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SIMPLECLASSIFICATIONOFSUBSTANCES

ATMOSPHEREANDITSCOMBUSTION

1.Againsteachmixturewritedownsuitablemethodsofseparation.
(a)Colouredextractsofgrassdissolvedinethanol.A-Paperchromatography.
(b)KerosinefromCrudeoil.A–Fractionaldistillation
(c)Paraffinfromwater.Aseparatingfunnel
(d)IronfilingsfromSulphurpowder.A–magnet
(e)AmmoniumchloridefromSodiumchloride.A–sublimation
(f)Seawater,toobtainsalt.A–Evaporation.
(g)BlueCopperSulphatecrystalsfromaqueouscoppersulphate.A-Crystallisation–

someofthewatermustbeevaporatedforcrystalstoformoncoolingthesaturated
solutiontoroomtemperature.

2.Whyisfractionaldistillationsuitableforseparatingcrudeoilconstituents?
A–Becausethesecomponentshavecloseanddifferentboilingpoints.

3.Monicaaformonestudentdecidestoseparatepowderedcalciumcarbonatefrom
powderedcalciumchloridebyshakingthemixturewithwaterandthenfiltering.Would
thisproceduresucceed?Explainyouranswer.
A–Thisprocedurewouldsucceed.Calciumcarbonateisinsolubleinwaterwhereas

calciumchlorideisverysoluble.Onfilteringthemixture,calciumcarbonatewould
remainonthefilterpaperwhereascalciumchloridesolutionwouldpassthrough.

4.Whatdoesdistillationmeanandwhatisitsimportanceinchemistry.
A–Distillationoccurswhenaliquidisheatedtoformavapourwhichisthencondensed

toreformtheliquid.Itisanimportantprocessinchemistrysinceitprovidesa
meansofpurifyingliquids.

5.Hereisachromatographof3dyes.Whichoneofthemisnotapuredye?

A B C A B C
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6.Name
(a)Cleansingagentsforremovingthesestainsfromyourschooldress:
(i)Oilyandgreasy–A–Acetone
(ii)Bloodstains–A–Ammonia
(iii) Perspirationstains–A–Ammonia
(b)Adryingagentforammoniagas–A–calciumoxide
(c)Asolventforpaint–A–Benzene
(d)Agaswhichcannotbecollectedoverwater–A–Ammonia
(e)Asolidthatsublimes–A–Iodine.

7.ThefollowingrepresentsapaperchromatogramofpuresubstancesP,Q,R,Sanda
mixtureW.WhichofthepuresubstancesareinthemixtureW?

Solventfront

W P Q R S

ANS–PandR

8.Whatdoyouunderstandbyasaturatedsolution?
A–Thisisthesolutionthatcan’tdissolveanymoreofthesoluteatagiventemperature.

9.Whatmethodcanbeusedtoobtainpurecrystalsfromasolublesolidwithimpurities?
A–Recrystallisation

10.Outlinehowliquidisdried.
A–Aliquidisdriedbyallowingittoremainincontactwiththesoliddryingitwithwhich
doesnotreacte.g.
(i)Tracesofcanberemovedfromethanolbystandingitoverquicklime.
(ii)Chloroform,diethylenecanbedriedbyuseanhydroussodiumsulphate.

11.WhatdoimpuritiesdotobothBoilingpointsandmeltingpointsofsubstances?
A–Impuritieswilllowerthemeltingpointofsubstance,whileboilingwilleither

increaseordropdependingonthetypeofimpurity.

12.Whatdoyouunderstandbysolventextractioninseparationofmixtures?
A–Thisistheseparationofamixturewhereasolventisusedbecausecertain
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componentsofthemixturearesolubleinthissolvent.

13.Statehowchromatographyisappliedinreallifesituation.
A–Chromatographyisusedtoidentifysubstancesaswelltoseparatethem.For

example,adyeusedinfeedcolouringcanbeidentifiedbychromatographingit
alongsideknowndyes.Ittheytravelatthesameratesinasolventthenthefood
dyeissafe.Inthiswayachemistcanfundoutwhetheradyeusedinourfoodisa
permittedoneoranillegalone.

14.Whenfinechalkissuspendedinwaterandviewedthroughamicroscopethechalk
particlesappeartomoveinarandomfashion.Thismotionisaresultof;
A–Bombardmentofchalkparticlesbywaterparticles.

15.Anincreaseintemperaturecausesanincreaseinthepressureofagasbecause;
A–Itincreasestheaveragevelocityoftheparticles.

16.Crudeoilcanbeseparatedbyfractionaldistillationbecauseitsconstituents;
A–Havedifferentboilingpoints.

17.WhereinKenyaisCrystallizationmethodused.Statewhathappensbriefly.
A–ThismethodisusedinLakeMagaditoggettronaandcommonsalt.

Crystalsofthesaltsareformedwhenasaturatedsolutionisleftexposedtotheair
forsometime.Astheeveningapproaches,drasticchangeoftemperatureshavea
coolingeffectonthesaturatedsolutionofthesalts.Thisresultsintocrystal
formation.

18.Thetime–temperaturegraphobtainedwhenicewasheatedtoitsboilingpointisgiven
below.

D

C

B X
O

A

Timeinminutes

(i)DescribethechangesalongregionsA,B,CandD.



isabokemicah@gmail.com

ForMoreEResourcesCall0705525657 Page6of6

A–RegionA–showsicebecomingwarmfrombelow00C.
B–showsthatthetemperatureremains00Casalltheicemelts
C–showswaterbecominghotterfrom00Cto1000Cwhenitbeginstoboil.
D–showswaterboilingandthetemperatureremainsconstant.

(ii)ExplainwhybothBandDlevelledoff?
A–InBandDregions,theheatsuppliedisbeingusedtobringaboutthechangein

structurefromonephysicalstatetoanotherandsothetemperaturedoesnotrise.

19.Describebrieflyhowfiltrationisappliedindustrially.
A
(i) Avaccum–cleanerfiltersdustfromtheair.Thedustparticlesaretrappedina

fabricorpaperbag,whilethepurifiedairpassesthroughit.
(ii) Inwaterworks,waterisfilteredbeforeitispumpedtotheconsumers.Thisis

donebyemployingsimplefiltration.Waterisallowedtoseepthroughafilterbed
offinesandandgravelinordertoremovesmallparticlesfromit.

(iii) Inthecarengineoilisfilteredbeforeuse.

20.AlocalbreweratTarasaavillageaddedwatertoethanolandthisisallwhathehadfor
hiscustomers.
Brieflydescribeanexperimentthatyoucancarryouttohelpthisbrewer.

Thermometer

Fractionating condenser
column

Distillate
Ethanol

Water+ethanol

Heat
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-Theabovemethodisfractionaldistillation,wherethedifferencesintheboilingpointsof
thetwoliquidsisused.Whenthemixturedistilled,theliquidwithlowerboilingpoint
boilsoutfirstandiscollected.

21.Explainwhyyoucan’tuseconcentratedSulphuricacidandanhydrouscalciumchlorideto
dryammoniagas.
A
(i)Conc.H2SO4+NH3(g) (NH4)2SO4(aq)

(ii)Ammoniagasformsacomplexcompoundwithanhydrouscalciumchloride
CaCl2(s)+4NH3(g) CaCl2.4NH3(s)

22.

GAS Colourphysicaleffect Solubilityin
water

Density
comparedwith
air

Reactionwith
Conc.Sulphuric
acid

A Poisonous Insoluble Lessdense Noreaction

B Pleasant Slightly Moredense Noreaction

C Chokingsmell Verysoluble Lessdense Formssalt

Yes

D Insoluble Littlemore Noreaction

E Rotteneggspoisons Slightly Heavier ReactsYes

F Pungent Soluble Moredense Noreaction

(a)Whichoftheabovegaseswouldyoucollectoverwaterinthelaboratory?
A–B,D&E

(b)Whichoftheabovegaseswouldyoucollectoverwaterinafumecupboard?
A–A

(c)Whichgaswouldyoucollectby(I)cupboarddelivery(ii)downwarddelivery?
A–(i)A&C

(ii)B,D,E,&F
(d)NamethedryingagentforgasCandidentifythegas.
– DriedusingquicklimeCaO
– Thegasisammonia(NH3)
(e)Whichofthesegaseswouldyoudrybypassingthroughconcentratedsulphuricacid?

A–A,B,D&F

23.Distinguishbetweenphysicalandchemicalchanges.
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ANS-PHYSICALCHANGE CHEMICALCHANGE
1.Nofewsubstanceformed

2.Usuallythechangeiseasilyreversible

3.Usuallynoenergyisgivenoutor

absorbed

4.Themassofthesubstancedoesnotalter.

1.Anewsubstanceisformed

2.Usuallythechangeisirreversible

3.Usuallyenergyisgivenoutor

absorbed

4.Themassofthesubstancedoesalter.

24.Whatisthedifferenceacompoundandamixture?
A–Acompoundcanbedefinedasasubstancemadeupoftwoormoreelements

combinedtogetherbychemicalmeanswhereasinmixtureparticlesofdifferent
substancesarebroughtintoclosecontactwitheachother,buttheyarenot
combinedwitheachotherchemically.

25.State,withreasons,whethereachofthefollowingisaphysicalorchemicalchange:
A–Paintingofawall–Physical–nonewsubstanceformed
B–Freezingofwater–Physical–nonewsubstanceformed
C–Burningofcharcoal–chemical–newsubstanceformed
D–Addingofcommonsaltinwater-physical
E–Sublimationofiodine–physical
F–Rustingofiron–chemical
G–Burningofapaper–chemical
H–Electrolysisofwater–chemical

26.Statethechangesthatoccurwheniceisheatedasshownbelow.

Sublimation

Melting Evaporation

Ice Water Water
Vapour

Freezing condensation

Sublimation

27.WhatdoesKinetictheoryofmatterstate?
A–Statesthatmatterisparticulateandtheparticlesareinconstantmotion.

28.Describeanexperimenttoshowmatterisparticulate.
EXP.1
A–Putandstironetablespoonfulofsugarinwater.Tastethewaternow.Thesugar
soondisappearsandyoucannotseeitbutthewatertastessweet.
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Explanation
Sugargramsseparatedintosingletinyparticlestoosmalltobeseen.Theymovedall
throughwater,makingitsweet.

