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Section A

Answer all questions in the spaces provided.

1 (a) (i)

1 (a) (ii)

1 (a) (iii)

1 (a) (iv)

The rate of hydrolysis of an ester X (HCOOCH,CH,CH3) was studied in alkaline
conditions at a given temperature. The rate was found to be first order with respect to
the ester and first order with respect to hydroxide ions.

Name ester X.

When the initial concentration of X was 0.024 moldm™ and the initial concentration
of hydroxide ions was 0.035 mol dm™3, the initial rate of the reaction was

8.5 x 10 moldm~2s™t.

Calculate a value for the rate constant at this temperature and give its units.

(@ 11o1 1] F=1 (o o JNP TR

(3 marks)

In a second experiment at the same temperature, water was added to the original
reaction mixture so that the total volume was doubled.
Calculate the initial rate of reaction in this second experiment.
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1 (a) (v)

1 (a) (vi)

In a third experiment at the same temperature, the concentration of X was half that
used in the experiment in part 1 (a) (iii) and the concentration of hydroxide ions was
three times the original value.

Calculate the initial rate of reaction in this third experiment.

State the effect, if any, on the value of the rate constant k when the temperature is
lowered but all other conditions are kept constant. Explain your answer.

| (o3 PR

EXPIANATION ... e e s

(2 marks)
1 (b) Compound A reacts with compound B as shown by the overall equation

A+ 3B — ABj
The rate equation for the reaction is

rate = k[A][B]?
A suggested mechanism for the reaction is
Step1 A +B—AB
Step2 AB +B — AB,
Step3 AB, +B — ABj
Deduce which one of the three steps is the rate-determining step.
Explain your answer.
Rate-deterMinNINg STEP ... iee et e e e e e r e e e e e e e eeaeas
EXPIANATION ...t e e s
............................................................................................................................. (2marks)

Turn over p

03

WMP/Jan11/CHEM4

Do not write
outside the
box

PMT



There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

0 &4

WMP/Jan11/CHEM4

Do not write
outside the
box

PMT



2 (a) (i)

2 (a) (i)

2 (a) (iii)

This question is about the pH of several solutions.
Give all values of pH to 2 decimal places.

Write an expression for pH.

Calculate the pH of the solution formed when 10.0 cm® of 0.154 mol dm™ hydrochloric

acid are added to 990 cm?® of water.

(2 marks)
2 (b) The acid dissociation constant, K, for the weak acid HX has the value

4.83 x 10~ moldm™ at 25 °C.
A solution of HX has a pH of 2.48
Calculate the concentration of HX in the solution.

(4 marks)

Question 2 continues on the next page
Turn over
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2 (c) Explain why the pH of an acidic buffer solution remains almost constant despite
the addition of a small amount of sodium hydroxide.

(2 marks)
2 (d) The acid dissociation constant, K;, for the weak acid HY has the value
1.35 x 10~ moldm~ at 25 °C.
A buffer solution was prepared by dissolving 0.0236 mol of the salt NaY in
50.0 cm® of a 0.428 mol dm™3 solution of the weak acid HY
2 (d) (i) Calculate the pH of this buffer solution.
(4 marks)

0 6
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2 (d) (ii) A 5.00 x 10~ mol sample of sodium hydroxide was added to this buffer solution.

Calculate the pH of the buffer solution after the sodium hydroxide was added.

(4 marks)

Turn over for the next question

Turn over p»
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3 Synthesis gas is a mixture of carbon monoxide and hydrogen. Methanol can be
manufactured from synthesis gas in a reversible reaction as shown by the
following equation.

CO(g) + 2Hy( == CH30H(g) AH® = —91 kJmol™

3 (a) A sample of synthesis gas containing 0.240 mol of carbon monoxide and 0.380 mol of
hydrogen was sealed together with a catalyst in a container of volume 1.50 dm?.
When equilibrium was established at temperature T; the equilibrium mixture
contained 0.170 mol of carbon monoxide.

Calculate the amount, in moles, of methanol and the amount, in moles, of hydrogen in
the equilibrium mixture.

MELNANOL ...
HYAIOGEN oo
(2 marks)
3 (b) A different sample of synthesis gas was allowed to reach equilibrium in a similar

container of volume 1.50 dm? at temperature T,

At equilibrium, the mixture contained 0.210 mol of carbon monoxide, 0.275 mol of
hydrogen and 0.0820 mol of methanol.

3 (b) (i) Write an expression for the equilibrium constant K. for this reaction.

