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Answer all the questions.

1 Phenacetin was used in pain-killing medicines until 1960. Chemists then found that it was 
metabolised in the body to paraphenetidine, which is toxic. Phenacetin has now been replaced in 
many medicines by paracetamol. 

O O O

N O

H C

N N

HC2H5

H H

phenacetin paraphenetidine paracetamol

H C

O

C2H5

CH3 CH3

 (a) Name the functional group, apart from the benzene ring: 

  (i) that phenacetin and paraphenetidine have in common.

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

  (ii) that phenacetin and paracetamol have in common.

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

  (iii) that paraphenetidine has and neither of the others has.

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

 (b) Give the values of the bond angles:

  (i) around the nitrogen atom in the –NH2 group of paraphenetidine.

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

  (ii) around the carbon atom in the C=O group of paracetamol.

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

 (c) Describe a positive chemical test for paracetamol that will distinguish it from both phenacetin 
and paraphenetidine. 

  Give the name of the reagent and the expected result of the test.

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

 .............................................................................................................................................. [2]
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 (d) (i) By what type of reaction is phenacetin converted to paraphenetidine?

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

  (ii) Give laboratory reagents and conditions that you would use to carry out this reaction.

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

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

 (e) The infrared spectra and proton n.m.r. spectra of phenacetin and paraphenetidine are 
compared. 

  Describe and explain one similarity and one difference between the infrared spectra of these 
two compounds.

  Give the number of peaks and their relative numbers of protons in the n.m.r. spectrum of 
phenacetin. Describe how the spectrum of paraphenetidine would differ.

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [5] 
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 (f) Paracetamol and phenacetin are both pain-killers.

  (i) On the structure of paracetamol below, circle the structure of the pharmacophore that it 
shares with phenacetin.

O

N

H

H C

O

CH3 [1]

  (ii) Explain the meaning of pharmacophore in terms of the action of paracetamol and 
phenacetin.

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

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

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

 ...................................................................................................................................... [3]
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 (g) The enzyme responsible for the metabolism of phenacetin is not able to catalyse a similar 
reaction for paracetamol. 

  Suggest and explain a reason, comparing functional groups, why the enzyme cannot catalyse 
the reaction of paracetamol.

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

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

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

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

[Total: 21]
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2 The dye alizarin only sticks fast to cotton when a ‘mordant’ is used.

 If an aluminium compound is used as a mordant under alkaline conditions, aluminium ions become 
bonded to the hydroxyl groups of cotton.  Alizarin can bond with the aluminium ions, giving the 
structure below which dyes the cotton red. 

O

O

Al 3+

O–

OH

OHHO

 (a) (i) Give the electron configuration of Al 3+.

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

  (ii) Aluminium hydroxide is precipitated from a solution of aluminium ions on addition of 
sodium hydroxide. 

   Write an ionic equation for this reaction. Show state symbols.

[2]

  (iii) In the list below, underline the type of reaction by which alizarin reacts with hydrated 
aluminium ions. 

acid-base            ligand exchange            polymorphism            redox
[1]
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  (iv) The alizarin structure is shown below.
 

O

alizarin

O

OH

OH

   Suggest one reason why alkaline conditions are needed for alizarin molecules to bond 
with the aluminium ions. 

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

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

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

  (v) A piece of cloth dyed red with alizarin is placed in a bath of boiling water. Very little red 
dye enters the water. 

   Suggest a substance that could be added to the water that will make the dye less colour-
fast.

 ...................................................................................................................................... [1]
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 (b) Alizarin is made from readily available starting materials as shown. 

O

O

O

O

O

OH

OH
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alizarin compound D

step 4

O

SO3H

CH3

CH3

C

C

O + H2Ocompound A
compound C

compound B

+

step 1

O

step 2

step 3

  (i) Suggest a source of compounds A and B. 

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

  (ii) Choose from the list below the type of reaction that occurs in step 2.

addition              condensation              oxidation              substitution
[1]

  (iii) Name the functional group, apart from the arene system, in compound C.

 ...................................................................................................................................... [1]
 
  (iv) Give a reagent for the sulphonation in step 3. 

 ...................................................................................................................................... [1]
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  (v) Calculate the maximum mass of alizarin that could be made from 53 kg of compound A.

