Centre Number
= /

—

@,-

Rewarding Learning

ADVANCED SUBSIDIARY (AS)
General Certificate of Education
2024

Candidate Number

Chemistry
Assessment Unit AS 2

assessing
Further Physical and Inorganic

Chemistry and an Introduction to MV1 8
Organic Chemistry

[SCH24]
TUESDAY 21 MAY, MORNING

1 hour 30 minutes, plus your additional time allowance.

Instructions to Candidates

Write your Centre Number and Candidate Number in the
spaces provided at the top of this page.

Answer all sixteen questions in Sections A and B.

You must answer the questions in the spaces provided.
Do not write on blank pages.

Complete in black ink only.

Information for Candidates

The total mark for this paper is 90.

Quality of written communication will be assessed in

Question 13(b).

The figures in brackets printed at the end of each question
indicate the marks awarded to each question or part question.
A Periodic Table of Elements, containing some data, is included
with this question paper.

14096.02 MV18




Section A

For each of the following questions, only one of the lettered
responses (A-D) is correct.

Select the correct response for each question and write the
appropriate letter in the space provided.

1 Which one of the following exhibits E—-Z isomerism?
[1 mark]

A H,C=CHCI

B (CH3),C=CH,

C H,C=CHCHj

D CH3CH=C(CH3)C,Hs

Answer
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2 Which one of the following is the atom economy for the
production of ethanol by fermentation? [1 mark]

CgH1206 = 2CH3CH,0OH + 2CO,
A 25.6%
B 34.3%
C 51.1%
D 67.6%

Answer
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3 When 10cm3 of 2.0mol dm=3 hydrochloric acid is reacted
with 10cm?3 of 2.0mol dm=3 sodium hydroxide solution, the
temperature change is AT.

HCl(aq) + NaOH(aq) — NaCl(aq) + H,0(l)

Which one of the following is the temperature change when
the reaction is repeated with 50 cm? of each solution?
[1 mark]

A %XAT

B AT

C 5xAT

D 10 %2 x AT

Answer
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4 The equation for the reaction of propene with
hydrogen bromide is shown below.

CH3CH=CH5 + HBr - CH3CHBrCHs

Which one of the following describes the mechanism for
this reaction?  [1 mark]

A electrophilic addition
B electrophilic substitution
C nucleophilic addition
D nucleophilic substitution

Answer

5 Which one of the following is the percentage yield of
propanoic acid if 81.5g are formed by the complete
oxidation of 90.0g of propan-1-0l?  [1 mark]
C3H7OH + 2[0] -» CoH5COOH + H,O
A 73.4%

B 88.6%
C 89.5%
D 90.6%

Answer
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6 Which one of the following is the catalyst used in the
hydrogenation of alkenes?  [1 mark]

A iron

B manganese(lV) oxide
C nickel

D vanadium(V) oxide

Answer

7 Which one of the following reacts with ethanol to produce
steamy fumes? [1 mark]

A ammonia

B hydrogen chloride

C phosphorus(V) chloride
D sodium

Answer
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8 Which one of the following equations correctly shows a
propagation step in the photochemical radical substitution
reaction of methane with bromine?  [1 mark]

A CH4+Br, —» <CH;+ HBr
B eCH3+HBr — CH3Br+ He
C ‘CH3 + BI’2 —> CH3BF + Bre
D <CH3z+Bre — CH3Br

Answer

9 Which one of the following shows the products for the
reaction of magnesium with steam? [1 mark]

A magnesium hydroxide and hydrogen
B magnesium hydroxide and oxygen
C magnesium oxide and hydrogen

D magnesium oxide and oxygen

Answer
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10 Which one of the following is the major product in the
reaction between but-1-ene and hydrogen bromide?
[1 mark]
A 1-bromobutane
B 2-bromobutane
C 1,1-dibromobutane

D 1,2-dibromobutane

Answer
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Section B
Answer all six questions in this section
11 Halogenoalkanes are reactive organic molecules.
(a) There are four structural isomers with the formula

C4HgCl. Complete the table below to give information
about these isomers.  [5 marks]

IUPAC name Skeletal formula | Classification
1-chlorobutane Primary
)\/CI Primary
Secondary
2-chloro-2-methylpropane /}\
Cl
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(b) 2-chloro-2-methylpropane reacts with aqueous
potassium hydroxide.

