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Answer all the questions.

1 Mass spectrometry and n.m.r. spectroscopy are important analytical techniques. They can be 
used to distinguish between the isomers 1-bromopropane, CH3CH2CH2Br, and 2-bromopropane, 
CH3CHBrCH3.

 (a) The relative molecular mass of 2-bromopropane is 123.

  The mass spectrum of 2-bromopropane contains peaks at m/e 122 and 124.

  (i) Identify the ion responsible for the peaks at:

m/e 122  .............................................................................................................................

m/e 124  ......................................................................................................................  [2]

  (ii) What are the relative heights of the peaks at m/e 122 and 124?

 ....................................................................................................................................  [1]

 (b) Mass spectra can be used to distinguish between 1-bromopropane and 2-bromopropane.

  Deduce the m/e value of a peak that would be found in the mass spectrum of 1-bromopropane 
but not in the mass spectrum of 2-bromopropane.

 ............................................................................................................................................  [1]
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 (c) 1-Bromopropane and 2-bromopropane can be distinguished using n.m.r. spectroscopy.

  In the 1H n.m.r. spectrum of 1-bromopropane, shown below, there are peaks labelled 
a, b and c.

absorption
of energy

91011 78 56 34 2 01

chemical shift, � / ppm

2

3

2

a b c

  (i) Write a, b or c next to the appropriate hydrogen atoms in the diagram below to identify 
which hydrogen atoms cause each peak.

C CCH Br

H H H

H H H

[2]

  (ii) Explain why peak c is a triplet.

 ....................................................................................................................................  [1]

  (iii) How many peaks will be present in the 1H n.m.r. spectrum of 2-bromopropane, and what 
will the relative peak areas be?

number of peaks  .............................

relative peak areas  ............................. [2]

[Total: 9]
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2 The diagram below shows part of the emission spectrum of atomic hydrogen. Two series of lines 
are shown.

series 2 series 1 

ultravioletvisible

A B C

 (a) Describe the process which produces a line in the spectrum.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [2]

 (b) Why is there more than one series of lines in the spectrum?

 ...................................................................................................................................................

 ............................................................................................................................................  [1]

 (c) The diagram below shows the transition responsible for line C.

  Draw and label the transitions responsible for lines A and B.

energy levels
in the

hydrogen atom
n = 2

n = 1

C

[2]
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 (d) The wavelength of line C is 9.12 × 10–8 m.

  Calculate the energy, in kJ mol–1, for the transition represented by line C.

  c = 3.00 × 108 m s–1;  h = 6.63 × 10–34 J s;  L = 6.02 × 1023 mol–1.

 answer =  ........................................... kJ mol–1 [4]

[Total: 9]
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3 Separation of the components in mixtures can be achieved by both chromatography and 
electrophoresis.

 (a) A sample of urine was found to contain a mixture of caffeine, theophylline and theobromine 
all of which are found naturally in the cocoa plant. The separation of these three components 
was attempted using paper chromatography.

  The results are shown below.

starting point
x

  (i) Define the term Rf value.

 ...........................................................................................................................................

 ....................................................................................................................................  [1]

  (ii) Suggest why two components in the mixture were not separated effectively.

 ....................................................................................................................................  [1]

  (iii) Suggest how you might separate all three components in the mixture using paper 
chromatography. State your reasoning.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ....................................................................................................................................  [2]

  (iv) Paper chromatography works by partition.

   Explain what is meant by partition in paper chromatography.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ....................................................................................................................................  [2]
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 (b) In this question, one mark is available for the quality of spelling, punctuation and grammar.

  The composition of a mixture of amino acids can be determined by electrophoresis.

  • Outline how electrophoresis separates amino acids.

  • Explain the importance of pH in the separation of amino acids by electrophoresis.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [5]

Quality of Written Communication [1]

[Total: 12]
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4 A large number of organic compounds absorb energy in the ultraviolet/visible region of the 
spectrum. This results in electronic transitions between energy levels in the molecules.

 (a) The formulae of four molecules are given below. For each molecule state whether or not it 
would absorb in the ultraviolet/visible region. Explain your answers.

CH3CH2NH2  ..............................................................................................................................

 ...................................................................................................................................................

C6H5CH3  ...................................................................................................................................

 ...................................................................................................................................................

CH3CH2CH3  ..............................................................................................................................

 ...................................................................................................................................................

CH3CH2CN  ...............................................................................................................................

 ............................................................................................................................................  [4]
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 (b) Compounds X and Y both absorb energy in the ultraviolet/visible region. Compound X is 
colourless but compound Y is coloured.

O

O

C

N

compound X

O

O

C

N

compound Y

  (i) Explain why only compound Y is coloured.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ....................................................................................................................................  [3]

  (ii) Suggest why compound X could be used to help protect the skin as part of a sunscreen.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ....................................................................................................................................  [1]

[Total: 8]
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5 A food scientist was analysing compound Z, empirical formula C5H6O, which is used as a 
preservative in fruit juices.

 The mass spectrum, infra-red spectrum and the 1H n.m.r. spectrum of compound Z are shown 
below.

100
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mass spectrum of compound Z

100
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infra-red spectrum of compound Z
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relative
intensity
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(%)

absorption
of energy

11 10 9 8 7 6

6

5

5
1

4 3 2 1 0

1H n.m.r. spectrum of compound Z
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 (a) Use the spectra opposite to determine the molecular formula of compound Z. Explain your 
reasoning.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [2]

 (b) Use the spectra opposite to determine the structure of compound Z. Explain your reasoning.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

  compound Z is 

[5]

[Total: 7]

END OF QUESTION PAPER



12

© OCR 2009

PLEASE DO NOT WRITE ON THIS PAGE

Copyright Acknowledgements:

Q.1(c) & Q.5 © SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of Advanced Industrial Science and Technology)

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.



<<
  /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