Lightpurple
EXP.2

Deeppurple

MnO4crystal
PutacrystalofPotassiumPermanganateinwaterasshownabove,Leavethebeaker
undisturbedforaboutanhour.
Observation
Youwillseethatthewaterhasturnedpurple.Itisdeeppurplenearthebottomand
comparativelyslightlypurplenearthesurface.
Whathashappened?
Smallparticlesofpotassiumpermanganategotpermanganategotseparated.These
particleshavespreadalloverbythebumpsofthemovingwaterparticles

EXP.3
BROWNIANMOVEMENT
– Smokeparticles,stronglyilluminatedareviewedthroughmicroscope.
Theparticlesarefoundtobeinrandom,zigzagmotion(calledBrownianmovement)due
tothebombardmentofthesamebytheairparticles.

Light Smokecell

29.ExplainsublimationusingKinetictheoryofmatter.
A–Asolidcanchangedirectlytoagas,missingouttheliquidstate,i.e.particlesbreak
offthesolidwithenoughenergytoexistasgasparticles,Agasparticlecanalsoslow
downenoughtobecomeasolidwithoutgoingthroughtheliquidstate.

30.Thefollowingaresomeofthemethodsusedtocollectgases.Withreasonsstatewhich
methodissuitableforeachofthefollowinggases,Ammonia,carbondioxidechloride,
oxygen.
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\

A B

C
A
(i)Ammonia–methodC

Reason–ammoniaislessdensethanairandthereforecollectedbyupwarddelivery.
(ii)Carbondioxide–methodA

Reason–CO2isdensethanairandthereforecollectedbydownwarddelivery.
(iii)Oxygen–methodB–Itisslightlysolubleinwatersoitcanbecollectedoverwater

methodconveniently.

31.Howdoyouidentifypuresubstancesinchemistry.
A–Puresubstanceshavedefinitesharpmeltingandboilingpointsandthereforetheir

puritycanbedeterminedbymeasuringthesetemperatures.

32.DescribetwoIndustrialapplicationsoffractionaldistillation.
A
(i)Refiningofcrudeoil(Petroleum)
-InKenya,thecrudeoilthatcomesintankersfromthemiddleEasttoMombasais

refinedatchangamwe.

Uncondensedgas–Afrigas,
Essogas

300C Petrol–Cars,planes
1700C Paraffin,Kerosine–heating,Jetengines
3500C Dieseloil–dieselenginesintransportand

machines
Above4000C Fueloil–Industrialfuele.g.fuelforshipboiler

Crudeoil
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Heater
tovaporizetheoil

Bitumen(Asphalt)–roadmaking,water
proofing

-Thecrudeoiliscompletelyvaporisedbyafurnaceandthevapourpassesintoa
fractionatingcolumnatowermadeupofanumberofcompartmentswhichgetcooler
goingupthecolumn.Asthevapourrisesupthecolumn,differentsubstances
condenseindifferentcompartmentsandtheliquidsformedaredrawnoff.Thelower
theboilingpointofasubstance,thefurtheritwilltravelupthecolumnbefore
condensing.

(iii)FractionaldistillationofAir.
A–Whenagasiscompressedandthensuddenlyallowedtoexpand,theexpansion
resultsincooling.Bythismethod,aircanbecooledsufficientlytoliquefyit.
-Airisfreedfromcarbondioxide,watervapour,dustparticlesetcandthencompressed

at200atmospherespressure.Itisthensuccessivelycooleduntilliquidairisobtained
(at–2000C.or73K).Liquidairisatransparent,paleblueliquid.

-Whenthisliquidairisfractionallydistilled,nitrogenhavinglowerboilingpoint(-1950C
or78K)beginstoevaporatefirst.Oxygenhavinghigherboilingpoint(-1830C–or90K)
comesofflater.Thiswayabout99.5%pureoxygenisobtained.

Nitrogengaswithlowerb.p.

Fractionatingcolumn

Liquidair
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Oxygen–gaswithhigherb.p.

33.Belowarethreediagramsrepresentingthethreestagesofmatter.Labelthem
appropriately.

Liquid Solid Gas
34.Whyisthatgasesdon’thavedefinateshape?
-Particlesingasesarefarapartandfreetomoverandomlyinalldirections.

35.UsingKinetictheoryofmatterexplaincondensationprocess.
-Whenagasiscooled,theparticlesloseenergyandhenceslowdowngradually.As

theyslowdowntheyeasilyattracttheirneighbouringparticlesandclustertogetherto
formaliquid.

36.Brieflyexplainhowice-creamvendorsusesolidcarbondioxide(dryice)tokeeptheice-
creamfrozen.
-Solidcarbondioxideabsorbsheatenergyfromtheice–creamandchangestogas.

Thiskeepstheice–creamcold.

37.Whatprincipledorefrigeratorsworkon.
-Absorptionofheatenergyfromthesurroundingsbyaliquidordryiceinthe

refrigerators.Whateverisinthecarbinetcoolsdowngraduallyasthislossofheat
continues.

38.Whyisitnecessarytoadherestrictlytothelaboratorysafetyrules?
-Thiswillenablethestudentscarryoutmostoftheexperimentssafely.

39.Nametheprocessusedtoseparatelytwosolidsbothsolubleinthesamesolvent;when
thesolidsarebothpresentinthemixture.

Fractionalcrystallizations.

40.Belowisanarrangementwhichwasusedtopreparegas.

Conc.HNO3

X
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GasX

Copperturnings

(i)WhichonepropertyofgasXcanyoutellfromthemethodofpreparation?
Denserthanair

(ii)IdentifygasX
Nitrogendioxide

(iii) WhyisLead(II)nitratemoresuitablethanothernitratesforthepreparationofgasX?
-LeadIInitratecrystallizeswithoutwaterofcrystallisationandisnothygroscopic.

41.Thediagrambelowareofsomemethodsusedtocollectgasesinthelaboratory.

I II

Completethetablebelowindicatingthemostsuitablemethodforthecollectionofthe
gasesgiven.

GAS METHODOFCOLLECTION

HYDROGEN I

HYDROGENCHLORIDE III

42.Astudenthadthefollowingfoursolidsmixedandwantedseparatethem.Thesubstances
aregivenhypotheticalletterstorepresentthem;
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W,X,YandZ.Thefollowingaresomeofthecharacteristicsofthesolids.Toobtainclean
dryYfromthemixtureheaddedwaterandstirred.

Substance Solubilityinwater Solubilityinethanol
W Yes No
X Yes No
Y No No
Z No Yes

(a)(i)Explainwhyhedidthis.
ThisisbecausesubstanceWandXwoulddissolveinthemixtureandremainwith
YandZ.

(ii)WhattwostepsmistbecarriedoutnexttoobtaincleandryY?
HewouldthenhavetofilterthemixtureandremainwithYandZ.Thenhewould
heatthetwoandbecauseZmeltsandthevapouriseshewouldremainwithYor
hecoulddissolvethetwoinethanoltheZwoulddissolveandhewouldfiltertoget
Y.

(b)(i)ToobtainpureWandXsolids,watermustnotbeaddedtomixture,why?
Thisisbecausetheyarebothsolubleinwaterandiftheyaremixedonewouldn’t
getapuresolid.

(ii)HowbestwouldyouseparatethetwosolidsWandX?
IwouldtakethetwosubstancesWandXthenheatthemandbecausesubstance
W sublimesonheatingthenwouldgetthetwoseparatesubstanceWcanthen
becooledtochangetosolidagain.

(c)(i)ToobtainsolidZfromthemixtureofWandZitwouldnotbewisetoheatwhy?
ThisisbecausesubstanceZandWonheatingformvapoursandthisvapour

couldeventuallyreactandonecannotgetapuresubstance.
(ii)WhatshouldyouaddtothemixtureofWandZsoastohelpyouwiththe
separation?
YoushouldaddeitherwaterbecauseWdissolvesinwaterwhileZdoesn’tsoyou
canaddthenfilter.

(iii)WhattwostepswouldyoucarryouttoobtainonpuresampleofZ?
YouwouldfirstmixwatertothesampleandWandsinceWdissolveZwillbe
filtered.AfterfiltrationyouheatsampleZandthenitvapourisesandyoucollectit
dry.Heatingherehelpsincollectingthesampledry.

43.Whatisthedifferencebetweenthemeltingpointofapuresubstanceandthatofan
impuresubstance?
Themeltingpointofanimpuresubstanceislowerthanthatofapuresubstanceandthe
latterissharpwhiletheformeroccurinarange.

2.ATMOSPHEREANDITSCOMBUSTION

1.Whatisair?
A–AirisamixtureofmanygasessuchasN2–78%,O2–21%,0.03%,andNoblegases
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1%.
Watervapour,pollutinggasesanddustandsmoke.

2.Whatevidenceistheretoshowthatthereiswatervapourintheair?
A–Taketwodrinkingglasses.Ensurethattheiroutsidesurfacesaredry.Pourequal
quantityofwaterintobothofthem.Theninoneofthemputsomepiecesoficecubes.
Waitforsometimeandexaminethem.

A B

Noice withice

Observations
Theglasswithicehascoldersurfaceandalotofmoisturecondensedonitssurfaceon
itsoutside.
Conclusion
-Thismoistureontheoutsideofthecoldglassmusthavecomefromtheair.Therefore
aircontainswatervapourwhichcondensesonthecoolersurface.

-Toproovethatthismoistureisactuallywater,anhydrouscopperIISulphateonit
whichandafterthereaction,whiteCopperIISulphateturnsblue.

3.DescribeanexperimenttoshowthatCarbondioxideisavailableintheatmosphere.

Airin Airsuckedout

Limewater

Procedure
Suckairthroughtheapparatusasshownaboveforaboutfiveminutes.Makeyour
observationasthesuckingcontinues.
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Observation
Asthesuckingoftheaircontinues,limewaterisfoundtoturnmilkasmoreairpasses
throughit.
Conclusion
ItisonlyCarbondioxidethatturnslimewatermilkyorformswhiteprecipitateofcalcium
carbonate.

Ca(OH)2(aq)+CO2(g) CaCO3(s)+H2O(l)

4.Studytheexperimentbelowandanswerthisquestionsthatfollow.

