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Answer all the questions.

The first commercially useful azo dye was chrysoidine, designed by Otto Witt in 1875.

H,N

chrysoidine

(a) Witt made this dye by first forming the diazonium salt A shown below.

salt A

(i) Give the name of the organic compound from which salt A can be made in one step.

..................................................................................................................................... [1]
(ii) Witt reacted another organic compound with salt A to make chrysoidine.

Draw the structure of this organic compound.

1]

(iii) Give the condition needed for the reaction in (ii).

..................................................................................................................................... [1]
(iv) Classify the reaction mechanism for the coupling reaction in (ii).

..................................................................................................................................... [2]
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(b) From the structure, Witt predicted that chrysoidine would be an orange dye, knowing that two
other dyes had the colours shown below.

H,N
HoN

brown yellow

(i) Explain the reasoning behind Witt’s prediction.

(ii) Explain why these three dyes are coloured and why the colour varies between them.

/ In your answer you should make it clear how the points you make link together.
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(c) Explain, in terms of structure and bonding, why benzene undergoes mainly substitution
reactions, rather than addition reactions.

[Total: 16]
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Sulfur hexafluoride is a colourless, non-toxic gas. It reacts with lithium to give off a large amount of
heat energy that is used to power torpedoes.

Sulfur hexafluoride can be made by oxidising sulfur tetrafluoride with oxygen.

Sulfur tetrafluoride can be made by heating sulfur with copper(Il) fluoride as shown in
equation 2.1 below.

(@) (i)

(ii)

(b) (i)

(ii)

3S + 2CuF, — SF, + 2CuS equation 2.1

In equation 2.1, what is oxidised and what is reduced?

.......................................... is reduced from oxidation state ............. 10 ................ [4]

Suggest an equation for the reaction of sulfur tetrafluoride with oxygen to form sulfur
hexafluoride.

11
Write the electron configuration for a sulfur atom, in terms of s and p electrons.

11
Draw a ‘dot-and-cross’ diagram for sulfur hexafluoride, SF.

[2]

(iii) Draw a three-dimensional diagram to show the shape of SF,. Show one bond angle on

© OCR 2011

the diagram and indicate its value.

[3]
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6
The reaction of sulfur hexafluoride with lithium is:

8Li + SF;, — Li,S + 6LiF AH = -3000kJ mol™ equation 2.2

(c) (i) Calculate the mass of lithium needed to react with 297 kg of sulfur hexafluoride. Give
your answer to an appropriate number of significant figures.

Some data for the substances in equation 2.2 are given in Table 2.1.

Li SF, Li,S LiF

melting point/K 454 223 1211 1118

Spgg/J K mol™ +29 +292 +40 +36
Table 2.1

(ii) Give the systematic name for Li,S.

..................................................................................................................................... [1]
(iii) Name the type of bonding, at 298K, in:

1100 o PO PPTTR

SUIFUF NEXAFIUOKIAE ..o

1 T I 110 T o = PP [3]

(d) SFg and hexanedioic acid, HOOC(CH,),COOH, have approximately the same M,.

Explain, in terms of intermolecular bonds, why SF; is a gas at room temperature whereas
hexanedioic acid is a solid.

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

© OCR 2011
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(e) (i) Use datain Table 2.1 to calculate ASSyS for the reaction in equation 2.2 at 298K.

8Li + SF;, — Li,S + 6LiF AH =-3000kJ mol" equation 2.2

ASe = oo JK-Tmol" [2]

sys

(i) Calculate the value of AS, ; for the reaction in equation 2.2 at 298K.

ASi = orrrrrrreeeeeessseseenisns JK='mol" [2]

(f) The reaction in equation 2.2 is started using a fuse made from aluminium powder and
potassium chlorate(VII).

(i) Give the formula of potassium chlorate(VII).

[Total: 29]
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Auxins are hormones that promote plant growth. Phenylethanoic acid acts as an auxin.

@)

OH

phenylethanoic acid

(a) Give the molecular formula of phenylethanoic acid.

(b) Phenylethanoic acid is soluble in hot water. Write the equation for the reaction of phenylethanoic
acid solution with calcium carbonate, using molecular formulae.

[2]

(c) Retrosynthetic analysis uses a process called disconnection to describe the imagined
breaking of bond(s) to produce fragments, called synthons.

Retrosynthetic analysis can be used to plan the synthesis of phenylethanoic acid. One
possible disconnection to produce two synthons is shown below.

O

bond breaks
CH,*

— +  ~COOH

phenylethanoic acid synthons

OH

(i) Draw a ‘curly arrow’ on the molecule of phenylethanoic acid above to show the movement
of the electrons if the bond indicated were to break to produce these synthons. [1]

© OCR 2011
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(ii) Explain why synthons are not often used to make the required compound.

(iii) Reagents that are actually used in the first step of the synthesis of phenylethanoic acid
are shown below.

CH,Br

+ “CN

These reagents react by nucleophilic substitution.
Complete the equation above for this reaction. [1]1

(iv) Use your Data Sheet to suggest reagents and conditions to make phenylethanoic acid
from the organic product of the reaction in (iii).

(v) The forward reaction in (iii) is exothermic.

Predict and explain the effect of increasing the temperature on the position of the
equilibrium in (iii). How will this affect the equilibrium constant?

©OCR 2011 Turn over
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(d) Phenylethanoic acid acts as an auxin, promoting plant growth. The formulae of two other
auxins, ‘2,4-D’ and ‘IAA’ are shown below.

@) OH

CI

OH
\ OH
Cl N
H
phenylethanoic acid 2,4-D 1AA

(i) Name the functional group circled in 2,4-D.
(ii) Name a functional group that is in IAA but not in 2,4-D or phenylethanoic acid.

