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e The Insert will be found in the centre of
this document.

e Write your name, centre number and
candidate number in the boxes on the
first page. Please write clearly and in
capital letters.

e Use black ink. HB pencil may be used
for graphs and diagrams only.

e Answer ALL the questions.

e Read each question carefully. Make
sure you know what you have to do
before starting your answer.

e Write your answer to each question in
the space provided. If additional space
Is required, you should use the lined
pages at the end of this booklet. The
question number(s) must be clearly
shown.



INFORMATION FOR CANDIDATES

e The number of marks is given in
brackets [ ] at the end of each question
or part question.

o Where you see this icon you will
be awarded marks for the quality
of written communication in your
answer.

This means for example you should:

e ensure that text is legible and
that spelling, punctuation and
grammar are accurate so that
meaning is clear;

e organise information clearly
and coherently, using specialist
vocabulary when appropriate.

e You may use a scientific calculator.

e A copy of the Data Sheet for Chemistry
A is provided as an insert with this
question paper.

* You are advised to show all the steps in
any calculations.

e The total number of marks for this
paper is 100.



Answer ALL the questions.
1 Crude oil contains many hydrocarbons.

The table opposite shows information
about some of these hydrocarbons.

(a) What is the empirical formula of
hexane?

[1]

(b) Explain why hexane is both
saturated and a hydrocarbon.

saturated

hydrocarbon

[2]
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(c) Draw the skeletal formula for
2,2-dimethylbutane.

[1]

(d) Describe and explain the trend
shown by the boiling points of the
hydrocarbons in the table.

[3]



(e) Decane, C,,H,,, can be cracked
to form hexane and ONE other
product.

Write an equation for this reaction.

[1]

(f) In the presence of ultraviolet
radiation, butane, C,H,,, reacts with
chlorine to form a large number of
organic products.

Several of these products are
structural isomers of C4H8C L,.

(i) Write an equation, using
molecular formulae, for the
formation of C,H,CL, from
butane.

[1]




(ii) Complete the table opposite
about two of the structural
isomers of C,H,CL, [2]

(g) The reaction between butane and
chlorine is an example of radical
substitution.

Initially, chlorobutane, C,H,C1, is
formed, which then reacts with more
chlorine to form C,H,CL,.

(i) The first step of the reaction
of C,H,C1 with chlorine is the
homolytic fission of a chlorine
molecule.

What is meant by the term
homolytic fission?

[2]
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(ii) Complete the missing species in
the propagation steps below.

Cl + C,H,Cl — +

+ —> C4H8012 +

[2]

(h) Butane, C,H,,, undergoes
incomplete combustion when there
is a shortage of oxygen.

Write an equation for the incomplete
combustion of butane.

[1]

[TOTAL: 16]
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Phosphoric acid, H;PO,, can be
manufactured by a two step process
involving the reaction of phosphorus
with oxygen, followed by a reaction

with water.

P,(s) + 50,(g) — P,0,,(s)
AH, = -2984 kJ mol~1

P,O,.(s) + 6H,0(I) —» 4H,PO,(I) AH,
(a) Explain why AH, represents the

enthalpy change of formation
of P,0,,.

[2]
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(b) Enthalpy changes of formation are
shown in the table below.

SUBSTANCE ENTHALPY CHANGE
OF FORMATION,
AH./kJ mol™
P,0,.(s) -2984
H,0(l) -286
H,PO,(1) ~1267

Calculate the enthalpy change of
reaction, AH,.

AH, = kd mol~1 [3]
12




(c) Write the overall equation for the
manufacture of H;PO, from P,.

Use this equation to explain why
this process has a 100% atom
economy.

[2]

[TOTAL: 7]
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3 Pentan-2-ol, shown below, is a
secondary alcohol.

OH

A~

(a) Pentan-2-ol can be converted into
three alkenes, A, B and C, by the
elimination of water.

Two of the alkenes, A and B, are
stereoisomers.

The third alkene, C, is a structural
isomer of both A and B.

This elimination often uses a
catalyst.

(i) What is a suitable catalyst for
this reaction?

[1]
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(ii) Construct an equation, using
molecular formulae, for the
elimination of water from
pentan-2-ol.

[1]

(iii) Explain what is meant by the
terms structural isomers and
stereoisomers.

structural isomers

stereoisomers

[4]
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(iv) In the boxes below:

e draw the structures of
stereoisomers A and B

e draw the structure of

isomer C.
STEREOISOMER STEREOISOMER
A B
ISOMER C

16

[3]



(v) Stereoisomers A and B show E/Z
isomerism.

State TWO features of these
molecules that enable them to
show E/Z isomerism.

[2]
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(b) Pentan-2-ol can be oxidised by
heating under reflux with acidified
aqueous potassium dichromate(VI).

Complete the equation opposite for
this oxidation.

Use a skeletal formula for the
organic product.

Use [O] to represent the oxidising
agent. [2]

18
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(c) Pentan-1-ol can also be oxidised but
it gives two different products.

Complete the flowchart opposite
to show the structures of the two
organic products formed. [2]

[TOTAL: 15]

20
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4 Methanol can be manufactured by
the reaction of carbon dioxide with
hydrogen.

3H,(g) + CO,(g) = CH;OH(g) + H,0O(g)
EQUATION 4.1

In this reaction, 49.0kdJ of energy are
released when 3 moles of H, react
completely. This enthalpy change

is called the enthalpy change of
reaction, AH.

22



(a) Calculate the energy released
when 1000 dm? of hydrogen,
measured at room temperature and
pressure, react completely with
carbon dioxide.