Gasjar Gasjar
candle

5cm

(a) (b)

diluteNaOH(aq)

Theaboveexperimentwascarriedtostudywhathappenswhencandleburnsinafixed
amountofair.AfterburningofthecandletheNaOH(aq)levelinthejarrose(b)andthe
candlewentoff.
(i)Whydoyouthinkthesolutionlevelroseinsidethegasjar,fillingonlyapartofit?

A–Thesolutioninsidethegasjarrosetotakeupthespacewhichwasoccupiedby
theactivepartofair.

(ii)Whydidthecandlegooutafterburningonlyforawhile?
A–Thecandlewentoutbecauseinafixedamountofaironlyapartofitwasusedup
calledthe‘activeair’withtherest‘Inactiveair’whichdoesn’tsupportcombustion.

5.Describeanexperimenttodeterminethepercentagebyvolumeofoxygenintheair.

100cm3syringe
Copperturnings 100cm3syringe

Hardglasstube
A Glasswool Heat B

a)Theapparatusareupasshownabove.Theglasssyringeeachhasacapacityof
100cm3.

b)Atthebeginningoftheexperiment,take100cm3ofairinsyringeAandnoairin
syringeB.
Thehardglasstubeisfullofcopperturnings.

c)HeattheCopperturningsstronglyanddrivetheairslowlythroughthemformsyringe
AtothesyringeB.ThenpushtheairbackwardsfromBtoA.Continuepassingtheair
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backwardsforwardsbetweenthetwosyringes.
d)TheoxygenintheaircombineswithhotcoppertoformblackcopperIIoxide.

Copper+Oxygen CopperIIOxide
2Cu(s)+O2(g) 2CuO(s)

e)Afteraboutfiveminutes,stopheatingandallowtheapparatustocool.Pushthe
remainingairbackintosyringeAandmeasurethevaccumeofairlife.

f)Repeatheating,pushingairslowlytoandfromonesyringetotheother.Coolagain
andmeasurethevolumeagain.

g)Whenthereisnofurtherchangeinthevolumeofairleft,i.e.nomorecopperIIoxide
isbeingformed,stopheating.

h)Lettheapparatuscoolandtakethefinalmeasureofair.Theamountofoxygeninair
isequaltodecreaseinvolumeoftheair.
OriginalamountofairinsyringeA–100cm3

AmountofairleftinsyringeA=79cm3

Amountofairusedup(oxygen)=(100-79)cm3=21cm3

Percentageofoxygeninair=21%

6.Whyisthereanyincreasewhenametallikemagnesiumisburnedinair?
A–Whenmagnesiumisburnedinair,itchemicallycombineswithoxygengastoforma
compoundcalledmagnesiumoxidewhichisheavierthanthemetali.e.thewhiteashis
heavierthantheoriginalpieceofmagnesium.
Thuswhenanelementisheatedorburntinair,itcombineswithoxygenfromairand
gainsinweight.

7.(i)Whatisrust?
A–IshydratedIronIIIOxide(Fe2O3.XH2O)
(ii)Whataretheconditionsnecessaryforrusting?
A–Iron
-Water
-Oxygen

(iii)Listsomemethodsusedtopreventrusting.
-Painting -Chromiumplating
-Electroplating -Alloying
-Galvanization -Anodizing
-Oilingandgreasinginplating
(iv)Onwhatbasisarethemethodsusedabovedesigned?
A–ThemethodsforpreventingrustingarebasedonthefactthatIronneedstobekept
outofcontactwithairandwater.

8.Describeanexperimenttoinvestigatethe“activepartofair”.

Copperfoil Heat
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Potassium
Permanganate

Heat

Procedure
Arrangetheapparatusasshownabove.
HeatPotassiumPermanganateforafewsecondsbeforeheatingthecopperfoil.
NowheatboththePermanganateandcopper.Recordyourobservations.

Observation
Whencopperisheatedinbothairandoxygenitturnsblack.Thisimpliesthatoxygen
mustbepresentinairandisresponsibleforturningcopperblackwhenheated.
Oxygenisthereforetheactiveofairandisresponsibleforrustingofironaswell
PotassiumPermanganatewasheatedfirstinthisexperimenttoproduceoxygenwhich
droveoutalltheairintheapparatus.

9.Whatgasesareacommonpollutantintheatmosphere.
A
– Sulphurdioxide
– Nitrogenchloride Gases
– Carbonmonoxide

Solids Solidparticles–producedbyinefficientcombustionoffuels.

Smoke,consistsofcarbon,tar,salts.
Theseparticlesareverysmallandso,theycanenterthelungsandberetainedthere.

– Thispromotesrespiratoryproblemsandincreasetheriskoflungcancer.

10.Whatappropriatemeasuresarebeingtakentoreduceatmosphericpollution?
A
(i)Improvementofcombustionoffuelinpetrolanddieselengine.
(ii) Introductionofbetterprocessingoffuelstomakethemfreefromsulphur
compounds.
(iii)Introductionofbetterandmoreefficientfiltersystemsinindustries.
(iv)Introductionofsmokelesssolidfuelsorfuelslikehydrogen.

11.Writedownachemicalequationtoshowhowoxygenispreparedinthelab.

(i)2H2O2 MnO2 2H2O(l)+O2

(ii)2KclO3(s) MnO2 2KCl(s)+O2(g)

12.Listthepropertiesofoxygengas.
Physical
– Colourless&odourless&tasteless
– Itisslightlydenserthanair
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– Itisslightlysolubleinwater
– BP–1830C
Chemicalproperties
– Neutraltolitmus
– Relightsaglowingsplintbutdoesn’tburn(testforoxygen)i.e.Itisn’tcombustible
– Itformsoxideswithmetalsandnon-metals.

13.Whatistheroleofmanganese(IV)oxideinthepreparationofoxygengas?
– Itsimplyspeedsuptherateofdecompositionofhydrogenperoxidetoyieldoxygen.

Henceitisacatalyst.
14.FILLTHETABLEBELOWSTATINGWHATHAPPENSINEACHCOLUMNWHENELEMENTSARE

BURNTINOXYGEN.
Element Howitburnsoxygen Product Colourofproductin

Litmussolution
Sodium BrightGoldenyellow

flame
Na2O2 Blue

Sulphur Brightblueflame SO2 Red
Phosphorus Whiteflame P2O5 Red
Carbon Redglow CO2 Red
Iron Yellowsparks FeO -
Magnesium Brightwhiteflame MgO Blue
Copper Blueflame CuO -
Calcium Brightredflame CaO Blue
15.Distinguishbetweenacidicandbasicoxides.

– Acidicoxidesareoxidesofnon-metalswhichdissolveinwatertoformacidic
solutionswhilebasicoxidesarethoseofmetalsofwhichsomedissolveinwaterto
formalkalinesolutionwhichturnredlitmuspaperblue.Itisimportanttonotethat
notallbasicoxidesdissolveinwater.

16.Anexperimentoncompetitionforoxygenwascarriedoutandresultsweretabulatedin
thetablebelow.Useinformationinthetabletoanswerthequestionsthatfollow.

Oxide

Element

MgO CO2 CuO PbO ZnO Fe2O3

Magnesiu
m

No
reaction

MgO+C MgO+Cu MgO+Pb MgO+
Zinc

MgO+Fe

Carbon No
reaction

CO CO2+Cu CO2+Pb CO2+Zn CO2+Fe

Lead No
reaction

No
reaction

PbO+Cu No
reaction

No
reaction

No
reaction

Zinc No
reaction

No
reaction

ZnO+Cu ZnO+Pb No
reaction

ZnO+Fe

Iron No
reaction

No
reaction

Fe2O3+Cu Fe2O3+Pb No
reaction

No
reaction

(i) Whatisthebestconclusionthatcanbedrawnonthebasisoftheaboveresults?
– Moreactiveelementstakeoxygenfromthelessactiveones.
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(ii) Whatistheorderofreactivityofelementsinthisexperiment?

Mg
C Increasing
Zn reactivity
Pb
Fe

(iii)Whataretheproductsformedwhereareactionoccurred?
– Anoxideofthemorereactiveelementandtheelementofthelessreactiveofthe

two.
(iv) Ifyouweregivenanoxidecopperhowwouldyouobtaincoppermetalfromit?

– Iwouldsimplyheatthecopperoxidewithanelementcarbontoobtainthebrown
coppermetalafterreduction.
2CuO(s)+C(s) 2Cu(s)+CO(2)(g)

17.Listsixcommercialusesofoxygen.
– Intheoxy-acetyleneflame
– Intheoxy-hydrogenflame
– Asanaidtobreathing
– Instillproduction
– Fuel–liquidoxygenisusedtoburnthefuelinsomespacerockets.
– Explosives–liquidoxygenmixedwithcharcoalandpetrolisusedasexplosivein

mines.

18.Givethenameofametallicoxide(differentineachcase)which?
(i)Onheatingyieldsoxygenandaloweroxideofthesamemetal.

KmnO4

(ii)Isyellowwhenhotandwhitewhencold.
ZnO

(iii) Iseasilyconvertedtoametalonheating.
HgO

(iv) Doesnotdissolveinwaterbutabase.
Fe2O3/CuOetc

(v)Dissolveinwatertoformanalkali–Na2O2,CaO
19.Pollutionisahealthhazardwhichisdirectlyproportionaltothelevelofindustrialisation

indevelopingcountries.Giveevidencetojustifythisproclamation.
Thefollowingaresourcesofpollutants.
(a)Exhaustgasesanddustfromindustriessuchas;paper,sugarandcementindustries.
(b)Exhaustemissionsfrommotorvehicles.
(c)Someactivitiesinthe“Juakali”industrysuchasburningtyrestogetwiresand

threads.
(d)Nuclearreactorshavebecomeanimportantsourceofenergy.Butradiationfrom

nuclearstationscanposeagreatdangertotheenvironmentaswasseenduringthe
Chernobylnuclearreactiondisasterof1986inUSSR.

(e)Aerosolssuchasinsecticidesandperfumesprayscontainingchlorofluorocarbons(cfc)
usedaspropellants.TheCFC’saregraduallyaccumulatingintheatmosphereandit
hasbeenproventhattheyreactwiththeozonelayerdepletingit.Thismeansthat
manlikelytobeexposedtoharmfulradiationsfromthesun.