(i) State the IUPAC name of the organic product of this
reaction. [1 mark]

(i) Draw the mechanism for the reaction of
2-chloro-2-methylpropane with aqueous
potassium hydroxide. [4 marks]
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(c) The progress of the reaction between
2-chloro-2-methylpropane and aqueous
potassium hydroxide can be monitored using infrared
spectroscopy.

(i) Explain why organic molecules absorb infrared
radiation.  [1 mark]

(if) Describe how the infrared spectrum of
2-chloro-2-methylpropane is different from that of the
purified product of the reaction in part (b).

[1 mark]
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(d) Complete the following table, outlining reactions of

1-chlorobutane with different reagents.

[4 marks]

Structure of organic

Reagent [Conditions | Reaction type product
. Reflux in
Potassium .
. ethanolic
hydroxide .
solution
Ammonia
. in ethanol,
Ammonia heat in CH3CH2CH2CH2NH2
sealed tube
Potassium Reflux in
. ethanolic Substitution
cyanide .
solution

14096.02 MV18
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12 Enthalpy changes may be determined using average bond
enthalpy values and by Hess’s Law.

(a) Define the following terms:  [2 marks for each]

(i) Average bond enthalpy

(if) Hess’s Law
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(b) The equation for the thermal decomposition of barium
nitrate is given below.

2Ba(NOg3)(s) — 2BaO(s) + 4NO2(g) + O2(9)

The table below shows some enthalpy changes which
are involved in the determination of the enthalpy of
decomposition of barium nitrate.

Enthalpy . AH
change Equation /kJ mol™1
Enthalpy of

formation of Ba(s) + No(g) + 3045(g) > Ba(NO3),(s) | —988.0
barium nitrate

Enthalpy of

formahon pf Ba(s) + 1502(9) _» BaO(s) —558.1
barium oxide

Enthalpy of

formation of +33.2

nitrogen dioxide

(i) Write an equation for the enthalpy of formation of
nitrogen dioxide.  [2 marks]

14096.02 MV18 1 4



(if) Using Hess'’s Law, calculate a value for the enthalpy
change for the thermal decomposition of
barium nitrate per mole of barium nitrate. Give your
answer to 3 significant figures.  [4 marks]

Answer kJ mol™1
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(c) The complete combustion of propanone is represented
by the equation below:

CH3COCH3 + 402 —> 3C02 + 3H20 AH = —1821kJ mol™1

Calculate the average bond enthalpy of the C=0 bond.
[4 marks]

Bond |Average bond enthalpy

/kJ mol~1

C—H 412

C—C |[348

O—H |463

O=0 [496

Answer kJ mol™1
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13 Organic compounds undergo a wide range of reactions.
(a) But-1-ene can undergo addition polymerisation.

Draw the structure of the polymer formed from
but-1-ene, showing three repeating units.  [1 mark]
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(b) The reactivity of alkenes is due to the presence of the
C=C functional group.

Describe how C=C and C—C bonds are formed in
terms of sigma and pi bonds.

Compare the bond strength, bond length and reactivity of
the C=C and C—C bonds. [6 marks]

In this question you will be assessed on using your
written communication skills including the use of
specialist scientific terms.
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(c) The structures of two organic compounds, labelled
A and B, are shown below. Compound A reacts
with hydrogen and compound B reacts with acidified
potassium dichromate(VI) solution.

A B
e T
H—C—C—C=C—C—H H—C—C—C—C—OH
[ [

H HH H H H H H H

(i) Write the empirical formula of compound A.
[1 mark]

(ii) State the IUPAC names of compounds A and B.
[2 marks]

A
B

(iii) State the IUPAC name of the compound formed
when A reacts with hydrogen.  [1 mark]

(iv) State the type of reaction which occurs when
compound B reacts with acidified
potassium dichromate(VI) solution.  [1 mark]
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(v) Draw the structural formula of another alcohol, which
is an isomer of compound B, that would not react
with acidified potassium dichromate(VI) solution.
Explain your answer.  [2 marks]
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14 Sulfuric acid is manufactured by the Contact process.