(iii) Suggest one peak (above 1700cm™") that would be present in the infrared spectra of all
three auxins shown above.

Give the wavenumbers of the absorption range and the corresponding bond.

© OCR 2011
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(iv) Auxins work by fitting into receptors in the plant cells.
Suggest the part of the molecule that fits into these receptors.
Circle this on the structure of 2,4-D below.

O OH

Ci/

Cl
2,4-D
(1]

(e) 2,4-D can be used as a herbicide. It has such strong growth-promoting properties that plants
grow out of control and die.

2,4-D is often reacted with dimethylamine, (CH,),NH, to produce a salt.

(i) Draw the formula of this salt, showing the charges on the ions.

[2]
(ii) The salt of 2,4-D is preferred for use as a herbicide.

Suggest why 2,4-D is converted into a salt to be used as the herbicide.

©OCR 2011 Turn over
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(f) 2,4-D is an effective herbicide but it is toxic to humans and other animals.

Suggest two arguments that farmers might give to be allowed to continue to use 2,4-D.

[Total: 20]
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In 1925, A.W. Francis reported that he had reacted ethene with bromine in sodium chloride
solution.
An oil was formed in which he identified CH,BrCH,Br and CH,BrCH,CL

(a) Give the systematic names of CH,BrCH,Br and CH,BrCH,CL

(b) Carbon-halogen bonds are polar. CH,BrCH,CI has an overall dipole, but another
halogenoalkane, CBrsCBrS, has no overall dipole.

*  Describe and explain the polarity of a carbon—halogen bond.
e Explain why CBr;CBr, has no overall dipole.

*  Explain why CH,BrCH,C! has an overall dipole.

(c) Francis fractionally distilled the oil and identified its components using their densities and
boiling points. Today, the oil might be vaporised and analysed using a chromatographic
technique.

Name this technique.

©OCR 2011 Turn over
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(d) Explain, in terms of intermolecular bonds, why CH,BrCH,Br and CH,BrCH,CI dissolve in
each other, but do not dissolve in water.

/ In your answer you should make it clear how the points you make link together.

(e) Francis’s experiment led to an understanding of the mechanism of the addition of halogens to
alkenes.

(i) Draw the mechanism for the attack of bromine on ethene to form an intermediate,
showing bond polarisations and curly arrows.

[4]

(ii) The reaction in (i) is described as electrophilic addition. Explain the meaning of the term
electrophile.

(iii) Francis reacted ethene with bromine in sodium chloride solution.

Explain why CH,CICH,Br was formed, but CH,CICH,Clwas not formed in this reaction.

© OCR 2011
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() From CH,BrCH,Br it is possible to make ethanedioic acid, (COOH),, by a two-step synthesis.

Suggest the intermediate compound and give reagents and essential conditions for the two
steps involved.

[4]

(9) There are two isomers of C,H,Br,. One isomer has the proton NMR spectrum shown below.

3H

1110 9 8 7 6 5 4 3 2 1 O
d/ppm

*  Give the structural formula of the isomer.
*  Explain how the number of the peaks and their areas confirm this.

e Explain the splitting of the peaks.

[Total: 28]
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The phosphate buffer system operates in the internal fluids of all human cells.
A reaction involved is shown below.

(@ (i)

(ii)

(b) (i)

(ii)

(c) (i)

© OCR 2011

H,PO,” = H* + HPO,* equation 5.1

Suggest the systematic name for the ion HPO42‘, including the oxidation state of the
phosphorus.

..................................................................................................................................... [2]
Write the formula for the conjugate acid of H,PO,.
..................................................................................................................................... [1]
Write the expression for the K, for the reaction shown in equation 5.1
K, =
1]

Calculate the pH of a 0.10moldm3 solution of H,PO,".
K, =6.2 x 10" 8moldm™

PH = e [2]

Explain the meaning of the term buffer solution and explain why buffer solutions are
important in human cells.
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H,PO,”~ = H* + HPO,*" equation 5.1

(ii) Explain how a buffer solution based on equation 5.1 works when acid is added.

(iii) Calculate the pH of a buffer solution where the concentrations of HPO42‘ and H,PO,~
are equal.

©OCR 2011 Turn over
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H,PO,”~ = H* + HPO,* equation 5.1

K,=6.2 x 108 moldm™3

(d) A student prepared 1.0dm® of a pH 7.0 buffer solution based on the system shown in
equation 5.1.

The solution was prepared by dissolving Na,HPO, and NaH,PO, in deionised water.
The concentration of Na,HPO, in the prepared buffer solution was 0.10moldm™.

Calculate the mass of solid NaH,PO, (M, 120) that the student used in preparing this buffer
solution.

mass of NaH,PO, = ..., g [4]

(e) 15.0cm?3 of a 0.10moldm™ solution of NaH,PO, is titrated with a 0.40moldm™ solution of
sodium hydroxide. 7.5 cm? of the sodium hydroxide solution is needed to reach the end-point.

NaH,PO, + 2NaOH — Na,PO, + 2H,0

(i) Use the reaction shown in the equation to explain why 7.5cm? of the sodium hydroxide
solution is needed.

[2]

(ii) A student suggests that less than 7.5cm?3 of sodium hydroxide solution would be needed
since H,PO,~ is a weak acid.

Explain the error in the student’s argument.

© OCR 2011
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(f) When sodium hydroxide is dissolved in water, the solution gets warm.

Complete the diagram below to illustrate this, labelling the energy levels and the enthalpy
terms where this has not been done.

A

lattice
enthalpy

energy

Y NaOH(s)

[5]

[Total: 27]

END OF QUESTION PAPER

© OCR 2011



20

PLEASE DO NOT WRITE ON THIS PAGE

OCRY

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.
OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a

department of the University of Cambridge.

© OCR 2011




<<
  /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