20.Whatiswaterofcrystallization.
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– ThisisthedefurateamountofwaterheldwithinthecrystalstructureofCuSO4.5H2O,
Na2CO3.10H2O.

21.Whereisthecompetitionforoxygenreactionappliedindustrially?
– Thistypeofreactionisappliedintheextractionofsomemetale.g.Lead,Iron,Zinc

andCopperarebelowcarbonintheactivityseriesorarelessreactivethancarbon.
Thesemetalthereforeareobtainedbyreducingtheirheatedoxideswithcarbon
(coke)orcarbonmonoxide.

22.Carbondioxidedoesn’tsupportcombustion,yetburningofmagnesiumribbon
introducedinjarofcarbondioxidecontinuestoburn.Explainthis,givingthechemical
equationinvolved.
– Whenaburningmagnesiumisintroducedintoagasjarcontainingcarbondioxide,the

intenseheatburningmagnesiumproduces,decomposesthecarbondioxidegasinto
carbonandoxygen.Thisoxygennowsupportsthecontinuousburningofmagnesium.

2Mg(s)+CO2 C(s)+2MgO(s)

Black white
specks solid

WATER+HYDROGEN

1.Listfoursourcesofwater.
– Rainfall
– Rivers
– Seas
– Boreholes
– Wells

2.Describeanexperimenttoshowthatwaterisanoxideofhydrogen.
– Waterisformedwhenhydrogencombineswithoxygen.Hydrogencanbe

generatedbythereactionbetweendilutehydrochloricacidonZincmetal.

Zn(s)+2HCl(aq) 2nCl2(aq)+H2(g)

– Thegasisdriedbypassingitthroughanhydrouscalciumchloride.
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– Sohydrogenisburnedinairandthevapourformedcondensed.Theliquidformed
changestheblueCobaltIIchloridepapertopinkindicatingthattheliquidiswater.

2H2(g)+O2(g) 2H2O(l)

3.Aformonepupillitabunsenburnerwithitsairholefullyopen.Theregionsofthe
flameswerelabelledasshownbelow.

A

B
C

(a)Namepart(A) Lightblue/Paleblue
(b)Whichregionisthehottest A
(c)WhichcolourisregionC? Colourless

4.Paperchromatographyofaplantextractgavethefollowingresults.

SOLVENT NO.OFSPORTS
X 4
Y 1
W 2

WhichSolventisthemostsuitableforpurifyingtheextract?Explain.
SolventX–becausemostofthedyesintheextractdissolveinit.Hencemorespots
areseenonthepaper.

5.Theapparatusbelowwasusedinanexperimenttoburnhydrogeninair.
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5(i)(a)NamesubstanceXandM.
X–Anhydrouscalciumchloride
M–Water

(ii)WhatistheuseofsubstanceXinthisexperiment.
-Itisfordryingpurposes.
(iii)(b)

ExplainwhyitisnecessarytopasshydrogenthroughtheQ1apparatusforsometime
beforelightingitup?

-Toexpelanyoxygentrappedwithintheapparatuswhichwouldotherwisecause
hydrogengasburnexplosivelydamagingtheapparatus.

6. Flame

Magnesiumribbon

Heat Heat
Moistglasswool

-WhatgasisburningatA?
Hydrogen

7.(a)NameagasthatwillreducecopperIIOxide.
Hydrogen

(b)Describewhatyouwouldseewhenthereactionoccurs.
-TheblackcopperIIOxideisreducedtoabrowncoppermetalanddropsofa

colourlessliquidareseentocondenseonthecolderareasofthecombustiontube.
(c)Writeanequationforthereaction.

H2(g)+CuO(s) Cu(s)+H2O(g)

(d)Willthisreagentreducemagnesiumoxide?
Explainyouranswer
Hydrogenwon’treducemagnesiumoxidebecausemagnesiummetalishigherinthe
reactivityseriesthanhydrogenthereforethisreactionwillnotbefeasible.

8.Inanexperiment,dryhydrogenchloridegaswaspassedthroughheatedZincturningsas
showninthediagrambelow.ThegasproducedwasthenpassedthroughheatedLeadII
Oxide.

TubeL Zincturnings
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DryHCl(g) PbO

TubeV

Heat
Gas

Heat

Flask
Z

Water

(i)Whatisthefunctionofthewaterintheflask?
– TodissolvetheunreactedHydrogenchloridegas.

(ii)Writeequationsforthereactionsthattookplaceinthetubes.

L–2HCl(g)+Zn(s) ZnCl2(s)+H2(g)

V–PbO(s)+H2(g) H2O(g)+Pb(s)

(iii)HowwouldthetotalmassoftubeVanditscontentscomparebeforeandafterthe
experiment?Explain.
– AftertheexperimentthetotalmassoftubeVwouldbelessthanitsinitialmass

owingtothereductionofPbObyhydrogengaswhichtakesawaytheoxygenthus
loweringthetotalmass.

9.Anexperimentwassetupasshowninthediagrambelow.

Deliverytube

Water

Moistironfillings
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Explainwhatisobservedafterafewdays.
– Ironwillrustandwaterlevelinthedeliverytubewillrisetooccupythespaceleft

behindbytheoxygen(activepastofair)thatwasusedbytherustingiron.

10.ThediagrambelowrepresentsapaperchromatogramoftwosugarsAandB.

 A
 B
 MixtureofA+B

StateonepropertyofAthatmakesitmovefasterthanBtowardsthesolventfront.
– Aisverysolubleinthesolventusedanddoesn’tsticktothepaperlikeB.

11.Thediagrambelowshowsapparatussetuptostudytheeffectofburningacandleinair.

(i) Explainwhythecandlewillnotcontinuetoburnunlesshesuctionpumbisturned
on.
– Suctionpumpcausesacontinuousflowofairintotheapparatusfromoutside

thusprovidingoxygenfromtheairwhichsupportsburningofthecandle.
Withoutthesuctionpumpthecandlewillburnforawhileandgooffforlackof
oxygen.

(ii) Theweightoftheu-tubeBincreasesconsiderablywhilethecandleisburning.
Giveareasonforthis.
– ConcentratedSulphuricacidishygroscopicandthereforeabsorbedwater

formedfromtheburnedcandlethusmakingtheweightoftheu-tubeincrease.
(iii) IstheburningofthecandletheonlyreasonfortheincreaseinweightofB?

Explainyouranswer.
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– No.Theincomingaircontainssomewatervapourwhichalsoabsorbedbythe
acidbesidesthereissomecarbonwhichwillcontributetotheweightincrease.

(iv) Fromtheabove,whichelementcanyouconcludeiscontainedinthecandle?
– Hydrogen.

(v) WhichsubstanceisabsorbedbytheLimewaterinC?
– CO2gas

(vi) WhatobservationwouldyoumaketheLimewaterinC?
– Whiteprecipitateofcalciumcarbonateisformed

Ca(OH)2(aq)+CO2(g) CaCO3(s)

(vii) Whichotherelementisthereforecontainedinthecandle?

12.

Theaboveexperimentwascarriedouttoinvestigatethereactionbetweensteamand
magnesium.Answerthequestionthatfollow.
(i) Whyisthewetsandheated?

– Toproducesteamwhichwillreactwiththemagnesiumribbon.
(ii) Whatwasobservedwhensteamwaspassedoverhotmagnesiumribbon.

– Magnesiumburnedbrightlyinsteamtoformwhitemagnesiumoxidepowder
(iii) Namegasy–Hydrogen.
(iv) Howwouldyouconfirmitsidentity?

– Itwouldburnwitha‘pop’soundifaburningsplintisbroughtnearthemouth
ofthetube.Thisconfirmsbeyondanydoubtsthatthegasishydrogen.

13.Belowarethemainsourcesofwaterpollution.Explainhoweachofthemaffectsthe
environment?
(i)Sewage
(ii)Fertilisers
(iii) Chemicals/Pesticides
(iv) Oilanddetergents
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(i)Sewage
– Dissolveoxygeninwaterisusedbybacteriaandthusmostofthelivingorganismsin

waterdieandthiswaterbecomescloudyandsmelly.
(ii)Fertilizers
– Rainwashesfertilizersintoriversandlakesandthusbacteriagrowfasterandagain

useupalloxygendissolveinwater.
(iii) Chemicals/Pesticides
– Acids,alkalis,dyesandsprayingchemicalsarepoisonoustoanimalsandplants.
(iv) Oilformslayersonwateranddetergentsformfoaminwaterandthusnomore

oxygendissolvedinwaterfromatmosphere.

14.Theflowchartbelowshowsthetreatmentofwaterinwatersupplysystems.
A

H2O

in
B C

E D

Tapwater

(i)SuggestasuitablesubstancesthatcanbeusedinfiltrationchambersAandC.
- Stones
- Gravel
- Coarseandfinesand

(ii)Aluminiumsulphate(Alum)isusedinthesedimentationchamberB.Explainthe
action ofaluminiumsulphate.

- Itisacoagulantwhichmakesthesuspendedparticlesclamptogetherandsettle
onthebottomofthestoragetanks.

(iii)Whyisaerationimportanthere.
- Thishelpsinthekillingofsomebacteriabyoxidationandeffectsofsunlight.
(iv)Whyischlorinationnecessary?

Filtration

Sedimentation Filtration

Aeration
Chlorination

Fluoridation

Softening
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- Chlorineisusedhereasagermicidetomakewaterquitesafetodrink.
(v)Explaintheimportanceoffluoridation.
- Thereismedicalevidencethatthepresenceofaboutonepartpermillion(P.P.M)

ofsodiumfluorideindrinkingwaterreducesthedecayofchildren’steeth.Thatis
whysomewaterworksuseSodiumfluoride.

(vi)Waterpollutionwhichcanbeahealthhazardmaybedividedintothree
categoriesdependingontheircause.Listthemdownandbrieflythecausesand
theirremedies.

State.
(i) Physicalpollutionofwater–Thismainlyreferstosuspendedmatterand

turbidity–fromsoilerosionandcolloidalwaste.
-ThiscanbecorrectedbyadditionofcoagulantssuchasAlum.

