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    Answer all the questions.

1 Benzoic acid is a food preservative as it inhibits the metabolism of bacteria. It is often added to 
foods as its salt, sodium benzoate.

C
O

benzoic acid

HO

 (a) Draw the formula of sodium benzoate.

   [1]

 (b) Benzoic acid is a weak acid. Weak acids in aqueous solution are often represented by 
equation 1.1.

    HA(aq)    H+(aq)  +  A–(aq)  equation 1.1

  (i) Write the expression for Ka for equation 1.1.

      Ka =

   [1]

  (ii) For benzoic acid, Ka = 6.3 × 10–5 mol dm–3.

   Calculate the pH of a 0.010 mol dm–3 solution of benzoic acid.

 pH =  .......................................................... [2]
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  (iii) In food science books, it is stated that ‘sodium benzoate is not used in a preservative 
unless the pH is below 3.6’.

   Calculate the ratio of [benzoic acid]:[sodium benzoate] in a solution at pH 3.6.

 ratio =  .......................................................... [3]

 (c) A mixture of sodium benzoate and benzoic acid will act as a buffer solution which helps food 
preservation.

  (i)  Use equation 1.1 to explain how a buffer solution works.

    HA(aq)    H+(aq)  +  A–(aq)  equation 1.1

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

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

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

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

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

  (ii) Food can be spoiled by enzyme-catalysed reactions. 
   Suggest why the presence of a buffer solution helps preserve food by preventing enzymic 

reactions. 

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

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

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

 ...................................................................................................................................... [2] 
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 (d) There are concerns over the use of benzoic acid in drinks. It reacts with vitamin C to form 
very small quantities of toxic benzene. Vitamin C is said to produce hydroxyl (OH) radicals 
that cause this reaction.

  (i) Draw a dot-cross diagram for the hydroxyl radical and explain why it is called a radical.

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

  (ii) Write a balanced equation for the decomposition of benzoic acid. One of the two products 
is benzene.

   [2]

  (iii) Suggest the role of the OH radical in this reaction.

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

  (iv) Benzene can be detected by mass spectrometry. The mass spectrum has peaks at 78 
and 51. Give the formulae of the ions corresponding to these peaks.

   Ar:  C, 12;  H, 1.0

78 ...........................................................  51 ................................................................ [3]
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 (e) Methyl benzoate is an ester formed from benzoic acid and is used as a food flavouring.

C
O

benzoic acid

HO

  Draw the structure of methyl benzoate, showing the full structural formula of the ester link.

   [2]

 (f) Methyl benzoate can be made in the laboratory by heating benzoic acid under reflux with two 
other substances.

  (i) Name these other substances.

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

 ...................................................................................................................................... [2]
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  (ii) Draw a labelled diagram of the apparatus you would use to heat these substances under 
reflux.

   [2]

   [Total: 27]
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2 Triesters of glycerol are used as the binding medium for oil paints. Analysis of old paintings enables 
scientists to work out which oil has been used.

 (a) The oils are usually triesters made from glycerol (propane-1,2,3-triol) and unsaturated 
carboxylic acids.

  (i) Draw the full structural formula of a triester. Use ‘R’ to represent the side-chains of the 
carboxylic acids.

   [2]
  (ii) Explain what is meant by an unsaturated carboxylic acid.

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

  (iii) How would you test a sample of an oil for unsaturation?

test  ....................................................................................................................................

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

  (iv) Explain why unsaturated oils are used as the medium for oil paints.

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

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

 (b) One analysis method for the identification of oils involves gas-liquid chromatography.

  Gas-liquid chromatography has a stationary phase and a mobile phase. Describe the 
constituents of each of these phases.

stationary phase  .......................................................................................................................

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

mobile phase  ....................................................................................................................... [3]
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 (c) The pigments present in a paint can be identified by their reflectance spectra. On the axes 
below, sketch a possible shape for the reflectance spectrum of an orange pigment.

