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Answerall questions.Answersmustbewrittenwithin theanswerboxesprovided.

Iron﴾ll﴿ sulfidecanbeproducedbyheatingpowdered iron and sulfur together.

﴾a﴿ Describe thedifferencebetweenanelementandacompound. [2]

﴾b﴿ Outline whysolid iron﴾ll﴿sulfide isapolar covalentcompound.Usesections9and 17

of thedatabooklet.
[1]



﴾C﴿ Contrastonephysical propertyof iron and iron﴾ll﴿ sulfide [1]

﴾d﴿ Calculate thewavelength,inm,for thelimitof convergence observed in the line

spectrumof iron.Use sections1,2and9of thedatabooklet. [3]



2. Cobaltions form colouredcompounds

﴾a﴿ Deduce theelectronconfigurationof the Co²+ion. [1]

﴾b﴿ Anequilibriumisestablishedwhenhydratedcobaltionsaremixedwithconcentrated

hydrochloricacid.

[Co�HO�]²�aq�+4Cl�aq�[CoCL²�aq�+6HO�l﴿

Pink Blue

﴾#﴿ PredicttheeffectonthevalueofKand theequilibriumpositionwhensolid

sodium chloride,NaCl﴾s﴿,isadded to the mixture atconstanttemperature. [1]
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Pink Blue

﴾#﴿ Predicttheeffecton thevalueofKand theequilibriumpositionwhensolid

sodium chloride,NaCl﴾s﴿,isadded to the mixture at constant temperature. [1]

﴾i﴿ Heatinganequilibrium mixture thatisinitiallypinkchangesthe colour topurplish‐

blue.Deduce,giving areason,whether theformationof[CoCl.]²�aq﴿isan

exothermicorendothermicprocess. [1]



3. Anequilibrium isestablishedbetweengaseouscarbonmonoxideandsteam.

CO�g�+HO﴾g�=CO�g�+H�g�

Under certain conditions of temperature andpressure,2.7mol of CO﴾g﴿and2.9mol of HO�g�

wereplaced ina 1dmcontainerandallowed toreachequilibrium.

﴾a﴿ State theequilibrium constantexpression,K,forthisequilibrium. [1]

﴾b﴿ Atequilibrium,therewas1.5molofCO,﴾g﴿present.Calculate theamount,inmol,of

theothergasesandhencefind thevalueof theequilibriumconstant,K. [2]



﴾Question3continued﴿

﴾C﴿
Amixtureof CO﴾g﴿and H﴾g﴿canbesed ina molten carbonate fuel cell,which is

similartoahydrogenfuelcell.

unused cO,and Ogasesout

CO2

CO2

CO,and H,in CO,and Oin

anode cathode

electrolyte

Deduce thehalf‐equationsfor thereactionsoccurringateachelectrode [2]



CO,and Hin CO,and O,in

anode cathode

electrolyte

Deducethehalf‐equationsforthereactionsoccurringateachelectrode.
[2]

Anode:CO²‐+ →CO2+

Cathode:CO2+ →CO²‐+

﴾d﴿ Suggestwhythemoltencarbonatefuelcellisconsidered tobe

environmentallyfriendly.
[1]



3.162gofcalciumcarbonate,CaCO�s﴿,isreactedwith20.0cm²of4.00moldm

hydrochloricacid,HCl�aq﴿.

﴾a﴿﴾i﴿ Writeanequationfor thereaction,including all statesymbols. [2]

Deducewhichreactantislimiting.Usesections 1,4and 7of thedatabooklet. [2]



Deducewhichreactantislimiting.Usesections 1,4and 7of thedatabooklet [2]

Calculate thevolume,indmatSTP,of thegasproduced.Usesection2ofthe

databooklet. [1]



﴾Question 4continued﴿

﴾b﴿ Therateofthisreactioncanbeexperimentallydeterminedbymeasuringthevolumeof

gasproduced astimeprogresses.

Sketchanothercurveforthereactiontakingplacewiththeacidatahigher

temperatureandallotherconditionsunchanged. [1]

Volume

Time



Time

﴾ii﴿ Outlinewhythereactionratewouldbelowerifethanoicacid,CHCOOH,were

usedinsteadofhydrochloricacid. [1]

﴾Thisquestioncontinueson thefollowingpage﴿



﴾C﴿ Calcium carbonate and calcium chlorideareioniccompounds

Annotate theBorn‐Habercycleforcalcium chloride,CaCl,byfilling thenames

ofprocessesandformulasofspecies,including state symbols,intheboxes. [3]

Ca²+�g�+2e+2Cl�g�

electron affinity﴾ies﴿
Processes:

Speciespresent:

Ca�g﴿+2Cl�g﴿

energiesofatomization
latticeenthalpy

Speciespresent:



Speciespresent:

Ca�g﴿+2Cl�g﴿

energiesofatomization
latticeenthalpy

Speciespresent:

enthalpyofformation

CaCl,﴾s﴿

﴾i﴿ Outlinewhythelatticeenthalpyofcalciumchlorideislowerthan thelattice

enthalpyofmagnesiumchloride. [1]



5. 40.0cmof1.0moldmsodiumhydroxide,NaOH�aq﴿,was gradually added to15.0cmof

1.0moldm‐ethanoicacid,CH,COOH�aq﴿.