(ii) Biologicalpollution–Thisisduetothepresenceofbacteria,protozoa,viruses
andparasites.Infectionslikecholera,typhoidanddysenteryhavebeentraced
tocontaminatedwatersupplies.
-Additionofchlorinekillsthemandmakesthewatersafetodrink.

(iii)Chemicalpollution–Thisisfromindustriesandagriculture(acids,alkali+
heavymetalcations,soapproduction,foodprocessingfertilisersetc.
-Theheavymetalsareprecipitatebyaddingcalciumhydroxide.
-Fertilisers,theuseisstrictlycontrolled.
-Mostdetergentsnowmarketedarebiodegradableandcanbewashedinto
lakesandriverswithoutanyharmfuleffect.

(iv) Thermalpollution–Thisarisesfromtheuseofwaterbymanufacturingand
powerplants.
-Thisresultstothedecreaseofdissolvedoxygenandoxygenisrequiredby
allplantandanimalslife.
-FactorieslikePanAfricanMill,Webuyehaveagoodsophisticatedtreatment
plantwhichinvolvescoolingofwatersothatasitresultstotheriverisin
acceptablestandard.

15.Defineandgiveoneexampleofeachofthefollowing;waterofcrystallization,
efforescence,hygroscopic,deliquescence.
WhathappenswhenbluecopperIISulphatecrystalsareleftinadesiccator?

– Waterofcrystallization–isthedefinateamountofwatercontainedinacrystale.g.
COCl2.6H2O,Na2CO3.10H2Oetc.

– Efflorescence–istheprocessofloosingwaterofcrystallisationintotheatmosphere
whenexposedtotheair,Na2SO4.10H2O,Na2CO3.10H2O Na2CO3.H2O+9H2O
CuSO4.5H2Oetc.

– Hydroscopicsubstance–Thisonewouldabsorbwaterfromtheatmospherebut
doesn’tdissolveinittoformasolution.E.g.concentratedSulphuricacid,ethanol,
CaO,CuO,etc.

– Deliquescence–istheprocessbywhichsomesaltsabsorbwaterfromthe
atmosphereanddissolveinthewatertoformasolutione.g.NaNO3,CaCl2,FeCl3,
NaOHetc.

– WhenblueCopperIIsulphatecrystalareleftinadesiccator,theyloosewaterof
crystallizationandchangefrombluetowhite.
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CuSO4.5H2O CuSO4+5H2O(l)

16.

ThepowderDiscopperoxideinaporcelainboat;whichisheatedincombustion
(a)WhatisthechemicalA?

Zincgranules.
(b)WhatisthechemicalB?

DiluteHydrochloricacid.
(c)FromwhichofthetwoAandB,isthegashydrogenliberated.

B
(d)WriteanequationforthereactionbetweenAandB.

2HCl(aq)+Zn(s) ZnCl2(aq)+H2(g)

(e)WhatisthecolourofthepowderD?
(i)Atthebeginningoftheexperiment?

B
(ii)Attheendoftheexperiment?

Brown
(f)Whathappenstotheanhydrouscoppersulphateduringtheexperiment?What

doesitshow?
-Itturnsfromwhitetoblue.
-ThisshowsthatsomewatermoleculeshavebeenformedafterCuOwasreduced
bythehydrogen.

2H2(g)+O2 2H2O(g)

(g)WhatisthesubstanceinthetubeCandwhatisthefunction?
C-AnhydrousCalciumChloride
-Itisadryingagent.

(h)Whatisthenameofthereactionbetweencopperoxideandhydrogen?Writethe
equationforthisreaction.
-Redoxreaction
-CuO(s)+H2(g) H2O(g)+Cu(s)

Reduction
(i)Nameonesolidsubstancewhichhasasimilarfunctiontothatofhydrogeninthis

experiment.
-Carbon
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(j)Intheexperimentthefollowingfigureswereobtained.
Massofporcelainboat=7.8g
Massofboat+copperoxide=9.8g
Massofboat+thesubstanceremaining
Whencool=9.0g

(i)Whatisthemassofcopperoxide?
Massofcopperoxide=9.8–7.8

=2.0g
(ii)Whatisthesubstanceleftwhencool?

Coppermetal
(iii)Whatisthemassofoxygenpresentinthismassofcopperoxide?

9.8–9.0=0.8g
(iv)Whatisthepercentagebymassofoxygeninthissampleofcopperoxide.

Massofcopperoxide=2.0g
Massofoxygen =0.8g
Percentagebymassofoxygen=

0.8x100=40%
2.0

17.(i)Howishydrogenmanufacturedonalargescale?Givethreeindustrialusesofthegas.

(i)Itisproducedasby-productinthecrackingofoils.
(ii)Intheelectrolysisofbrine.
(iii) Intheactionofsteamonhydrocarbonssuchasmethaneinthepresenceofnickle

catalystat8000Ctoyieldwatergas.Whenthisgasistreatedwithmoresteam,
CO2andmorehydrogenisformed.ThenCO2isremovedbydissolvingitinwater
inpressure.

ThreeIndustrialusesofhydrogen
(i)SynthesisofAmmonia,hydrogenchlorideandmethanol.
(ii)Inthemanufactureofmargarineandcookingfats–hydrogenationprocess.
(iii) Intheoxy-hydrogenblowpipeandatomichydrogentorch,usedtoproducedhigh

temperaturesforweldingetc.

(ii)Oxygenandnitrogenareobtainedfromairbyfractionaldistillation.Whycanthis
methodbeusedforthispurposeyetcannotbeusedtoobtainedhydrogenand
oxygenfromwater?
Airisamixturewhichcanbeseparatedbyphysicalmeans–fractionaldistillation,
waterisacompoundofoxygenandhydrogenandthesetwocan’tbeseparatedby
distillationbutbyachemicalmeanslikeelectrolysis.

18.(a)Explainwhatismeantby“hardwater”.
- Hardwaterdoesnotformlathereasilywithsoapasitcontainsdissolved.Solids

(saltsofcalciumandmagnesium).
(b)Givethenamesandformulaeofcompoundswhichcausetemporaryhardnessand

thosewhichcausepermanenthardness.
- Temporaryhardness(T.H)canbecausedbycalciumhydrogencarbonate,Ca(HCO3)2
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andmagnesiumhydrogen
Carbonate,Mg(HCO3)2

- Permanenthardness(P.H)canbecausedbythepresenceofcalciumsulphate
(CaSO4)andMagnesiumSulphate(MgSO4),CalciumChloride(CaCl2)andMagnesium
Chloride(MgCl2)

(c)Explain,givingionicequations,howboilingremovestemporaryhardnessonlywhich
theadditionofwashingsodaremovesbothtypesofhardness.
T.Histhatwhichcanberemovedbysimplyboiling.WhenT.Hwaterisboiled,a
depositofinsolublecarbonateisformed.

Ca(HCO3)2(aq) CaCO3(s)+CO2(g)+H2O(l)

Ca2+(aq)+2HCO
-
3(aq) CaCO3(s)+H2O(l)+CO2(g)

P.H.isthatwhichcan’tberemovedberemovedbyboilingasSulphates/Chloridesof
calciumandmagnesiumdonotdecomposeonheating.Itcanberemovedbyaddition
ofSodiumCarbonate(Washingsoda)wheninsolubleCarbonateisprecipitated.
CaSO4(aq)+Na2CO3(aq) 2NaHCO3(aq)+CaCO3(s)

(d)(i)Youaregivenaclearliquidinabeaker.Explainhowyouwouldconfirmthatthe
liquidispurewater.

- AfewdropsoftheliquidareaddedtowhiteCopperIISulphate.Whichturnsblue,
showingthepresenceofwater.

- Thedeterminationofitsb.p(1000Catsealevel)showsthatitispurewater.When
evaporatedtodryness,noresidueisleft.Thisalsoshowsthattheliquidispure
water.

(ii)Iftheliquidin(i)aboveissoftwater,howwouldyouconvertitintowater
possessingtemporaryhardness.

- AddCalciumCarbonatepowdertothesampleofwaterandbubblecarbondioxide
gasthroughit.
H2O(l)+CO2(g)+CaCO3(s) Ca(HCO3)2(aq)

- TheformationofCa(HCO3)2(aq)meansthepresenceoftemporaryhardness.

(iii)Inwhatwayishardwateranuisancewhenusedincertainindustriesasasource
ofsteampower?Stateoneadvantageofhardwater.

- Scale(depositofCaCO3)isformedinsteamboilers(‘fur’inkettles).Heatdoesnot
passthroughthescaleeasily;thereiswastageofenergy.
Advantage

- Ca2+ionsareneededbythebodyforbonesandteethformation
- ShellsofanimalsandeggsofmanycontainCalciumCarbonate,andsomecomes

fromhardwater.

(iv)Explainwhytheabilityoftemporaryhardwatertoconductelectricityfallshenthe
waterisboiledbutitisnotmuchaffectedwhentheT.Hisremovedbyadditionof
washingsoda.

- Asthewaterisboiled,T.Hisbeingremovedi.e.Ca2+andHCO3
-ionsarebeing

removed.Asthequantityofionsinsolutiondecreases,theconductivityofelectricity
falls.Attheend,therewillbecalciumcarbonate,waterandcarbondioxidewhich



isabokemicah@gmail.com

ForMoreEResourcesCall0705525657 Page32of32

don’tconductelectricity.
- Whenwashingsoda(SodiumCarbonate)isadded,CalciumCarbonateisprecipitated

butthesolutioncontainsSodiumhydrogenCarbonatei.e.thereareNa+andHCO3
-

ionsinsolutionwhichconductelectricity.
(v)Nameamethodbywhichhardwatercanbesoftenedeasilyandconvenientlyat

home.Statebrieflyhowitworks.
- Ionexchange–HardwaterisrunthrougharesininwhichtheCa2+andMg2+ionsare

exchangedforNa+ionswhichdonotreactwithsoap.
Ca2++Sodiumpermut Sodiumsalt+Calciumpermutit
Ca2+SO4

2-+Na2P Na2SO4(aq+cap
ions 2Na+ions

- WhenalltheNa+ionsinthepernutithavebeenreplacedbyCa2+andMg2+ions,the
resinisregeneratedbypassingasolutionoffairlyconcentratedcommonsalt(brine)
downit.Soanotherionexchangetakesplaceasshownbelow.