400 500

wavelength / nm

600 700

reflectance

blue red

   [2]

 (d) Atomic emission spectra can also be used to identify the pigments.

  Draw a labelled diagram and explain how different elements in a pigment each produce a 
unique atomic emission spectrum.

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

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

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

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

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

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

   [Total: 17]
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3 Lead-acid batteries are used in cars to store electricity.

 During discharging the reaction at the positive electrode is the conversion of PbO2 to lead sulphate, 
PbSO4. At the negative electrode metallic lead is converted to lead sulphate. The reactions at each 
electrode are reversed during charging. The electrolyte is sulphuric acid.

 (a) (i) Give the systematic name of PbO2.

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

  (ii) Explain how the formula PbO2 fits into a pattern in the Periodic Table.

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

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

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

  (iii) Another oxide of lead is PbO.  

   Give the outer electron subshells for Pb and Pb2+ (e.g. phosphorus is 3s2 3p3). 

Pb  ......................................................................................................................................

Pb2+  .............................................................................................................................. [3]

 (b) The incomplete half-equation for the reaction at one electrode is given below.

    ......H+  +  PbO2  +  ........e–  →  Pb2+   +  ...............   equation 3.1

  (i) Complete the half-equation for this discharge reaction.  [2]

  (ii) Give the source of the H+ ions.

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

  (iii) Name the process occurring in equation 3.1, giving a reason.

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

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

  (iv) When the battery is discharging this electrode is positive. Explain why.  

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

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

  (v) Suggest a half-equation for the reaction at the other electrode when the battery is 
charging.

[1]
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 (c) In this question, one mark is available for the quality of spelling, punctuation and grammar.

  PbO is a yellow ionic solid, insoluble in water.

  Suggest two other physical properties for PbO.

  Explain these properties in terms of the ionic structure of PbO.

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

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

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

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

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

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

 .............................................................................................................................................. [4]

   Quality of Written Communication [1]

 (d) PbO is a basic oxide.

  (i) Write an equation for a reaction of PbO that illustrates that it is basic.

    [2]

  (ii) Does the basic nature of PbO fit with the trend for oxides across a period? 
   Explain your answer. 

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

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

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

    [Total: 22]
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4 In the 1980s, compounds called oxazolidinones were discovered to be antibacterials.
 One of the first was based on sulphonamide.  From this, linezolid was developed as a very effective 

antibacterial compound in 1996.

F

N

N

O

H

O

O

NHCOCH3

N

S

O

H

O

O
O

H2N

OH
sulphonamide linezolid

 (a) Circle one chiral carbon atom in sulphonamide. [1]

 (b) (i) Name the functional group –NHCO– and draw the full structural formula for the 
–NHCOCH3 group in linezolid.

name  .................................................................................................................................

   [2]

  (ii) Give the formula and name of a reagent that is used to make the –NHCOCH3 group 
from the corresponding amine.

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

  (iii) An –OH group cannot be directly substituted by an –NH2 group. A synthesis route 
involving two substitution reactions can be used.  

   Give details of these reactions below by indicating the intermediate functional group. 
Write reagents and conditions on the arrows.

–OH –NH2

intermediate functional group
    [4]
 (c) By comparing the structures of the two antibacterial compounds, sulphonamide and linezolid, 

draw a circle round the pharmacophore on the structure of linezolid above. Suggest how this 
accounts for their antibacterial properties.

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

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

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



12

© OCR 2009

 (d) In this question, two marks are available for the quality of use and organisation of scientific 
terms.

  Parts of the structures of the two antibacterial compounds are shown below.

N O

H

O

NHCOCH3

N O

H

O

OH

part of sulphonamide part of linezolid

  Describe and explain two ways in which the contribution of these parts to the infrared spectra 
of the molecules would be similar.

  Describe and explain two ways in which the contribution of these parts to the proton nmr 
spectra of the molecules would be different. 

