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INSTRUCTIONS TO CANDIDATES

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

• Use black ink. Pencil may be used for graphs and 
diagrams only.

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

• 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.

• Answer ALL the questions.
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INFORMATION FOR CANDIDATES

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

•  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:

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

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

• You may use a scientific calculator.

• 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.

• The total number of marks for this paper is 60.
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Answer ALL the questions.

1 Benzene and other arenes can be chlorinated 
to produce chloroarenes which are used in the 
manufacture of pesticides, drugs and dyes.

 (a) Chlorobenzene, C6H5Cl, is formed by the reaction 
of benzene and chlorine in the presence of a 
suitable catalyst, such as AlCl3.

C6H6     +     Cl2          C6H5Cl     +     HCl

  Outline the mechanism for the formation of 
chlorobenzene from benzene.

  Show how AlCl3 behaves as a catalyst.
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 [6]
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 (b) Chlorobenzene reacts with trichloroethanal, 
Cl3CCHO, to produce the pesticide DDT.

C

CCl3

H

DDT

Cl Cl

  (i) Construct an equation for the reaction of 
chlorobenzene with trichloroethanal to 
form DDT.

+

C

CCl3

H

Cl Cl   +

 [2]
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  (ii) Predict the number of peaks in the 13C NMR 
spectrum of DDT.

 _____________________________________ [1]

 (c) Chlorobenzene can be nitrated to form a mixture 
of products.

  Suggest why the reaction forms a mixture of 
products.

 __________________________________________

 __________________________________________

 ________________________________________ [1]
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 (d) Explain why phenol reacts more readily with 
chlorine than benzene reacts with chlorine.

 In your answer, you should use appropriate 
technical terms, spelled correctly.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]

 [Total: 13]
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2 A student was investigating the reactions and uses of 
organic amines.

 (a) The student found that amines such as 
ethylamine, C2H5NH2, and phenylamine, C6H5NH2, 

  both behave as bases.

  (i) Explain why amines can behave as bases.

 _______________________________________

 _____________________________________ [1]

  (ii) The student reacted an excess of C2H5NH2 
with two different acids.

   Write the formulae of the salts that would be 
formed when an EXCESS of C2H5NH2 reacts 
with: 

   sulfuric acid,  ___________________________

   ethanoic acid.  _________________________ [2]

 (b) The student reacted phenylamine with a mixture 
of NaNO2(aq) and HCl(aq) whilst keeping the 
temperature below 10 °C. A diazonium ion was 
formed. The student then reacted the diazonium 
ion with compound B. After neutralisation, 
compound A was formed.

compound A

N

N OH

COOH
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  (i) Draw the structures of the diazonium ION and 
compound B.

   Display the functional group in the 
diazonium ion.

diazonium ION compound B

 [2]

  (ii) State the conditions required for the reaction 
of the diazonium ion with compound B and 
state a possible use for compound A.

conditions  ______________________________

 _______________________________________

possible use for compound A.  _____________

 _____________________________________ [1]
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compound A

N

N OH

COOH

  (iii) The student added Na2CO3 to a solution of 
compound A.

   Draw the structure of the organic product and 
state the formulae of any other products from 
this reaction.

 [2]
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 (c) The student repeated the experiment in part (b) 
but allowed the temperature to rise above 10 °C.

  Under these conditions, the diazonium ION in 
(b)(i) reacts with water to produce phenol. A gas 
with molar mass of 28.0 g mol–1 and one other 
product are also formed.

  Construct an equation for this reaction.

 [1]

[Total: 9]
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3 Mandelic acid (2-phenyl-2-hydroxyethanoic acid), 
C6H5CH(OH)COOH, is used in some skin creams and 
can be converted into a condensation polymer.

 The addition polymer of ethyl methacrylate (ethyl 
2-methyl-2-propenoate), CH2C(CH3)COOC2H5, is used 
to make some artificial fingernails.

 (a) Explain what is meant by the term condensation 
polymerisation.

 Your answer should use appropriate technical 
terms, spelled correctly.

 __________________________________________

 __________________________________________

 ________________________________________ [1]

 (b) Draw TWO repeat units of a polymer that is formed 
when,

  (i) mandelic acid, C6H5CH(OH)COOH, polymerises

 [2]
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  (ii) ethyl methacrylate, CH2C(CH3)COOC2H5, 
polymerises.

 [1]
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 (c) When ethyl methacrylate, CH2C(CH3)COOC2H5, 
is heated under reflux with aqueous dilute 
acid, a hydrolysis reaction takes place forming 
compound C and ethanol.

  When compound C is heated with steam in the 
presence of an acid catalyst, an addition reaction 
takes place forming two organic products D and E.

