isotope, 28Si. Use this information and your Data Sheet to complete the nuclear
equation for the formation of iron from these elements.

26
12

Mg + Si - Fe [2]
The most abundant isotope of iron has a mass number of 56.

Complete the following table to show the atomic structure of this isotope.

isotope 56F¢

number of protons

number of electrons

number of neutrons

[1]

The relative atomic mass of iron is 55.9. Explain why the relative atomic mass of iron is
not a whole number.

(b) Draw a labelled diagram to show the metallic bonding occurring in iron. Explain how the
structure is held together.

© OCR 2009

[4]



5
(c) On Earth, iron at the surface has become oxidised to form various compounds.

(i) Inits compounds iron is normally found as either the Fe* or Fe3* ion.

Write the equation for the third ionisation enthalpy of iron in the space below.

[3]
(ii) One of these compounds is an oxide of iron, found in the ore magnetite. 2.32g of a pure
sample of this oxide were found to contain 1.68g of iron.
Calculate the empirical formula of this oxide.

A Fe, 56; 0, 16

empirical formula = ..........ccccevvviviiiiiiiieeee [3]
(iii)  Another ore, haematite, contains an oxide of iron, Fe,O,.
In a blast furnace Fe,O, reacts with carbon monoxide to produce molten iron and carbon
dioxide.

Write a balanced equation for this reaction.
Include state symbols.

[2]
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(d) Silicon dioxide, SiO,, is usually present as an acidic impurity in haematite.
Limestone, naturally occurring calcium carbonate, is added to remove this impurity.
(i) The calcium carbonate decomposes in a blast furnace to produce calcium oxide and
carbon dioxide.

The calcium oxide reacts with the silicon dioxide to form a salt.

What property of calcium oxide enables it to form a salt with the silicon dioxide?

(ii) The carbonate of another Group 2 metal, magnesium, will also decompose on heating.

Identify X and explain how the following apparatus could be used to show the difference
in thermal stability of magnesium carbonate and calcium carbonate.

N

carbonate

hard-glass
test-tube

© OCR 2009
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(e) Some steel structures are radioactive. Radioisotopes in the steel decay, emitting ionising
radiation.

(i) Name the three main types of ionising radiation.

(ii) Explain, giving your reasons, why workers should not be exposed to this radioactive steel
for long periods of time.

[Total: 25]
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3 Petrol is a blend of many different organic molecules, most of which are hydrocarbons.

(a) Complete the table below showing some of the hydrocarbons found in petrol.

molecular formula skeletal formula type of name
hydrocarbon

ST

CeHg benzene

C5H10

pent-1-ene
M
[5]

(b) Oil companies use processes such as cracking, reforming and isomerisation to meet the
demand for high octane fuels.

(i) Inthe box below, draw the full structural formula of a branched isomer of hexane, C;H

122
which contains two methyl branches.

Name the isomer you have drawn.

[3]

(ii) Which of the processes, cracking, isomerisation and reforming are most likely to have
produced the molecules below from hexane?

Your isomer in (i)

pent-1-ene

7=T 0 Y 1= U [3]

© OCR 2009
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(c¢) Cracking can be carried out in the laboratory by heating petroleum jelly (a mixture of long
chain alkane molecules) and passing the vapour over a hot catalyst.
The gaseous products of the reaction can be collected by displacing water in a test-tube.

Draw a labelled diagram of the apparatus you would use.

[4]
(d) Nitrogen monoxide (NO) gas is formed when hydrocarbons combust in a car engine.

(i) Where does the nitrogen in the NO come from?

(e) Carbon monoxide is also produced in a car engine.

Write a balanced chemical equation for the combustion of hexane, CgH,,, to give CO.

[2]

[Total: 19]
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4  Propellants are used to make rockets fly up into the atmosphere.

(a) The Chinese were the first to use gunpowder as a propellant.
Gunpowder contains potassium nitrate, sulphur and carbon.

(i) One of the main products of the explosion of gunpowder is potassium sulphide, K,S.

Draw a dot-cross diagram for the ionic compound potassium sulphide. Include the
charges on the ions.

[3]
(ii) Gunpowder burns with a lilac (purple) flame.
Analysis of the emitted lilac light showed it to be made up of a set of lines of specific
frequencies — a line emission spectrum.
Explain:

¢ how a line in the emission spectrum forms;
¢ why a set of lines of specific frequencies are formed.

© OCR 2009
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(b) All propellants contain a fuel and an oxidiser. In the Saturn V rocket, which took man to the
Moon, the third stage used liquid hydrogen as the fuel and liquid oxygen as the oxidiser.
These react to form steam as in the equation below:

2Hy(I) + O () — 2H,0(g) AH = —484kJmol™! equation 4.1
(i) The mass of liquid hydrogen carried by the rocket was 1.7 x 107 g.
Calculate the volume of steam produced in dm3. Assume complete combustion takes
place.

Assume one mole of any gas occupies 250dm3 under the reaction conditions.
A:H, 1.0
r ’

Give your answer to two significant figures.

volume of steam produced = ........cccooviiiiiiiiiiiieeeeee dm? [3]

(i) Suggest three reasons why the reaction in equation 4.1 makes a mixture of liquid
hydrogen and oxygen a good propellant.

(iii) In the reaction in equation 4.1, does the entropy increase, decrease or stay the same?
Explain your answer.

[Total: 17]

END OF QUESTION PAPER

© OCR 2009



12

PLEASE DO NOT WRITE ON THIS PAGE

OCR¥

RECOGNISING ACHIEVEMENT

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (OCR) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

OCR is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES),
which is itself a department of the University of Cambridge.

© OCR 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