-
CalciumPermutit+SodiumChloride SodiumPermutit+Calciumchloride.

Cap+2NaCl(aq) Na2P+CaCl2(aq)

19.(i) Namethematerialsusedtopreparesoapsandsoaplessdetergents.
- Animalfatsorvegetableoils
- Causticsoda(NaOH)
(ii)Whyaresoapsnowoutnumberedbysynthetic(soapless)detergents?
- Soaplessorsyntheticdetergentsaremadefrompetroleumby-productse.g.ethene

andbenzeneandconsistofmoleculeswhicharesimilarinformandactiontothose
ofsoapafterbeingreactedwithConc.H2SO4andNaOH.Bothhavemoleculeswitha
longcovalent‘tail’andanionic‘head’e.g.
C17H35 COO-Na+

Chain head.
- Hardwaterconsumessoapbefore,latherisformed.Thisisbecause

Calcium/Magnesiumstearatesaltsareinsolubleandformscum,unlikesoap,calcium
andmagnesiumsaltsofsyntheticdetergentaresolubleinwaterandthusdonot
formscum.Moreover,soapsaremadefromgreatlyneededrawfoods.Many
varietiessyntheticdetergentsarepossible,someofthemforspecificpurposes.

20.Explainbrieflythefollowingobservationsaboutasampleofhardwater(a)whenboiledit
formedsomewhiteprecipitate(b)evenafterboilingthewaterformedscumwithsoap(c)
SodiumCarbonatemadethewatercompletelysoft.
- Thiswaterhadbothtemporaryandpermanenthardness.BoilingremovedonlyT.H

andthat’swhythesewasstillscumformed.SodiumCarbonateremovedtheP.H.
whichisneveraffectedbyboiling.

ACIDS,BASESANDSALTS

1.Whatareacids?
Thesearesolutionsformedbydissolvingsomenon-metallicoxidesinwaterwhosePHis
below7andthesameturnsbluelitmuspaperred.
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2.Whatarebases?
Thesearesolublemetaloxideswhichfromalkalinesolutionwithwater,thesameturns
redlitmuspaperblue.

3.Whataresalts?
Thesearethesubstancesformedwhenhydrogenionsofacidsarepartiallyorwholly
replacedbymetalionsoranammoniumradical.Theyalsohavemetallicandnon-
metallicparts.

4.Whatareindicators?
Thesearesubstanceswhichhaveonecolourinacidicsolutionsandanothercolourin
alkalinesolutions.

5.(i)Lemons,vinegar,rhubarbandaciddropsallcontainacids.Howwouldyoudescribe
theirtaste?

- Theyaresour.

(ii)Whatarebicarbonateofsodaandmilkofmagnesiumusuallyusedfor?
- Thesetwoareusedtoneutraliseacidinthestomach.

(iii)Whyisitbettertouseindicatorsratherthanthesenseoftastewhentestingfor
acidsandalkalis.

- Acidscorrodeandbasesarecausticandmayburnyourtonguehenceitisadvisable
touseindicatorswhichareconvenientbecausenorisktakingisinvolvedandwill
simplyshowonecolourinacidicsolutionandanothercolourinanalkalinesolution.

6.(i)Defineanacid.
- Thisisdefinedasacompoundcontaininghydrogen,allorpartofwhichmaybe

replacedbyametal(orametallicradical)togiveasalt.

(ii)Defineabase.
- Thisisasubstancewhichreactswithanacidtoformasaltandwateronly.

7.Statehowyoucandeterminethestrengthofacidsandalkalis.
ThiscanbemeasuredbyusingauniversalindicatoralongwithaPHscale.Thedifferent
coloursoftheuniversalindicatorcorrespondtodifferentPHvalues,usuallyrangingfrom
0to14.

8.(a)Listfourofeachgroupandspecifywhetherstrongorweak.
(i)Acids
- Hcl–Hydrochloricacid–strong
- H2SO4–Sulphuricacid–strong
- H4C2O2–Acid–weak
- HNO3–Nitricacid–strong
- H8C6O7–Citricacid–weak

(ii)Alkalinesolutions
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- NH4OH–ammoniasolution–weak
- NaOH–Sodiumhydroxide–strong
- Ca(OH)2–Calciumhydroxide–strong
- KOH–Potassiumhydroxide–strong

(b)Statetheusesoffouralkalinesolutions.
- Ammoniasolution–Inlaundrywork
- Calciumhydroxide–treatingsoilwhichistooacidictobefertile.
- Magnesiumhydroxide–indegestiontablets.(laxatives)
- Sodiumhydroxide–ovencleanerstomakingsoap.

9.(i)Whatisneutralisation?
- Isaprocesswherebyacertainamountofacidisrequiredtocanceloutordestroya

fixedresultingsolutionisneutral.Asaltandwaterareformed.

(ii)Whatistheimportanceofacid-baseneutralisation?
- Acidsoftencauseproblemsinlifeandtobeonthesaveside,cauncellingtheir

effectsusingalkalinesolutionistheanswer.

(i)OurstomachcontainsHClofPHvolume2.Whenthereisexcessacidformedin
thestomach,wehavepainfulstomachache.Thisisindigestionand
neutralizationisusedasaremedy.Anantacidtabletcontainingmilkof
magnesiaistakentorelievethesufferersfrompain.

(ii)Acidsmaybuildupinsoilcausingthesoiltogoacidicorsourfarmersmaynot
be

abletogrowgoodcropsifthesoilistooacid.Hencetheuseoflimeservesas
theremedyforitrisesthesoilPH.

(iii) Acidscanbuildup,especiallyintheteeth,andcausetoothdecay.Theseacids
are

producedbybacteriafeedingonfoodparticlestrappedbetweentheteeth.
Colgate,close-upetcareallbasic

(iv) Protectivelayersonsomemetalsaredestroyedbyacids,causingthe
underneathsurfacetocorrode.

10.(i)Listfivemethodsusedtopreparesaltsinthelaboratoryregardlessofwhetherthe
saltsaresolubleorinsoluble.

- Directsynthesis
- Doubledecomposition
- Neutralizationmethod
- Theinsolublebasemethodwithacids
- Metal–acidreactionmethod
- Metalcarbonate–acidreactionmethod.

(ii)Whatisthebasicityofanacid?
- Thisisthenumberofhydrogenatomsinonemoleculeofitwhicharereplaceableby

ametal.
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(iii)Definethefollowingterms.
(a)Normalsalt

Anormalsaltisoneinwhichallofthereplaceablehydrogenofanacidhasbeen
replacedbyametalorammoniumradical.

(b)Acidsalt.
Anacidsaltisoneinwhichonlypartofthereplaceablehydrogenoranacidhas
beenreplacedbyametalorammoniumradical.

(c)Basicsalts.
Abasicsaltisonewhichcontainsmetaloxideorhydroxide.

(d)Amphotericsubstances
Thesearesubstanceswhichmayactasbothacidsandbases.

11.(i)Whatdoyouunderstandbyhydrolysisofasalt?Giveexamples.
- Hydrolysisisthereactionofacompoundwithwatersuchthatthehydroxylgroup

ofthelatterremainsintact.
e.g.IronIIIchlorideisacidicbecauseofhydrolysis.Hydratedionsareformedfrom
thewater.

FeCl3(aq)+3H2O(l) Fe(OH)3(s)+3HCl(aq)

Fe3+(aq)+3H2O(l) (Fe3++3OH-)(s)+3H
+
(aq)

Fe3+(aq)+6H2O(l) (Fe3++3OH-)s+3H3O
+
(aq)

Also–AsolutionofNa2CO3isalkalineagainbecauseofhydrolysis.

Na2CO3(aq)+2H2O(l) H2CO3(aq)+2NaOH(aq)

CO3
2-
(sq)+2H2O(l) H2CO3(aq)+2OH

-
(aq)

12.Studytheequationbelowandanswerthequestionsthatfollow:

H+
(aq)+:NH3(aq) NH+

(aq)

(a)Whichofthethreespeciesisalewisbase.Explain.

:NH3–isalewisbasebecauseithasapairofelectronswhileH+isalewisacidforit
requirestwoelectronstoattainastableconfiguration.

(b)Whichofthethreespeciesisabaseaccordingtotheorybronsted–lowry.

:NH3–isabaseforitisaprotonacceptor.

13.(i)ThefollowingtableshowsthePHvaluesofsolutionsA,B,CandD
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Solution PHvalue
A 9.8

B 2.0

C 5.2

D 12.0

WhichoneofthesolutionsNaOH(aq),CH3COOH(aq),HCl(aq)andNH3(aq)correspondsto
solutionsA,B,CandD.

A–NH3(aq) , C–CH3COOH(aq)

B–HCl(aq) , D–NaOH(aq)

(ii)Explainwhysulphuricacidisreferredtoasadibasicacid.
Containstworeplaceablehydrogenatoms.

14.Astudentextractedanindicatorfromflowersofaplant.Theindicatorchangedredwhen
inacqueoussolutionofPH2.7andyellowat49.Woulditbeusedfortitratingdilute
hydrochloricacidagainstdilutesodiumhydroxide?Explain.
- No,PHrangeisnarrowandchangesonlyinacidicconditions.

15.Aweakbasecontainingafewdropsofmethylorangeindicatorwastitratedwithastrong
acidandthecurvebelowwasobtained.

A

PH

B

(a)Whatwillbethecolouroftheindicatorat
(i)A–yellow (ii)B–red

ExplainwhythePHvaluedecreases.
- Hydroxideionsareremovedandthesolutionbecomesacidic.

16.HydrogenSulphuricgasisslightlysolubleinwater.Thereactionisgivenbytheequation
below.

H2S(aq) H+
(aq)+HS

-
(aq)
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(a)Whatdoestheequationaboveshowthebehaviourofhydrogensulphidegaswhen
dissolvedinwater.

- Itisacidic.
(b)WriteanequationforthereactionbetweenlittlesolutionofhydrogenSulphideand

anexcessSodiumhydroxidesolution.
H2S(aq)+2NaOH(aq) Na2S(aq)+2H2O(l)

17.ThegraphbelowshowsthechangesinPHassodiumhydroxidewasaddedtoasolution
ofhydrochloricacid.