One reaction in this process involves the conversion of
sulfur dioxide to sulfur trioxide according to the following
equation:

2S0,(g) + O5(g) = 2S04(g) AH = ~196 kJmol™1

(a) This reaction can reach dynamic equilibrium. Define the
term dynamic equilibrium. [2 marks]

(b) Write an expression for K. for the above reaction and
state its units.  [2 marks]

Units:
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(c) State and explain the effect of increasing the pressure
on the equilibrium yield of sulfur trioxide. [3 marks]

(d) On the axes below, draw an enthalpy level diagram for
this reaction. Label the axes and the enthalpy change
(AH).  [3 marks]
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(e) The sulfur trioxide produced in the Contact process
is absorbed into 98% sulfuric acid to produce oleum
(H,S207). The oleum is then diluted by dissolving it in
water to produce sulfuric acid.

Write an equation for the reaction between oleum and
water to produce sulfuric acid.  [1 mark]
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15 (a) Catalytic converters convert unreacted hydrocarbons,
such as ethane, to less harmful products.

Calculate the total volume, in dm3, of gaseous products
formed when 11.85kg of ethane were reacted with
excess nitrogen(lV) oxide in a catalytic converter.

[3 marks]

The molar gas volume is 24 dm3.

4CyHg(g) + 14NO2(g) > 8CO0O5(g) + 7N3(g) + 12H,0(1)

Answer dm?3
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(b) The Maxwell-Boltzmann distribution of molecular
energies for a mixture of ethane and nitrogen(lV) oxide
at 300K is shown below.

Number of molecules

Ea Energy

(i) With reference to the graph, explain how the catalyst
increases the rate of this chemical reaction.
[3 marks]

(if) Sketch on the graph the distribution of molecular
energies you would expect to obtain at 500 K.
[2 marks]
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(c) Alkanes can be replaced as fuels by hydrogen or by
alcohols, such as ethanol.

The table below compares the use of hydrogen and

ethanol as fuels.

Ener Ener State at
Enthalpy of 9y Y | room
: evolved [evolved
Fuel combustion per gram | per cm? temperature
—1
/kd mol 1kJ 1kJ and
pressure

Hydrogen |—-286 143 0.012 gas
Ethanol —-1367 liquid

(i) Write an equation for the complete combustion of
one mole of ethanol. [2 marks]

(ii) Calculate the molar mass of ethanol.  [1 mark]

Answer

g mol™1

26
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(iti) Calculate the energy evolved per gram for ethanol.
[1 mark]

Answer kJ

(iv)Calculate the energy evolved per cm? for ethanol.
The density of ethanol is 0.79g cm™3.  [2 marks]

Answer kJ

(v) Suggest one environmental advantage of using
hydrogen as a fuel rather than ethanol. [1 mark]
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16 The solubility of Group Il compounds in water varies greatly.

(a) Explain what is meant by the term solubility.
[1 mark]
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(b) The graph below shows the solubility of magnesium
sulfate at different temperatures.

34 |

33 m

32

31

30

29

28

27

26

Solubility /g/100 g water

25

24

23

22 /

21

20
0O 5 10 15 20 25 30 35 40 45 50

Temperature /°C
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(i) Calculate the mass of solid that would crystallise
when a saturated solution of magnesium sulfate in
2kg of water is cooled from 30°C to 20°C.

[2 marks]

Answer g

(i) Magnesium sulfate is formed when magnesium
reacts with sulfuric acid. Write an equation for this
reaction. [1 mark]

(c) Group Il metals react with water to form metal
hydroxides.

(i) Write an equation for the reaction of calcium with
water. [1 mark]
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(if) State the trend in solubility of the Group Il
hydroxides. [1 mark]

(d) The table below shows the decomposition temperatures
of the Group |l carbonates.

Decomposition temperature
I°C

magnesium carbonate [ 540

Group Il carbonate

calcium carbonate 900

strontium carbonate 1290

barium carbonate 1360

(i) Write an equation for the decomposition of
strontium carbonate. [1 mark]
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(if) State and explain the trend in the thermal stability of
the Group Il carbonates.  [3 marks]

This is the end of the question paper

14096.02 MV18 32












Permission to reproduce all copyright material has been applied for.
In some cases, efforts to contact copyright holders may have been unsuccessful and CCEA
will be happy to rectify any omissions of acknowledgement in future if notified.

14096.02 MV18




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 300
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