   Ar: C, 12; O, 16; H, 1.0

 Mass =  ...................................................  kg  [3]

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

  The alizarin molecule is itself coloured. 

  Explain, in terms of electron energy levels, 

  • the origin of colour in dye molecules 
  • why different dyes can be different in colour. 

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

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

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

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

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

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

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

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

Quality of Written Communication [2]
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 (d) Compounds A and B have benzene rings with delocalised electrons.

  Explain the meaning of the term delocalised. 

  In your answer indicate where the delocalised electrons in benzene come from and how they 
are arranged.

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

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

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

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

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

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

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

 (e) Benzene can be brominated using liquid bromine and iron(III) bromide. This is an example of 
an electrophilic substitution reaction. 

  (i) Explain the meanings of electrophilic and substitution.

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

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

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

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

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

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

  (ii) Explain how iron(III) bromide acts as a catalyst for the bromination reaction.

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

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

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

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

 ...................................................................................................................................... [3]
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  (iii) Write a balanced equation for the electrophilic substitution of benzene by bromine.

 [2]
  

[Total: 31]
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3 The gas dinitrogen oxide, N2O, is used in rocket engines.
 One way in which the gas is made is by the oxidation of ammonia over a metal catalyst.

  2NH3(g) + 2O2(g)    N2O(g) + 3H2O(g)   ΔH = –552 kJ mol–1 equation 3.1

 (a) (i) Give the oxidation state of nitrogen in:

NH3  ....................................................................................................................................

N2O ............................................................................................................................... [2]

  (ii) In the forward reaction, which substance is reduced? Give a reason for your answer.

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

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

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

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

  Suggest, with reasons, suitable conditions of temperature and pressure to obtain a satisfactory 
yield of N2O at an economic rate.

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
  

Quality of Written Communication [1]
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 (c) Give the reaction conditions and catalyst required for the synthesis of ammonia from nitrogen 
and hydrogen.

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

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

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

 (d) (i) Calculate ΔS  o–sys for the forward reaction in equation 3.1, using the data in the table. 

substance S o– /J mol–1 K–1

H2O(g) +189

N2O (g) +220

NH3(g) +192

O2(g) +205

   2NH3(g) + 2O2(g)    N2O(g) + 3H2O(g)   ΔHo– = –552 kJ mol–1  equation 3.1

 ΔSo–
sys =  ......................................  J mol–1 K–1  [2]

  (ii) Comment on the magnitude of your answer, referring to the equation.

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

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

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

  (iii) Use the given expressions to calculate a value for ΔSo–
tot for the forward reaction 

at 298 K.

   ΔSo–
tot = ΔSo–

sys + ΔSo–
surr                              ΔSo–

surr = –ΔHo–/T

 ΔSo–
tot =  ......................................  J mol–1 K–1  [2]



14

© OCR 2010

 (e) N2O decomposes at low temperatures.

N2O    N2 + ½ O2   ΔH = –82 kJ mol–1

  (i) Suggest two reasons why N2O can be used on its own as a rocket propellant.

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

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

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

  (ii) Oxygen has the ability to relight a glowing wooden splint. N2O is the only other gas which 
can do this.

   Suggest why N2O gives this result.

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

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

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

[Total: 24]
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4 Crude oil fractions often contain unwanted sulphur compounds. These sulphur compounds can 
be converted to hydrogen sulphide by mixing the oil fractions with hydrogen under pressure and 
passing the mixture over a heated catalyst. 

 (a) (i) Suggest a source of the hydrogen gas that is used in this process.

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

  (ii) Explain why the removal of sulphur compounds from crude oil fractions is important for 
the environment.

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

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

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

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

 (b) Hydrogen sulphide is formed and is removed from the gas stream by reacting it with 
‘monoethanolamine’ .

H2S      +      2HOCH2CH2NH2            2HOCH2CH2NH3
+       +       S2–

          ‘monoethanolamine’

  (i) Give the systematic name for ‘monoethanolamine’.

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

  (ii) H2S is acting as an acid when it reacts with monoethanolamine. 

   Give evidence from the equation that H2S has donated a proton.

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

 (c) Hydrogen sulphide is a weak acid and ionises in water as shown below.

H2S    HS– + H+    Ka = 8.9 × 10–8 mol dm–3 at 298 K

  (i) Explain the meaning of the term weak when used to describe acids.