(1 mark)
3 (b) (ii) Calculate a value for K. for the reaction at temperature T; and state its units.
CAICUIBLION ... nnnnnes
O] PP PSP P TP PRI
(4 marks)

3 (b) (iii) State the effect, if any, on the value of K; of adding more hydrogen to the equilibrium
mixture.
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3 (¢)

3 (d)

3 (e)

The temperature of the mixture in part 3 (b) was changed to T, and the mixture was
left to reach a new equilibrium position. At this new temperature the equilibrium
concentration of methanol had increased.

Deduce which of Ty or T is the higher temperature and explain your answer.

HIGNEI TEMPEIATUIE ..ottt e e e e e e e e e e e e e eeeens

EXPIaNation ....ocoooiiiiiii

(3 marks)

The following reaction has been suggested as an alternative method for the production
of methanol.

COy(g) + 3Ha(g) ==  CH3zOH(g) + H20(g)
The hydrogen used in this method is obtained from the electrolysis of water.

Suggest one possible environmental disadvantage of the production of hydrogen by
electrolysis.

One industrial use of methanol is in the production of biodiesel from vegetable oils
such as

cleoo<:<:17H35
cl:HooccﬂH31
CH,00CC17Hag

Give the formula of one compound in biodiesel that is formed by the reaction of
methanol with the vegetable oil shown above.

09
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4 (a) Name compound Y, HOCH,CH,COOH

(1 mark)
4 (b) Under suitable conditions, molecules of Y can react with each other to form a polymer.
4 (b) (i) Draw a section of the polymer showing two repeating units.

(1 mark)
4 (b) (ii) Name the type of polymerisation involved.

(1 mark)
4 (c) When Y is heated, an elimination reaction occurs in which one molecule of Y loses one

molecule of water. The organic product formed by this reaction has an absorption at
1637 cmt in its infrared spectrum.

4 (c) (i) Identify the bond that causes the absorption at 1637 cm~tin its infrared spectrum.

(1 mark)
4 (c) (ii) Write the displayed formula for the organic product of this elimination reaction.
(1 mark)
4 (c) (iii) The organic product from part 4 (c) (ii) can also be polymerised.
Draw the repeating unit of the polymer formed from this organic product.
(1 mark)
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4 (d) At room temperature, 2-aminobutanoic acid exists as a solid.
Draw the structure of the species present in the solid form.

(1 mark)

4 (e) The amino acid, glutamic acid, is shown below.
COOH

H2N—(|3—CH2—CH2—COOH

H

Draw the structure of the organic species formed when glutamic acid reacts with each
of the following.

4 (e) (i) an excess of sodium hydroxide

(1 mark)
4 (e) (ii)) an excess of methanol in the presence of concentrated sulfuric acid
(1 mark)
4 (e) (iii) ethanoyl chloride
(1 mark)
Question 4 continues on the next page
Turn over »

11

WMP/Jan11/CHEM4



PMT

12 utse he
box
4 (f) A tripeptide was heated with hydrochloric acid and a mixture of amino acids was

formed. This mixture was separated by column chromatography.

Outline briefly why chromatography is able to separate a mixture of compounds.
Practical details are not required.

(3 marks)
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5 (a)

5 (b)

5 (¢)

5 (c) (i)

5 (c) (i)

Atenolol is an example of the type of medicine called a beta blocker. These medicines
are used to lower blood pressure by slowing the heart rate. The structure of atenolol
is shown below.

OH CHs

| |
CHfa<::>}4}—CHT—CH—CH2 CH—CHj
p q

J K

Give the name of each of the circled functional groups labelled J and K on the structure
of atenolol shown above.

Functional group labelled J ...........ueiiiiii i e aaan

Functional group labelled K ...
(2 marks)

The *H n.m.r. spectrum of atenolol was recorded.

One of the peaks in the *H n.m.r. spectrum is produced by the CH, group labelled p in
the structure of atenolol.

Use Table 2 on the Data Sheet to suggest a range of § values for this peak.

Name the splitting pattern of this peak.

RANGE OF O VAIUES ...ttt e e e e aeeas
Name Of SPIIttNG PALIEIN ......eiiiiiiiiiiit e e e e eeas
(2 marks)
N.m.r. spectra are recorded using samples in solution.
The *H n.m.r. spectrum was recorded using a solution of atenolol in CDCls
Suggest why CDCl; and not CHCl; was used as the solvent.
(1 mark)

Suggest why CDCl; is a more effective solvent than CCl, for polar molecules such as
atenolol.