  Compounds D and E are structural isomers with 
the molecular formula C4H8O3.
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  Draw the structures of compounds C, D and E.

compound C

compound D

compound E

 [3]
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 (d) Mandelic acid has anti-bacterial properties and is 
used in some skin creams. A cosmetic chemist 
used mandelic acid to prepare two different esters 
that might be suitable for new skin creams. The 
structures of the two esters are shown below.

O

HO

ESTER 1

O

O

ESTER 2

OH
O

O

  (i) Draw the structure of an organic compound 
that could react with mandelic acid, 
C6H5CH(OH)COOH, to produce ESTER 1.

 [1]
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  (ii) Identify an organic compound that could react 
with mandelic acid to produce ESTER 2.

 [1]
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  (iii) ESTER 1 is less soluble in water than mandelic 
acid, C6H5CH(OH)COOH.

   Explain the difference in water solubility of 
mandelic acid and ESTER 1.

   You may use a labelled diagram in your 
answer.

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [3]
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  (iv) Before any skin cream can be sold to the 
public, it must be tested to ensure it is safe to 
use.

   Suggest why.

 _______________________________________

 _____________________________________ [1]

 [Total: 13]
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4 ‘Methylglyoxal’, CH3COCHO, is formed in the body 
during metabolism.

 Describe ONE reduction reaction and ONE oxidation 
reaction of methylglyoxal that could be carried out in 
the laboratory.

 Your answer should include reagents, equations and 
observations, if any.

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 ___________________________________________ [5]

[Total: 5]
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5 Forest fires release a large number of organic 
compounds into the atmosphere, many in very small 
quantities.

 (a) Compounds in the smoke from forest fires can be 
analysed using GC-MS.

  Explain how GC-MS enables the compounds to be 
identified.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (b) Compound F was found to be present in the 
smoke.

  Compound F contains C, H and O only and 
contains 54.2% oxygen by mass.

  The molar mass of compound F is 118.0 g mol–1.

  (i) Using the information, show that the molecular 
formula of compound F is C4H6O4.

   Show all of your working.

 [2]
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  (ii) The infrared spectrum of compound F is 
shown below.

4000
0

100

50

3000 2000 1500 1000 500

transmittance (%)

wavenumber / cm–1

   Using this spectrum, name the functional 
group present in compound F.

 _____________________________________ [1]
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 (c) Compound F, C4H6O4, was dissolved in 
deuterated dimethylsulfoxide, (CD3)2SO, and some 
tetramethylsilane, TMS, was added. The proton 
NMR spectrum of compound F is shown opposite.

  The peak centred at δ = 3.4 ppm would normally be 
expected at a chemical shift value about 1 ppm to 
the right, i.e. 2.4 ppm.

  (i) Using the chemical shifts and splitting 
patterns, deduce the structural formula of 
compound F.

   Explain your reasoning.

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [4]
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  (ii) Explain why deuterated dimethylsulfoxide, 
(CD3)2SO, is used as the solvent rather than 
(CH3)2SO.

 _______________________________________

 _______________________________________

 _____________________________________ [1]

  (iii) State why TMS was added.

 _______________________________________

 _____________________________________ [1]

  (iv) A second proton NMR spectrum of 
compound F was obtained after adding a few 
drops of D2O.

   What difference would you expect to 
see between the proton NMR spectra of 
compound F obtained with and without D2O?

 _______________________________________

 _______________________________________

 _____________________________________ [1]

[Total: 12]
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6 The addition of sucrose, table sugar, to food and 
drink has been linked to the increased risk of obesity 
and insulin resistance. Aspartame is used as an 
alternative to sugar.

 The structure of aspartame is shown below. 

HOOC

H2CO

CHH2N
CH

CH2 H O

C O
CN CH3

ASPARTAME

 (a) Aspartame contains five functional groups 
including the benzene ring, and has two chiral 
carbon atoms.

  (i) Circle the TWO chiral carbon atoms on the 
structure above. [1]

  (ii) NAME the FOUR functional groups, other than 
the benzene ring, in aspartame.

____________________ ____________________

____________________ ____________________
 [2]
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HOOC

H2CO

CHH2N
CH

CH2 H O

C O
CN CH3

ASPARTAME

 (b) Aspartame consumed in food or drink might be 
hydrolysed by the acid in the stomach. This acid 
consists mainly of hydrochloric acid.

  Draw the structures of the THREE organic 
products formed by the COMPLETE acid 
hydrolysis of aspartame.

 [4]
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 (c) Some artificial sweeteners commonly available 
many years ago have now been withdrawn from 
use.

  Suggest why.

 __________________________________________

 ________________________________________ [1]

[Total: 8]

END OF QUESTION PAPER
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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.



<<
  /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


