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Answerall questions.Answersmustbewrittenwithin theanswerboxesprovided.

1.Phenolphthaleinisanacid‐baseindicator.

HO OH

Phenolphthalein

﴾a﴿ Determinethemolecularandempiricalformulasofphenolphthalein. [2]
499

Molecularformula:

Empirical formula:

﴾b�State an equationforphenol,CHOH,when it isacting as an acid. [1]

OH

Phenol
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2. Modelsareuseful forexplainingcharacteristicsandpredictingoutcomes.

Stateandexplaintwopropertiesofaliquidusingthekineticmoleculartheorymodel. [2]

Property1:

Property2:
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3. Ammoniaisproducedindustriallyusingthereversiblereaction:

N﴾g﴿+3H﴾g�2NH﴾g﴿

﴾a﴿ Calculatetheequilibriumconstant,K,when30.0molN,40.0molHand6.17molNH
areatequilibriumina55.0dmreactioncontaineratatemperatureof450°�. []

﴾b﴿Thevolume of thereactioncontainerof themixture atequilibrium is suddenlydecreased.
499

Sketch thegraphof theconcentrationofnitrogenversustimeontheaxesbelowuntil
afterthenewequilibriumisestablishedataconstanttemperature. [3]

[N2]

A008

Volumeof Newequilibriumreactioncontainer
decreased established



2225‐6224

4. Halogenoalkanesare used asrefrigerants and solvents.

﴾a﴿ StatetheInternationalUnionofPureandAppliedChemistry﴾IUPAC﴿nameof
substanceX,CHCHBrC﴾CH﴿3 [1]

﴾b﴿ Calculate thepercentagebymassof hydrogeninsubstanceXtofoursignificant
figures.Usesection7ofthedatabooklet. [2]

Drawastructuralisomerofmoleculex [1]

﴾d﴿ SubstanceXundergoesnucleophilicsubstitutionwith a hydroxide nucleophile.
﴾i﴿ Describethemovementofelectronpairsduring thereactionusingcurlyarrows. [2]

A008
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﴾Question4continued﴿

﴾i﴿ Contrasthomolyticandheterolyticfission. [2]

Homolyticfission:

Heterolyticfission:

﴾ii﴿ Explain,usingcollisiontheory,howanincreaseintemperatureincreases
thereactionrate. [3]
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5. Ethyne,CH,ishydrogenated toform ethane.

CH﴾g﴿+2H﴾g﴿→CH﴾g﴿
﴾a﴿ 140.0cmofethyneisreactedwith160.0cmof hydrogeninacontainerat420Kand

1.00x10Pa.Ethane istheonlyproduct.

Determine themaximumpossiblevolumeofethaneformedundertheseconditionsof
temperatureandpressure. [2]

﴾b﴿ Determinethetotalvolumeofgaspresentinthecontainerat theendof thereaction
underthesameconditionsof temperatureandpressure. [248

A008
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6. A lithium‐ionbatteryconsistsof lithiumionsonlithium‐graphite﴾LiC�﴿and lithium‐cobaltoxide
﴾LiCoO﴿inanelectrolyte.

Cathode Anode
+

Litions

Lithium‐cobaltoxide

Graphite

Separator

499 Electrolyte
Lithium‐ionbattery

﴾a﴿The lithium ionsareproduced at theanodefrom thelithium atoms embedded ingraphite.
﴾# Stateahalf‐equationforthereactionoccurringattheanodeduringdischarge. [1]

﴾This question continues on the following page﴿
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﴾Question6continued﴿

﴾i﴿ Thelithium‐ionbatteryisrechargeable.Annotatethediagrambelowtoshow
thedirectionof theflowofelectronsinthewirewhilethebatteryisrecharging. [1]

Powersupply

Cathode Anode
+

Litions
499

Lithium‐cobaltoxide

Graphite

Separator

Electrolyte

﴾b﴿Suggest why solar panels are often connected inparallel with lithium‐ionbatteries. [1]
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7. Sulfurdioxide,SOisinvolved intheformationof acidrain.

﴾a﴿ StatetheelectronconfigurationforS. [1]﴾#﴿

﴾i﴿ DrawtheLewisformulaofSO2 [1]

499 ﴾i﴿Deduce the electron domain geometry andmoleculargeometry of SO2 [2]

Electrondomaingeometry:

Moleculardomaingeometry:

﴾iv﴿Explainthepolarityof theSOmolecule [2]

A008
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﴾Question 7continued﴿

﴾b﴿ Sulfurdioxidereactswithrainwaterandoxygentoformsulfuricacid,HO
﴾﴿ Stateanequationforthisreactionincluding thestatesymbols. [2]

﴾i﴿ Explain,withreferencetotheoxidationstatesoftwoelements,whythisis
aredoxreaction. [2]

499

﴾ii﴿ Describetheeffectofacidrainonbuildingsthataremadeof limestone
﴾calciumcarbonate﴿.Includea chemical equationinyouranswer. [2]

﴾Thisquestion continueson the following page﴿
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