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [8]

    Quality of Written Communication [2]
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 (e) Linezolid has a fluorine atom on its benzene ring.

  A student suggested that fluorobenzene could be made from benzene in a similar way to 
bromobenzene. 

  (i) Suggest the reagents and conditions that might be tried to make fluorobenzene, C6H5F.

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

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

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

  (ii) This reaction is described as electrophilic substitution.

   Explain the meaning of the term electrophile.

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

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

  (iii) What feature of the bonding in benzene causes it to undergo substitution reactions rather 
than addition?

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

  (iv) The reaction of fluorine with benzene actually forms C6F12.
   Suggest an equation for the reaction that occurs.

    [1]

    [Total: 29]
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5 It is important to sea creatures with shells that calcium carbonate does not dissolve in water.

 (a) The solubility product of calcium carbonate, CaCO3, is 5.0 × 10–9 mol2 dm–6  at 298 K.

    CaCO3(s)    Ca2+(aq)  +  CO3
2–(aq)  equation 5.1

  (i) Write the expression for this solubility product in terms of concentrations.

      Ksp = 

     [1]

  (ii) The concentrations of calcium ions and carbonate ions are equal in a solution of calcium 
carbonate. 

   Calculate the maximum concentration of calcium carbonate (in g dm–3) that will form 
when it dissolves at 298 K.

   Ar:  Ca, 40;  C, 12;  O, 16

 maximum concentration =  ...............................................g dm–3 [3]

 (b) (i) Use the data in the table below to calculate the entropy change of the system for the 
dissolving of calcium carbonate as shown in equation 5.1.

S /J mol–1 K–1

Ca2+(aq) –55.1

CO3
2–(aq) –56.8

CaCO3(s) +92.9

 ΔSsys =  .........................................J mol–1 K–1 [2]

  (ii) Explain why many dissolving processes have a positive value for ΔSsys.

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

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

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



15

Turn over© OCR 2009

  (iii) The unusual value of ΔSsys for calcium carbonate occurs because of the strong hydration 
of the ions.

   Explain why calcium ions are strongly hydrated in solution and how this affects the 
entropy change of solution.

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

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

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

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

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

 ...................................................................................................................................... [4]

 (c) Calculate the total entropy change of solution for calcium carbonate at 298 K.

ΔStot =  ΔSsys + ΔSsurr;            ΔSsurr = –ΔH––––
T

 ;            ΔH = –14 kJ mol–1

 ΔStot =  ....................................... J mol–1 K–1 [2]
 
 (d) Temperatures are much lower at the bottom of the oceans than at the top.  Use Le Chatelier’s 

Principle to explain how you would expect the solubility of calcium carbonate to differ at lower 
temperatures. 

      CaCO3(s)    Ca2+(aq)  +  CO3
2–(aq)     ΔH = –14 kJ mol–1 equation 5.1

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

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

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

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

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

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

 .............................................................................................................................................. [4] 
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 (e) The pH of a sample of ocean water is 8.1.
  In order to calculate the hydroxide ion concentration of this water sample, it is necessary to 

know that Kw = 1 × 10–14 mol2 dm–6.

  (i) Write the expression for Kw.

      Kw =  [1]

  (ii) Calculate the hydroxide ion concentration in a solution where the pH is 8.1.

 [OH–] =  .......................................... mol dm–3 [2]

 (f) Large quantities of calcium carbonate are heated industrially to form calcium oxide.

        CaCO3  →  CaO  +  CO2

  (i) Suggest an environmental impact that this process might have.

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

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

  (ii) Calculate the mass of carbon dioxide (in tonnes) that would be formed by heating 
1.0 tonne of calcium carbonate.

   Give your answer to a suitable number of significant figures.

   Ar: Ca, 40; C, 12; O, 16;   1 tonne = 106 g

 mass of CO2 =  .............................................. tonnes [3]

   [Total: 25]
END OF QUESTION PAPER

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


