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Answer all the questions in the space provided.

Compound A is an organic compound which contains carbon, hydrogen and oxygen.
When 0.240g of the vapour of A is slowly passed over a large quantity of heated copper(ll)
oxide, CuO, the organic compound A is completely oxidised to carbon dioxide and water.
Copper is the only other product of the reaction.

The products are collected and it is found that 0.352g of CO, and 0.144g of H,O are
formed.

(&) Inthis section, give your answers to three decimal places.

(i) Calculate the mass of carbon present in 0.352g of CO,,

Use this value to calculate the amount, in moles, of carbon atoms present in 0.2409g
of A.

(if) Calculate the mass of hydrogen present in 0.144g of H,0.

Use this value to calculate the amount, in moles, of hydrogen atoms presentin 0.240g
of A.

(iii) Use your answers to calculate the mass of oxygen present in 0.240g of A.

Use this value to calculate the amount, in moles, of oxygen atoms presentin 0.2409g
of A.

[6]
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(b) Use your answers to (a) to calculate the empirical formula of A.

(c) When a 0.148g sample of A was vapourised at 60°C, the vapour occupied a volume of
67.7 cm?3 at a pressure of 101 kPa.

(i) Use the general gas equation pV = nRT to calculate M, of A.

(i) Hence calculate the molecular formula of A.

[3]

(d) Compound A is a liquid which does not react with 2,4-dinitrophenylhydrazine reagent or
with aqueous bromine.

Suggest two structural formulae for A.

[2]
(e) Compound A contains only carbon, hydrogen and oxygen.

Explain how the information on the opposite page about the reaction of A with CuO
confirms this statement.

[Total: 13]
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The Periodic Table we currently use is derived directly from that proposed in
Mendeleev who had noticed patterns in the physical and chemical properties of the ele
he had studied.

The diagram below shows the first ionisation energies of the first 18 elements of the Periodic
Table.

25001
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first
ionisation 1501 Ar
energy
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(a) Give the equation, including state symbols, for the first ionisation energy of sulfur.

(b) Explain why there is a general increase in first ionisation energies across the Period
from sodium to argon.

(c) (i) Explain why the first ionisation energy of magnesium is greater than that of
aluminium.
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The table below refers to the elements of the third Period sodium to sulfur
incomplete.

element Na Mg Al Si P S
conductivity high
melting point high

(d) (i) Complete the ‘conductivity’ row by using only the words ‘high’, ‘moderate’ or ‘low’.
(i) Complete the ‘melting point’ row by using only the words ‘high’ or ‘low’. [5]
When Mendeleev published his first Periodic Table, he left gaps for elements that had yet
to be discovered. He also predicted some of the physical and chemical properties of these
undiscovered elements.
For one element, E, he correctly predicted the following properties.
melting point of the element high
melting point of the oxide high

boiling point of the chloride low

The element E was in the fourth Period and was one of the elements from gallium, proton
number 31, to bromine, proton humber 35.

(e) By considering the properties of the third Period elements aluminium to chlorine, suggest
the identity of the fourth Period element E.

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

[Total: 15]
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In such cases, the use of Hess’ Law enables the enthalpy change of reaction to be calculate
from the enthalpy changes of other reactions.

(a) State Hess’ Law.

In order to determine the enthalpy change for the thermal decomposition of potassium
hydrogencarbonate, two separate experiments were carried out.

experiment 1

30.0cm?3 of 2.00moldm=23 hydrochloric acid (an excess) was placed in a conical flask and the
temperature recorded as 21.0°C.

When 0.0200 mol of potassium carbonate, K,CO,, was added to the acid and the mixture
stirred with a thermometer, the maximum temperature recorded was 26.2 °C.

(b) (i) Construct a balanced equation for this reaction.

(i) Calculate the quantity of heat produced in experiment 1, stating your units.
Use relevant data from the Data Booklet and assume that all solutions have the
same specific heat capacity as water.

(iif)  Use your answer to (ii) to calculate the enthalpy change per mole of K,CO,.
Give your answer in kJ mol~! and include a sign in your answer.

(iv) Explain why the hydrochloric acid must be in an excess.
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experiment 2

The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, KHCO,.
All other conditions were the same.

In the second experiment, the temperature fell from 21.0°C to 17.3°C.

(c) (i) Construct a balanced equation for this reaction.

(ii) Calculate the quantity of heat absorbed in experiment 2.

(iii) Use your answer to (ii) to calculate the enthalpy change per mole of KHCO,.
Give your answer in kJ mol~ and include a sign in your answer.

[3]
(d) When KHCO, is heated, it decomposes into K,CO,, CO, and H, 0.
2KHCO; — K,CO,4 + CO, + H,0
Use Hess’ Law and your answers to (b)(iii) and (c)(iii) to calculate the enthalpy change

for this reaction.
Give your answer in kJ mol~! and include a sign in your answer.

2]

[Total: 11]
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4  But-1-ene, CH,CH,CH=CH,, is an important compound in the petrochemical industr
(@) Some reactions of but-1-ene are given below.

In each empty box, draw the structural formula of the organic compound formed.

CH,CH,CH=CH,

H,0(9)
H3PO, catalyst

MnO, /H*
hot, concentrated

MnO, /H*
cold, dilute

\Y

Cr2072‘/ H*
heat under reflux

[5]
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(b) Compound T reacts with compound U.

Draw the displayed formula of the organic product of this reaction.

(2]

[Total: 7]
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astronomers constantly look for evidence that amino acids such as aminoethanoic ac

H,NCH,CO,H, are present.
One molecule that has been found in the dust clouds is hydroxyethanal, HOCH,CHO.

(&) Hydroxyethanal contains two functional groups.

(i) Name, as fully as you can, each of the functional groups present in

hydroxyethanal.

(i) For each functional group, identify a reagent that will react with this group and not

react with the other functional group present.

In each case, describe what would be observed when this reaction is carried out.

functional group 1 reagent ........cccvvvvvvvvvivniiniiieniieerreereeereeeeree..
observation...........ccceeeei
functional group 2 reagent ........ccoviviiiiiiiieeee e

(0] 11T V2= 1 110 o T

[7]

(b) Give the skeletal formulae of the organic compounds formed when hydroxyethanal is

reacted separately with the following.

() NaBH,

(ii) Cr,0,27/H* under reflux conditions

2]
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In a school or college laboratory, it is possible to convert a sample of hydrox
into aminoethanoic acid in a three-step process.

HOCH,CHO __stepl _ x __stp2 _ 'y _ stp3 _ H NCH,CO,H

By considering the possible reactions of the functional groups present in hydroxyethanal,
you are to deduce a possible route for this conversion.

(c) (i) Inthe boxes below, draw the structural formulae of your suggested intermediates X
and Y.

(ii) State the reagents for each of the three steps you have chosen.

SIEP S [5]

[Total: 14]



http://www.studentbounty.com/
http://www.studentbounty.com

12

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the

publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of


http://www.studentbounty.com/
http://www.studentbounty.com


<<
  /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