Give your answer to THREE
significant figures.

energy released = kJ

[3]
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(b) Complete the enthalpy profile
diagram for the forward reaction.

Label the activation energy, E_, and
the enthalpy change, AH..

A

enthalpy | 34,(g) + CO2(g)

|

progress of reaction

[3]
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(c) What is the enthalpy change of
reaction for the REVERSE reaction?

enthalpy change =

kJ mol~ [1]

(d) A scientist estimates the activation
energy for the forward reaction as
+225 kd mol.

Using this information, estimate

the activation energy of the
REVERSE reaction.

activation energy

= kd mol~ [1]

25



3H,(g) + CO,(g) = CH,OH(g) + H,0(9g)
EQUATION 4.1

(e) The temperature of the equilibrium

(f)

mixture in EQUATION 4.1 is
INCREASED.

Describe and explain what happens
to the position of equilibrium.

[2]

The total pressure of the equilibrium
mixture in EQUATION 4.1 is
DECREASED.

Describe and explain what happens
to the position of equilibrium.

[2]
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(g) The reaction uses a solid catalyst.
This catalyst functions in a similar

way to the catalyst used in catalytic
converters.

Outline the stages that allow H, to
react with CO, in the presence of a
solid catalyst.

[3]
[TOTAL: 15]
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5 Chloroethene, CH,CHC, is made from
1,2-dichloroethane, CH,CICH,CL

CH,CICH,Cl — CH,CHCI + HCI
EQUATION 5.1

(a) A chemical plant uses 19.80 tonnes
of 1,2-dichloroethane to make
11.25 tonnes of chloroethene.

Calculate the percentage yield of
chloroethene.

(1 tonne = 1.00 x 106 g)

percentage yield

= % 3]
29




(b) The table below shows some
average bond enthalpies.

BOND AVERAGE BOND
ENTHALPY
/kd mol~!
C-H +413
CcC-C +347
C:C +612
C-Cl +346
H-Cl +432

30



Using the average bond enthalpies
in the table on page 30, calculate the
enthalpy change of reaction, AH,

for EQUATION 5.1.

AH. = kd mol~1 [3]

31



(c) Chloroethene is used to make
poly(chloroethene), PVC.

Write an equation, using

DISPLAYED FORMULAE, for the

reaction to form poly(chloroethene)
from its monomer.

[3]
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(d) Waste polymers are often disposed
of by combustion. The heat released
can be used to generate electricity.

(i) Hydrogen chloride, HCL, is a
toxic waste product formed by
combustion of PVC.

Suggest how the HCI can

be removed from the gases
produced during the combustion
of PVC.

[1]

33



(ii) Some waste polymers are put
into landfill sites. This uses up a
valuable resource.

State TWO ways, other than
landfill and combustion, of
processing waste polymers.

1

[2]
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(1ii)) Chemists are trying to minimise
the environmental damage
caused by the disposal of waste
polymers by developing new
types of polymers.

Give an example of a type of

polymer being developed to
minimise environmental damage.

[1]

[TOTAL: 13]
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6 Many reactions are catalysed by
biological catalysts called enzymes.

Ethanol is manufactured by the
enzyme-catalysed fermentation
of glucose.

C.H,,0, —» 2C,H.OH + 2CO,

(a) Fermentation is an EXOTHERMIC
reaction.

Explain why. Use ideas about the
enthalpy changes associated with
bond breaking and bond making in
your answer.

[2]
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(b) Carbon dioxide is a greenhouse
gas that has been linked to
climate change.

(1) What happens within a carbon
dioxide molecule when it
absorbs infrared radiation?

[1]

(ii) Chemists are developing
methods for carbon capture
and storage to minimise
climate change.

Give TWO examples of carbon
capture and storage.

1

[2]
38



(c) One benefit of using an enzyme to
catalyse a reaction is that there is a
large increase in the rate of reaction
without the enzyme being used up.

State TWO other benefits, other
than cost, of using enzymes to
catalyse reactions.

1

[2]
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(d) Catalysts, such as enzymes,
increase the rate of a reaction.

Explain why. Use a labelled

Boltzmann distribution of molecular
energies in your answer.

40



[5]

[TOTAL: 12]
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7 Compound D reacts by nucleophilic
substitution and electrophilic addition.

H H

H/ \CHZ C—cCl
H

COMPOUND D

Compound D reacts with KOH(aq) and
with HBr(g).

The reaction with KOH(aq) is an
example of a nucleophilic substitution
and the reaction with HBr(g) is an
example of electrophilic addition.

Describe these two reactions. For each
reaction, include:

an equation

the structure of each organic product
the mechanism, using the curly arrow
model, showing any relevant dipole
the type of bond fission that occurs.
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[12]

[TOTAL: 12]
45



8 Compound X is a saturated compound
that contains carbon, hydrogen and
oxygen only.

A scientist analyses a 1.00g sample
of compound X and finds it contains
0.133 g of hydrogen and 0.600 g of
carbon.

The scientist also analyses compound X

using mass spectrometry and infrared
spectroscopy.
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The scientist finds that compound X
reacts with ethanoic acid in the
presence of a concentrated sulfuric
acid catalyst to make compoundY.

CompoundY has the molecular formula
C.H,,0..

Using all the information, show the
structures of compounds X and.
Include an equation for the reaction
of compound X with ethanoic acid to
make compound .

/ In your answer you should
link the evidence with your
explanation.

48
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[10]

[Total: 10]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

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

51



52



23



94



BLANK PAGE

95



OCR¥

RECOGNISING ACHIEVEMENT

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.

1455144655 * 56





<<
  /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