PH

VolumeofNaOHadded(cm3)

(a)ExplainwhathappensatB.
-CompleteneutralisationofhydrochloricbySodiumhydroxideoccurs.

(b)Whatwouldbethecolourof:
(i)MethylorangeatA?

Pink
(ii)PhenolphthaleinatC?

Red
18.ExplainwhydiluteSulphuricacidisastrongeracidthantheconcentratedone.

- Sincestrengthdependsonthedegreeofionisation,thenitfollowsthatthe
completelyandinthiscaseitisdiluteSulphuricacid.ThereforediluteSulphuricacid
isstrongerthantheconcentratedone(H2SO4(l)).

19.Whatdoyouunderstandbythetermsolubilityofasoluteinasolvent.
- Thesolubilityofasoluteinasolventisthenumberofgrammesofsoluterequiredto

saturate100grammesofsolventatthattemperature.
20.Definethefollowingterms.

(i)Saturatedsolution.
- Isonewhichcontainsasmuchsolutecanbedissolvedatthetemperature

concerned,inthepresenceofundissolvedsolute.
(ii)Supersaturatedsolution.
- Isonewhichcontainsmoresolutethanasaturatedsolutionatthesametemperature.
(iii) Fractionalcrystallisation.
- Istheprocesswherebysubstancesareseparatedbytherepeatedpartial
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crystallisationofasolution.
(iv) Waterofcrystallisation.
- Isthatdefinitequantityofwaterwithwhichsomesubstancesareassociatedon

crystallisingfromanaqueoussolution.
(v)Suspension.
- Isamixtureofafinelydividedsolidandaliquidinwhichitwillnotdissolve.

21.StudythegraphgivenbelowonthesolubilityofSodiumChlorideandPotassium
Chlorateandanswerthequestionsthatfollow:

SodiumChloride

Temperature(0C)

(a)Whichofthetwosaltsislesssolubleinhotwater.
SodiumChloride

(b)Atwhattemperaturearethetwosaltsequallysolubleinwater?
750C

(c)Statewhathappenswhenamixtureof30gofSodiumChlorideand30gofPotassium
Chlorate(V)in100gofwatercooledfrom1000Cto200C.
- CrystalsofPotassium(V)
- NoSodiumChloridecrystalsformed.

22.ThetablebelowshowthesolubilitiesoftwosaltsPandQatdifferenttemperatures.

Temp0C 10 20 30 40 50

Solubility P 4.6 7.0 9.8 13.0 16.9

Ing/100fofwater Q 10.2 14.6 20.1 27.4 25.0
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Asolublecontained15geachofPandQat500C.Oncoolingthissolutionto100C,
whattotalmassofcrystalswouldbeobtained.

SaltP–15.0–4.6 = 10.4g

SaltQ–15.0–10.2=+4.8g

Total= 15.2g

23.Thesearethreetypesofsolubilitycurveswhichcanbeproduced.Studythemandgive
examplesforeachtype.
(i) Curvesforthosesaltshavingtheirsolubilitiesincreasingwithtemperaturee.g.

KCLO3KNO3etc.
(ii) Curvesforthosesaltswhosesolubilitiesarelessinhotthanincoldwatere.g.

CaSO4,Ca(OH)2etc.
(iii) Curvesforthosesaltswhosesolubilitieschangeveryslightlywithanincreasein

temperatureetcNacl.
24.Studytheinformationbelowandanswerthequestionsthatfollows:

Solubilityincoldwater Boilingpoint

AmmoniumChloride Soluble Sublimesatlow
temperatures

Potassiumnitrate Soluble Veryhigh

Leadbromide Insoluble Low

ExplainhowyouwouldobtainasampleofPotassiumnitratefromamixtureofthethree.
- FilteroutLeadbromidesalt.
- Crystallisethetwosolublesalts
- ThencarryoutsublimationtoseparateNH4Cl(s)andKNO3(s)

25.DeterminethesolubilityofasubstancePin100cm3ofwateratroomtemperaturefrom
thefollowingdata.
(i)Massofevaporatingbasin=25.0g
(ii)Massofevaporatingbasin+SaturatedsolutionofP=55.0
(iii) Massofevaporatingbasin+SolidP(afterevaporating)=30.0g

N/B:Assumedensityofwatertobe1g/cm3

MassofsolutionofP=55–25=30g
MassofSolidP=30–25=5g
Massofwater=30–5=25g
5gofPdissolvedin25gofH2O
Howmanygramswilldissolvein100gofwater
5g–25gofH2O
x–100g
500=20g/100gofH2O
25
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ThereforethesolubilityofsolidPis20g/100gofH2Oatroomtemperature.
26.Brieflycommentontheroleofthesolvent.Giveexamplestosupportyouranswer.

- Solventshelptomakesubstancesionise.Onionisationintheaqueoussolutionsthe
samebecomeelectrolytes.
E.g.–HClmoleculesinwaterdissociateintohydrogenionsandchlorideions.The
hydrogenionscombinewithwatermoleculestoformhydroxoniumions,H3O

+

Hcl(g)+H2O(l) H3O
+
(aq)+Cl

-
(aq)

- Conversely,thesameHClmoleculesinmethylbenzeneremainintheirmolecular
form.Methylbenzeneisnotaprotonacceptor.Consequently,thesolutionhasno
effectonlitmus,doesnotreactwithmetalsanddoesnotconductelectricity.

PERIODICTABLEANDITSDERIVATIVES

1.AnelementXhasatomicnumber20whileelementYhasatomicnumber8.
(a)Writedowntheelectronarrangementfor

X- 2:8:8:2
Y- 2:6

(b)WhattypeofbondwouldbeformedwhenXandYreact?
Ionic/electrovalent

2.(a)Thegridbelowrepresentspartoftheperiodictable.Thelettersdonotrepresentthe
actualchemicalsymbolsoftheelements.
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P R M G

T K

L

(i)Selecttheleastreactiveelement.Explainyouranswer.
G–Hasstableelectronicconfiguration(2:8:8)

(ii)WhattypeofstructurewouldthechlorideofPhave?Explainyouranswer.
Giantionicstructure.

(iii) WhichoftheelementPandGhasalargeratomicradius?Explainyouranswer.
- PhasagreateratomicradiusthanG
- FromPtoGnucleusattractionforelectronsincreasesandthisdecreases

sizeofatom.
(iv) HowdoesthereactivityofelementMcomparewiththatofelementL?Explain

youranswer.
- MismorereactivethanL
- Mhasasmalleratomicradiusandattractionofelectronsbyitsnucleuosis

greaterthanthatofL.

(b)(i)ItwasfoundthattheaqueoussolutionofanoxideofThasahigherPHvaluethan
anaqueoussolutionofanoxideofRofthesameconcentration.Explainthis
observation.

- TisametalandreactswithoxygentoformabasicoxidewhereasRisanon-
metalandreactswithoxygentoformanacidicoxide.

(ii)WouldyouexpectthemoltencompoundformedwhenPreactswithMconduct
electricity?Explainyouranswer.
- PisametalandMisanon-metal
- Theyreactbyionicbonding
- Thecompoundformedisionicandwheninmoltenstateconductelectricity.

3.ThetablebelowgivesinformationonfiveelementsrepresentedbylettersQ,R,D,Eand
G.Studyitandanswerthequestionsbelow.

Element Electronicconfiguration

Q

R

D

2:8:1

2:8:3

2:8:6
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E

G

2:8:8

2:7

(a)(i)GivetheformulaofthecompoundformedwhenQreactswithD.
Q+D Q2D

(ii)Whatisthetypeofbondinginthecompoundformedin(i)above?
Electrovalent/ionic

(iii)Drawadotandcrossdiagramtoshowthestructureofthecompoundformedin
(i)above?

+ -

(iv)Hydrochloricacidreactswiththecompoundformedin(i)above.Writea
balancedchemicalequationtoshowthereaction.

Q2D(s)+2HCl(aq) 2QCl(aq)+H2D(g)

(v)PredictthereactionbetweenEandQ.
Noreaction

Givereasonsfortheanswer.
-BecauseelementEhasitsoutermostenergylevelcompletelyfilledup.

(b)Giventhetwoparticles19 and20
X X

9 9
(i)Indicatethenumberofneutronsin19

X
9

neutrons=19–9=10
(ii)Indicatethenumberofelectronsin20

X
9

electrons=9
(iii)WhatphenomenondoesXshow.

-XisIsotopic
(iv)AmixtureofthetwotypesofXabovecontains67%of19and33%of20.
Calculatethe
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X X
9 9

relativeatomicmassofX.R.A.MofX=67x19+ 33x20=12.73+6.6
100 100

=19.33g

(v)CalculatethemassofXthatwillreactwith0.25molesofQ.

Q+X QX
SincethemoleratioofQ:Xis1:1,0.25molesofQwillreactwith0.25moles

ofX
No.ofmoles=Mass

R.A.M
0.25moles=Mass

19.33
MassofX=19.33x0.25

=4.832g

4.(a)Inanexperiment,metalJreactswithcoldwaterwhilemetalKdoesnotreactwith
wateratall.MetalLreactswiththeOxideofJtoformmetalJ.Whatistheorderof
reactivityofthethreemetalsstartingwiththemostreactivefirst?

L,J,K

(b)AsaltHdissolveseasilyinwaterandconductselectricityinboththeaqueousand
moltenstate.WhattypeofbondingexistsinthesaltH?

Ionic/electrovalent.

5.WhichofthestructuresA,B,CandDbelowrepresentIsotopes?Explainyouranswer.
A B C D

BandD–Havesamenumberofprotonsbutdifferentnumberofneutrons.

6.Alongsideispartoftheperiodictablewithelementsshown.Thelettersusedarenot
theactualchemicalsymbols.Usetheletterstoanswerthefollowingquestions.
(i)Whichoneoftheelementswillformadivalentanion?U

8

R 2 3 4 5 6 7

S
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X Y T U V W

(ii)Whichoneoftheelementwillreactmostvigorouslywithwater?X
(iii) WritetheformularofthecompoundformedwhenYreactswithV

Y YV2

(iv) Ofthetwosolvents,waterandmethybenzenewhichonewillbesuitableforthe
compoundin(iii)above?Explainyouranswer.
- Water–APolarsolvent
- CompoundYV2isanioniconeandwontdissolveinmethylbenzeneanorganic

solvent.
(v) ExplainwhyelementRcanbeconvenientlyplacesinbothgrouponeaswellasin

group7oftheperiodictable.
- R–fitsingrouponesinceitwillloosetheonlyelectrontoformapositiveion.