﴾a﴿ SketchapHcurveforthistitration.
[e]
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VolumeNaOH/cm

﴾b﴿ NaOH﴾aq﴿and CH,COOH﴾aq﴿canbe mixed tomakea buffersolution.

﴾#﴿ Describehowthesesolutionscanproduce themosteffectivebuffer. [2]

﴾ii﴿ Writeequationstoshow theactionof thebuffersolutionwhensmall amountsofa

strongacidorastrongbaseareadded. [2]

Additionofstrongacid:

Additionofstrongbase:



6. Therateofreactionbetween solutionsofiron﴾ll﴿nitrate and sodium thiosulfatecan be

measuredusing thetimeittakesforthecolourtochange.

﴾a﴿ Thefirststepin thereactionproducesanunstabledarkvioletcomplex.

[Fe﴾HO�]�aq﴿+2SO²‐�aq﴿→[Fe﴾SO﴿﴾HO�I﴾aq﴿+4HO�l﴿

﴾i﴿ Deduce theoxidationstateofSin[Fe﴾S,O﴿﴾H,O﴿I. [1]

﴾ii﴿ Explainwhythecomplexiscoloured [e]



﴾ii﴿ Explainwhythecomplexiscoloured. [E]

﴾ii﴿ CoCl,﴾s﴿ is used as a catalyst.Explain how the catalyst increases the reaction rate.[2]

﴾Thisquestioncontinuesonthefollowingpage﴿



﴾Question6continued﴿

﴾iv﴿ Thereaction continuesuntil thevioletcolour disappears.The thiosulfateion,

S,O²‐,isoxidized toSO,andFe²+isreduced toFe²+

Deducetheoxidationhalf‐equation,and theoverall redoxequationforthis

secondstepofthereaction. [2]

Oxidation half‐equation:

Overallredoxequation:

﴾V Sketchanenergyprofileforthetwo‐stepreaction,labellingreactants,

intermediate andproducts,activation energies,Eandoverallenthalpychange

�H.Assume thatthereactionisexothermic. [4]

otentialenergy



Sketchanenergyprofileforthetwo‐stepreaction,labellingreactants

intermediate andproducts,activation energies,Eandoverall enthalpy change�

�H.Assume thatthereaction isexothermic. [4]

Potential energy

Reactioncoordinate

﴾b﴿ Iron﴾lll﴿ nitrate isa compound thatinvolvesboth ionicand covalentbonding.

﴾# Describethetwotypesofbonding [2]

lonicbonding:

Covalentbonding:



﴾Question6continued﴿

﴾i﴿ Deducea Lewisformulaofthenitrateion. [1]

﴾﴿ Statethemoleculargeometryofthenitrateion.
[1]

﴾iv﴿ Predict,with a reason,the bond lengths of the nitrate ion.Use section 11of the

databooklet.
[2]



﴾ii﴿ State themoleculargeometryof thenitrateion. [1]

﴾iv﴿ Predict,withareason,thebond lengthsofthenitrateion.Usesection 11ofthe

databooklet. [2]



7. An unknownorganiccompound containsonlycarbon,hydrogen and oxygen.

﴾a﴿ 4.32gof thecompoundwascombustedcompletelyinoxygenandproduced9.49gof

COand5.18gofHO.

Determinetheempirical formulaofthecompound,usingsections1and7ofthedata

booklet. [3]

﴾b﴿ Thesameorganiccompoundwasvaporizedcompletelyatacontrolled temperature

andpressure.

﴾#﴿ 0.108gof thevaporizedcompoundwasfound tohaveavolumeof55.7cmat

100°Candapressureof1.00x10Pa.

Calculate theamount,inmoles,of thecompound.Usesections1,2and 4ofthe

databooklet. [2]



﴾b﴿

andpressure.

﴾i﴿ 0.108gofthevaporizedcompoundwasfoundtohaveavolumeof55.7cmat

100°Candapressureof1.00x10Pa.

Calculate theamount,inmoles,of the compound.Usesections 1,2and4of the

databooklet. [2]

﴾ii﴿ Determine the molar massof the organiccompound,using section 1ofthe data

booklet.

lfyoudidnotgetan answerto﴾i﴿,usen=0.00220mol,although thisis not the

correctanswer. [1]



8. Organiccompoundshavemanyindustrial applications.

﴾a﴿Asectionofan additionpolymer is shown.

