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Answer all the questions.

Alkenes are important in the chemical industry. Simple alkenes occur naturally and form a small
percentage of the hydrocarbons in crude oil.

(@) Name the process used to separate individual groups of hydrocarbons in crude oil.
On which property of the hydrocarbons does this process depend?

NAME Of PIOCESS ...eeiiiiiee i it iee e e e e e ettt e e e e e e st eeeeeeeeaa s sseeeeeaaeeeeaannseneeeeeeeeanannssenneeeeeeanannes
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(b) (i) Draw, in the boxes below, the full structural formulae for the hydrocarbons propane and
propene.

Propane Propene

]

(ii) Give the term used to describe molecules, such as alkenes, containing a C=C bond.

(c) About 10% of crude oil is converted into alkenes by the process of catalytic cracking.

(i) Write the equation for the cracking of decane to produce ethene and one other product.

Use molecular formulae in your equation.

1]
(ii) Heterogeneous catalysts are used in cracking.

Explain, in the context of catalysis, the term heterogeneous and describe the first stage
in the mechanism of this type of catalysis.

/ In your answer, you should use appropriate technical terms, spelled correctly.
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(iii) The shorter chain alkanes produced in the cracking process are useful for blending in
petrol, because they have higher octane numbers than the original molecules.

Explain what octane number measures and why a high octane number is desirable for a
fuel.

...................................................................................................................................... [2]
(iv) The structure of ethane can be represented by the diagram below.
H\ /H
7z /C - > ~
H” “H
H H
Explain the significance of the wedges and dotted lines in this structure.
...................................................................................................................................... [1]

(v) Reforming is another process used in the oil industry to produce hydrocarbons with high
octane numbers. This process produces cyclic hydrocarbons and one other product.

Name this other product.

(d) Alkenes are also used in drilling oils. Some of these alkenes are structural isomers.

(i) Explain the meaning of the term structural isomers.
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(ii) Draw the skeletal structures for three alkene isomers of C,Hg

[2]

(e) ‘Isoprene’ is produced and emitted into the atmosphere by many species of trees. It can be
represented by the following formula.

CH,C(CH,)CHCH,

Draw the full structural formula of isoprene.

[2]

[Total: 15]
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Coal fired power stations produce the pollutant gas sulfur dioxide, SO, This gas is toxic and
produces ‘acid rain’.

(@) The sulfur dioxide reacts with water and oxygen in the atmosphere to produce sulfuric acid,
H,SO,.
29%

Write a balanced equation for this reaction.

Include state symbols.

[2]

(b) One way to reduce the sulfur dioxide emissions is to allow the waste gas from the power
station to pass through a fine powder of calcium oxide. The following reaction takes place.

2Ca0(s) + 2S0,(g) + O,(g) —> 2CaSO,(s)

Explain why calcium oxide would be expected to react with sulfur dioxide.

.............................................................................................................................................. [1]
(c) Both carbon and sulfur form dioxides when burnt.
CO, is a linear molecule. SO, is a bent (v-shaped) molecule.
0=—C=—0 AN
0] O

Explain why CO, is linear and SO, is a bent molecule.
Give the bond angle in SO,

Bond angle in SO, ...

[4]
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The sulfur dioxide is the result of sulfur impurities in the coal burning in air.
In some coals, the sulfur content can be up to 10% by mass.

Calculate the mass of sulfur dioxide produced when 1.0kg of coal is burnt. Assume the sulfur
content to be 10% by mass.

mMass of SO, = ..o, gl2]

A more radical approach to cutting sulfur dioxide pollution is to use alternative energy
generation methods, not dependent on fossil fuels.

One such method is to use ‘nuclear energy’.

Suggest one advantage (other than production of less SO,) and one disadvantage of using
nuclear energy compared to burning fossil fuels.

=0 1Y 7= | = o = SRR

[2]
Carbon has a very high melting point and sulfur has a low melting point.
Name the type of bonding and structure in carbon and sulfur.
Type of bonding Type of structure
Carbon
Sulfur
[2]
[Total: 13]
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Terrorists try to smuggle neutron-emitting material across international borders.
Neutron detectors are used to combat this.

One material that can be used in neutron detectors is the isotope, boron-10.

(a) Boron has two stable isotopes. Complete the table below to show their atomic structures.

Isotope Number of Number of Number of
protons neutrons electrons

Boron-10

Boron-11

]

(b) Analysis of a sample of boron by a time-of-flight mass spectrometer produced the following
mass spectrum.