1 4
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5 (d) The BC n.m.r. spectrum of atenolol was also recorded.

Use the structure of atenolol given to deduce the total number of peaks in the
13¢ n.m.r. spectrum of atenolol.

(1 mark)
5 (e) Part of the *C n.m.r. spectrum of atenolol is shown below. Use this spectrum and

Table 3 on the Data Sheet, where appropriate, to answer the questions which follow.

100 80 60 40 20 0
d/ppm

5 (e) (i) Give the formula of the compound that is used as a standard and produces the peak at
d = 0 ppm in the spectrum.

5 (e) (i) One of the peaks in the *C n.m.r. spectrum above is produced by the CHz group
labelled q in the structure of atenolol.
Identify this peak in the spectrum by stating its 6 value.

5 (e) (iii) There are three CH, groups in the structure of atenolol. One of these CH, groups
produces the peak at & = 71 in the 3C n.m.r. spectrum above.
Draw a circle around this CH, group in the structure of atenolol shown below.

OH H CHs;
HN—C —CH2@O—CHZ—(LH—CHZ—I{I—('IH—CHg
g
(1 mark)
Question 5 continues on the next page
Turn over »
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5 (f) Atenolol is produced industrially as a racemate (an equimolar mixture of two
enantiomers) by reduction of a ketone. Both enantiomers are able to lower blood
pressure. However, recent research has shown that one enantiomer is preferred in
medicines.

5 (f) (i) Suggest a reducing agent that could reduce a ketone to form atenolol.

5 (f) (ii) Draw a circle around the asymmetric carbon atom in the structure of atenolol shown
below.

OH H CHs

| |
HIN—C —CH, @O—CHZ—CH—CHZ—N—CH—CHg

@)
(1 mark)

5 (f) (iii) Suggest how you could show that the atenolol produced by reduction of a ketone was
a racemate and not a single enantiomer.

(2 marks)

5 (f) (iv) Suggest one advantage and one disadvantage of using a racemate rather than a
single enantiomer in medicines.

F Yo 1VZ= g £= Vo = TP PP PP TP PPPPPPP

(2 marks)
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Section B

Answer all questions in the spaces provided.

6 Many synthetic routes need chemists to increase the number of carbon atoms in a
molecule by forming new carbon—carbon bonds. This can be achieved in several ways
including

e reaction of an aromatic compound with an acyl chloride
¢ reaction of an aldehyde with hydrogen cyanide.

6 (a) Consider the reaction of benzene with CH3CH,COCIl

6 (a) (i) Write an equation for this reaction and name the organic product.
Identify the catalyst required in this reaction.
Write equations to show how the catalyst is used to form a reactive intermediate and
how the catalyst is reformed at the end of the reaction.

18
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6 (a) (ii) Name and outline a mechanism for the reaction of benzene with this reactive
intermediate.

Question 6 continues on the next page

Turn over p»
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6 (b) Consider the reaction of propanal with HCN

6 (b) (i) Write an equation for the reaction of propanal with HCN and name the product.

2 0
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6 (b) (iii) The rate-determining step in the mechanism in part 6 (b) (ii) involves attack
by the nucleophile.

Suggest how the rate of reaction of propanone with HCN would compare with the
rate of reaction of propanal with HCN
Explain your answer.

Turn over for the next question
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7 (a)

7 (b)

7 (c)

The compound (CH3CH,),NH can be made from ethene in a three-step synthesis as
shown below.

Step 1 Step 2 Step 3
ethene —> F —_— G ——> (CH3CH,),NH

Name the compound (CH3CH,),NH

Identify compounds F and G.
(0] 4010700 o I =PRSS PPRSPR

COMPOUNG G ettt e e b e e et et e e sk b e e e e e e b e e e e e s sne et e e e nnne e e e e anreneean
(2 marks)

For the reactions in Steps 1, 2 and 3,

e give a reagent or reagents
e name the mechanism.

Balanced equations and mechanisms using curly arrows are not required.

2 2
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7 (d) Identify one organic impurity in the product of Step 3 and give a reason for its
formation.
(2 marks)
(EXEF8 SPACE) ...ttt ?

END OF QUESTIONS

2 3

WMP/Jan11/CHEM4



PMT

24

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

Copyright © 2011 AQA and its licensors. All rights reserved.

2 4

WMP/Jan11/CHEM4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