CH, H CH, H CHH CH,H CHH

�

H H � H H H HH H H

﴾#﴿ Deduce thestructureof themonomerthatforms thispolymer. [1]

Describe one chemical property that makes this type ofpolymer a useful material. [1]



﴾b﴿ The following organic compound,X,is used as a flavouring agent.

CH CH

HC

HC

﴾i﴿ State thenameof thefunctional grouppresentinX. [1]

﴾ii﴿ Deduce the systematicnameofXusing IUPACnomenclature. [1]

﴾Thisquestion continues on the following page﴿



﴾Question8continued﴿

﴾i﴿ Deduce thenumberof signals and theirrelative areas﴾integration traces﴿in an

HNMRspectrumofX. [2]

Numberof signals:

Relativeareas:

﴾iv﴿ DrawanisomerofXwhichbelongstoadifferenthomologousseries. [1]



MoleculeXcanundergobothoxidationandreduction.

Deducetheformulasof theorganicproductswhenXreactsseparatelywithan

oxidizingagentandwithareducingagent.

UseRCHOtorepresentX. [2]

Productofreactionwithoxidizingagent:

Productofreactionwithreducingagent:

﴾This question continues on the following page﴿



﴾Question8continued﴿

﴾C﴿ Analkenesuchasethenecanbeusedasstartingmaterial forarangeofcompounds.

Predicttheproductofthereactionbetweenetheneandbromine. [1]

﴾ii﴿ Describethemechanismofthisreaction,usingcurlyarrowstorepresentthe

movementofelectronpairs. [3]



﴾Question 8continued﴿

﴾il﴿ Outlinewhyunsaturatedmolecules,suchasethene,readilyundergo this typeof

reaction. [1]

﴾iv﴿Statethegeneralformulaforthehomologousseriesofalkenes. [1]

﴾v﴿ Explain,intermsoftheintermolecularforcespresent,thetrendintheboiling

pointsofthe firstfouralkenes. [2]

Alkene Boilingpoint/K

ethene 169



﴾iv﴿State thegeneral formulafor the homologous seriesof alkenes. [1]

﴾v﴿ Explain,intermsof theintermolecularforcespresent,thetrendintheboiling

pointsofthe firstfouralkenes. [2]

Alkene Boilingpoint/K

ethene 169

propene 225

but‐1‐ene 267

pent‐1‐ene 303



﴾Question8continued﴿

﴾d﴿ 1‐Bromobutanereactswith aqueous sodium hydroxide,NaOH﴾aq﴿,to formbutan‐1‐ol.

Statethenameof themechanismbywhichthisreactionoccurs. [1]?

﴾ii﴿ Draw the transitionstateproduced in thismechanism. [1]

﴾ii﴿ Deducetherateequationforthisreaction. [1]



Deduce therateequationfor thisreaction. [1]﴾m﴿

﴾iv﴿ Predict,givingareason,thequantitativeeffectofdoublingtheconcentration

ofNaOH﴾aq﴿onthereactionrate.Assume thatallotherconditionsremain

unchanged. [1]

�Thisquestion continueson the followingpage﴿



﴾Question 8 continued﴿

V Outlinehowtherateofreactionqf1‐bromobutanewithsodiumhydroxide

compareswiththerateofreactionof1‐chlorobutanewithsodiumhydroxide

underthesameconditions. [1]

﴾e﴿ The chloroalkenewith theformulaCH,Clcanexistasseveral stereoisomers.

﴾i﴿ Draw thestructuralformulaofcis‐1‐chlorobut‐2‐ene. [1]



﴾i﴿ Outlinewhythecis‐isomerispolar. [1]

�This question continueson the following page﴿



﴾Question8continued﴿

Deducethestructureofa chloroalkene,CH,Cl,that canexhibitoptical

isomerism,and identify thechiral carbonatomwithanasterisk﴾*﴿. [2]

﴾f﴿ Ethenereactswithsteamtoproduceethanol.

CH﴾g﴿+HO�g﴿→CHOH﴾g﴿



Ethenereactswithsteamtoproduceethanol.

CH﴾g�+HO﴾g﴿→CHOH﴾g﴿

﴾#﴿ Calculatetheenthalpy,inkJ,of thereactionusingsection12of thedatabooklet. [3]

﴾ii﴿ Calculatetheenthalpyofthereaction,inkJ.Usesection13ofthedatabooklet

and�HofCHCHOH﴾g﴿=‐235kJmol1 [2]



﴾Question8continued﴿

﴾imi﴿ Outlinewhy theenthalpiescalculated in﴾i﴿and﴾ii﴿are different. [1]