I T T T T T T T T I T 1

1 2 3 45 6 7 8 9 10111213

ml/z

(i) What information is given by the height of the two peaks on the mass spectrum?

(ii) Explain how the information given on a mass spectrum, such as the one shown above
for boron, can be used to calculate the relative atomic mass of an element.

©OCR 2014 Turn over
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(iii) A key stage in the operation of a time-of-flight mass spectrometer is the acceleration of
positive ions.

Explain how this process allows the instrument to separate ions of different masses.

(c¢) Neutron-emitting material may also produce ionising radiation consisting of alpha or beta
particles.

(i) Complete the table below by selecting from the following list.

paper; 4; +2; large; -1; aluminium foil; small; 0

lonising radiation
Alpha (o) Beta ()

Property

Relative mass

Relative charge

Deflection by electrical field

Stopped by a minimum of ...

[2]

(ii) A boron-10 nucleus absorbs a neutron and splits into an alpha particle and an isotope of
a different element. The alpha particles can then be detected.

Complete the following nuclear equation for this process.

10 1
5B+0n% ............ + o

[2]

(iii) It is difficult to detect smuggled radioactive material using the direct emission of alpha or
beta particles.

Suggest why this is so.

©OCR 2014



9

(d) Another material used in neutron detectors is boron trifluoride, BF .

Draw a ‘dot-and-cross’ diagram for BF 5, showing outer electrons only.

[2]

(e) The isotope uranium-235 is present in some radioactive material. This breaks down by alpha
decay with a half-life of approximately 700 million years.

(i) Explain the term half-life.

(ii) Radioisotopes such as uranium-235 can be used in the dating of geological material.
The final product in the decay of uranium-235 is a stable lead isotope.

Explain the principles behind this dating.

(iii) Explain why the long half-life of uranium-235 means it cannot be used in dating
archaeological material.

(iv) The energy released when uranium-235 breaks down in nuclear reactors can be used to
generate electricity. Another process releasing energy is nuclear fusion.

Explain the process of nuclear fusion.

[Total: 19]
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Many children’s science kits contain the chemicals ‘sodium bicarbonate’, NaHCO,, and ‘citric acid’,
CgHgO-. If solid sodium bicarbonate is added to a solution of citric acid, the resulting evolution of
gas can be used to ‘power’ small toys such as boats and cars.

(@) A student decides to measure the enthalpy change for this reaction using the apparatus
below.

thermometer

loose fitting lid

polystyrene cup

reacting solution

The student adds 12 g of sodium bicarbonate to excess citric acid solution.
The results are given below.

Mass of solution formed =25.0g
Starting temperature of solution =22°C
Finishing temperature of solution =6°C

(i) Calculate the energy transferred from the solution.

The solution has a specific heat capacity of 4.18Jg 1K,

energy transferred = ... J[1]

(i) Calculate the enthalpy change, AH, per mole of sodium bicarbonate in this reaction.

Give your answer, in kd, to two significant figures.

AHZ oo, kJmol~ [3]

©OCR 2014
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iii) The answer calculated in (ii) is different from the value quoted in data books.

Suggest one limitation in the practical procedure which would lead to the difference.

iv) The reaction between sodium bicarbonate and citric acid can be represented by
equation 4.1 below.

CgHgO-(aq) + 3NaHCO4(s) — Na,C,H;0, (aq) + 3CO,(g) + 3H,O(l)  equation 4.1

Calculate the volume of carbon dioxide gas produced, in dm3, in the student’s experiment,
at room temperature and pressure. Assume none of the carbon dioxide dissolves.

One mole of gas at room temperature and pressure occupies 24 dm3.

volume of carbon dioXide = ......ccccceeveueeeeeeieeeeee e dm? [2]
The enthalpy change of a reaction depends on endothermic and exothermic processes.
Describe, in terms of bonds made and broken, which processes are exothermic and which are

endothermic. Explain how the relative values of these processes affect the enthalpy change
of the reaction in equation 4.1.

The reaction represented by equation 4.1 is accompanied by an increase in entropy.
Explain the term entropy.

Describe the differences in magnitude of the entropy of a solid, a liquid and a gas and use
your answers to explain the increase in entropy accompanying this reaction.

[Total: 13]
END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page. The question
number(s) must be clearly shown in the margin.

OCRY

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.
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 2014




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness 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
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

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