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

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

  (ii) Write the expression for Ka in terms of the concentrations of the molecules and ions 
involved.

   Ka  =  

 [1]
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  (iii) Calculate the pH of a 0.10 mol dm–3 solution of H2S at 298 K.

 pH =  .......................................................... [3]

 (d) Hydrogen sulphide reacts with mercury(II) salts to form mercury(II) sulphide, HgS. This is 
very insoluble with a solubility product Ksp = 4.0 × 10–53 mol2 dm–6 at 298 K.

  (i) Write the expression for the solubility product of mercury(II) sulphide in terms of the 
concentrations of the ions involved.

   Ksp  =  

 [2]

  (ii) Calculate the concentration of Hg2+ ions in a saturated solution of HgS in ions per dm3.

   Avogadro constant, L , 6.0 × 1023

 concentration =  ......................................... ions dm–3 [2]

  (iii) Calculate the solubility, in g dm–3, of HgS in water at 298 K.

   Ar: Hg, 201; S, 32

 solubility =  ............................................. g dm–3  [1]

 (e) The hydrogen sulphide is turned into sulphur dioxide.

  Draw a dot-cross diagram for SO2 showing the outer shell electrons only. Represent one of 
the sulphur to oxygen bonds as a single dative covalent bond.

 [2]
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 (f) Sulphur dioxide is converted to sulphuric acid, H2SO4.

  Calculate the mass of sulphuric acid that could be obtained from 1.0 kg of crude oil containing 
1.0% of sulphur by mass.

  Give your answer in kg to an appropriate number of significant figures.

  Ar: S, 32; O, 16; H, 1.0

 mass of sulphuric acid =  ....................................................  kg [3]

 (g) Any remaining sulphur dioxide can be absorbed using a base such as magnesium oxide. In the 
presence of air, sulphur dioxide reacts with magnesium oxide to form magnesium sulphate. 

  Magnesium sulphate dissolves in water to give a solution that conducts electricity.

  • Give the type of bonding in magnesium sulphate.

  •  Explain, in terms of bonds and intermolecular forces broken and made, why magnesium 
sulphate is soluble in water.

  •  Explain why the solution conducts electricity.

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]

[Total: 27]
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5 Water is the commonest liquid on the Earth. It has some exceptional properties that make it very 
useful.

 The table below shows the enthalpy changes of vaporisation of water and of some other liquids.

liquid enthalpy change of vaporisation

kJ kg–1 kJ mol–1

water +2260

ethanol +840 +38.6

propanone +520 +30.2

hexane +330 +28.4

 (a) Calculate the enthalpy change of vaporisation of water in kJ mol–1 and write the value in the 
table above.

  Ar: H, 1.0; O, 16

  [1]

 (b) The high enthalpy change of vaporisation of water is useful when water transfers energy from 
the oceans to the land.

  (i) Explain how energy is transferred by water from the oceans to the land. 

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

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

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

  (ii) Why does the high enthalpy change of vaporisation of water make this very effective?

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

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

 ...................................................................................................................................... [1] 
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 (c) The enthalpy change of vaporisation of water has the highest value in the table because 
water, on average, forms two hydrogen bonds per molecule. 

  (i) Draw a diagram to illustrate this, showing one water molecule hydrogen-bonded to two 
others. Include relevant lone pairs and partial charges.

 [4]

  (ii) Ethanol also forms hydrogen bonds. Explain why the enthalpy change of vaporisation of 
ethanol is lower than that of water.

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

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

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

 (d) (i) Draw the full structural formula of propanone.

 [1]

  (ii) Name the strongest intermolecular force between two propanone molecules and explain 
why it is not hydrogen bonding.

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

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

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

 ...................................................................................................................................... [2]
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 (e) (i) Draw the skeletal formula of hexane.

[1]

  (ii) The intermolecular forces in hexane are instantaneous dipole–induced dipole.

   The enthalpy changes of vaporisation, in kJ mol–1, of hexane and propanone are similar.

   Explain this similarity in terms of intermolecular forces.

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

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

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

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

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

[Total: 17]

END OF QUESTION PAPER



22

© OCR 2010

BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE



23

© OCR 2010

BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE



24

© OCR 2010

PLEASE DO NOT WRITE ON THIS PAGE

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, is given to all schools that receive assessment material 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.



<<
  /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