Justlikeanyothermemberofthegroup.
- Itwillalsofitingroupsevenasonlyone(e)electrontoattainthenoblegas

andacquirenegativechargejustlikeanymemberofthehalogenfamily.

7.(a)Studytheinformationinthetablebelowandanswerthequestionsthatfollow.The
lettersdonotrepresenttheactualsymbolsoftheelements.

Elements Atomic
number

M.P0C Formularof
Chloride

M.P0C
Chloride

G

H

J

K

L

11

12

14

16

20

98

650

1410

113

851

GCl

HCl2

JCl4

K2Cl2

LCl2

801

715

-70

-80

780

(i)Whichelementsaremetals?Giveareason.
G:2:8:1 H:2:8:2 and L:2:8:8:2
- Fromtheirelectronicconfigurationtheycanbeplacedontheleft

handsideofperiodictable–(metallicside)
- Themeltingpointoftheirchloridesarehighhelpingthepresenceof

anionicbondinthechloridesandforanionicbondtobeformed
theremustametalandnon-metal.Thisbondrequiresalotofheatto
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breakhencehighmeltingpoints.
(ii) WritetheformulaofthecompoundformedwhenelementHreactswith

elementK
H–2:8:2 H HK
K–2:8:6

(iii) ExplainwhythemeltingpointofJishigherthanthatofK.
J–hasagiantatomicstructurewithverystrongcovalentbondswhich
willrequirealotofheat(1410)tobreakwhileinthecaseK1130Cis
requiredtobreakthesimplemolecularstructurewhichcomesabout
duetothecombinationofcovalentbondsandweakvanderwaals
forces.

(iv) WhatistheOxidationstateofJinitschloride?
JCl4–totaloxidationnumber=O

-Everychloridehas–1charge
-LetxbetheoxidationnumberJ
x+4(-1)=0
x-4=0
x=4

J–hasanoxidationnumberof4anditschloride

(v)Howdoesthe:
I.MeltingpointofthefluorideofGcomparewiththatofitschloride?
Explain.
- ThemeltingpointofthefluorideofGwillbeslightlyhigherthanthat

ofthechloridesowingtothesmallsizeoftheionsenablingthem
approacheachcloselyinthesolidcrystal.Thereforetheionicbond
isstrongerinthecaseoffluoridesthaninthechlorides.Hencethe
highmeltingpoint.

(v) Howdoesthe:
II.ReactivityofHandLwithwatercompare?Giveanexplanation.
- Lwillreactmorevigorouslywithwaterascomparetoitandwater.
- TheatomicsizeofLislargerthanthatofH,thusmakingiteasyforL

tolooseitstwovalencyelectronstoreactwithwater.InHthe
atomicsizeissmallerandthevalencyelectronsarefirmlyboundby
thenucleusthusmakingtheelementalmostunreactivewithcold
water.
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8.ThegridbelowrepresentspartoftheperiodicTable.Studyitandanswerthequestions
thatfollow.Thelettersarenottheactualsymbolsoftheelements.

Q

O W R S

T U

V Z

(i) Whichelementwillrequiretheleastamountofenergytoremoveoneofthe
outermostelectrons? V

(ii)Selectthemostreactivenon-metal.S
(iii) Whichoftheelementshasthegreatesttendencyofformingcovalent

compound?Explain.
Q–Isingroupfourandrequiresatotaloffourelectronstoattainastable
structure.Sinceitcan’tlooseorgainfourelectrons,theonlyalternativeitis
leftwithistoshareelectronsotherelementsandinsodoingitformscovalent
bondswithotherelementsforstabilitypurpose.

(iv) WhatnameisgiventothefamilyofelementstowhichelementsO,TandV
belong?
Alkalimetals.

(v)AnelementWhasatomicnumber15.IndicatethepositionofWonthegrid.

W–2:8:5
Period–3 onthegrid.
Group–3
Group–5

(vi) ExplainwhytheatomicradiusofSissmallerthanthatofR.
- TheelectrostaticattractioninSisstrongerthantheRbecauseShasmore

protonsinthenucleusandelectronsontheoutermostenergylevel.
AsaresultSdecreasesinsize.

(b) Studytheinformationgiveninthetablebelowandanswerthequestionsthat
follow.

Formulaofcompound Nacl Mgcl Alcl3 Sid4 Pcl5 Scl6

BP0C 1470 1420 Sublime
s

60 75 60
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MP0C 800 710 70 90 80
(i) Givetwochloridethatareliquidsatroomtemperatures.Giveareason

fortheanswer.
Sicl4andPCl5
-ArecovalentandalsohaveweakVanderWaalsforces.

(ii) GiveapossiblereasonwhyAlcl3hasamuchlowermeltingpointthan
Mgcl2althoughbothALandMgaremetals.

AlCl3hassomecovalencycharacterunlikeMgCl2whichispurely
ionichencehighmeltingpoint.

(iii) Whichoneofthechlorideswouldremaininliquidstateforthehighest
temperaturerange?Showhowyouarriveatyouranswer.

9.Completethetablebelow.
Isotope Numberof

59
CO

27

Protons neutrons electrons

27 32 27

10.TheorderofreactivityofmetalsPRandTstartingwiththemostreactiveisR,T,P.By
usingatick()toindicatethatareactionoccursandacross(X)toindicatetoreaction,
completethetablebelowtoshowwhathappenswhenthemetalsareeachaddedto
solutioncontainingionsofP,RandT.

Metal Aqueoussolutionscontainingionsofmetal.

P R T

P X

R
X

T

11.AnelementMhasaboilingpointof48300Candturnsinairtoformanacidicgas.
SuggestalikelystructureforelementM.Explainyouranswer.
- Giantcovalent/atomic
- Alotofheatwillberequiredtobreakthestrongcovalentbondshencethehigh

boilingof48300C.
12.ThetablebelowgiveselementsrepresentedbylettersT,U,V,W,X,Yandtheiratomic

numbers.

Element T U V W X Y

Atomicnumber 12 13 14 15 16 17
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Electronarrangement 2:8:
2

2:8:
3

2:8:4 2:8:
5

2:8:
6

2:8:
7

Usetheinformationinthetabletoanswerthequestionsbelow:
(a)Completetheabovetablebygivingtheelectronarrangementofeachofthe

elements.
(b)Inwhichperiodoftheperiodictabledotheseelementsbelong?Giveareason.

- Theybelongtoperiodthree
- Theyhavethreeenergylevelseach.

(c)HowdoesatomicradiusofVcomparewiththatofX?Explain.
-AtomicradiusofXissmallerthanthatofVbecauseelectrostaticattractioninXis

strongerduetohighprotonintensityinthenucleusandelectronsgoingtothe
sameorbital.

(d)GivetheformulaofthecompoundthatcouldbeformedbetweenUandW.

U W UW
(e)WhattypeofbondingwillbepresentincompoundformedTandY?Explain.

- T Y TY2–electrovalentbond.
-Thetwoelementsametalandnon-metalandthereforethereisacomplete

transferelectrons.Henceionicbond.
(f)ArrangethespeciesT,T-,T+inincreasingorderofthesize.

T+,T,T-,
(g)WhichoftheionsX2+andX2-isthemoststable?Explain.

X2-isthemoststablebecauseithastheconfigurationofanoblegas2:8:8.
(h)Givetheformulaof:

(i)Anacidicoxideformedwhenoneoftheelementsinthetableisheatedinair.

XO2

(i)Abasicoxideformedwhenoneoftheelementsinthetableisheatedinair.

TO
13.TheelectronarrangementofionsX3+andY2-are2,8and2,8,8respectively.

(a)Writetheelectronarrangementoftheelements.

X–2:8:3
Y–2:8:6

(b)WritetheformulaofthecompoundthatwouldbeformedbetweenXandY.

XY X2Y3

14.ThetablebelowgivesinformationonfourelementsrepresentedbyletterK,L,MandN.
Studyitandanswerthequestionsthatfollow.Thelettersdonotrepresenttheactual
symbolsoftheelements.
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Element Electroarrangement Atomicradius(nm) Ionicradius(nm)

K 2:8:2 0.136 0.065

L 2:8:7 0.099 0.181

M 2:8:8:1 0.203 0.133

N 2:8:8:2 0.174 0.099

(a)Whichtwoelementshavesimilarchemicalproperties?Explain.

KandN–Havethesamenumberofelectronsontheiroutmostenergylevelandas
suchtheirchemicalpropertiesaresimilarsincethoseelectronsaretheones
involved.

(b)WhatisthemostlikelyformularoftheoxideofL.

L2O

(c)Whichelementisanon-metal?Explain.

L–belongstothehalogenfamilysinceithassevenelectronsonitsoutermost
energylevel.Itsionicradiusislargerthantheatomiconeandthisisfoundinnon-
metals.

(d)Whichoneoftheelementsisthestrongestreducingagent?Explain.
M–Ithasthelargestatomicradiusandthereforeloosesitsoneoutermostenergy
levelelectronwithalotofease.Thusitisthestrongestreducingagent.

(e)ExplainwhytheionicradiusofNislessthanthatofM.
N–IonwasformedafteratomNloosingtwoelectronsresultingtotheshrinkingof
theionbecausetheprotonsareintact.Mionformedafterloosingoneelection.Here
theshrinkingisn’taspronouncedasinN.

(f)ExplainwhytheionicradiusofLisbiggerthanitsatomicradius.
L–isgainingelectrons,offsetingthebalancebetweenelectronsandprotons.
Electronsincreaseandoutnumbertheprotonsandasaresulttheionicbulgesout
abit.Thusincreaseinthesizeoftheion.

15.ThetablebelowgivestheatomicnumbersofelementsW,X,YandZ.Thelettersdonot
representtheactualsymbolsoftheelements.
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Element W X Y Z

Atomicnumber 9 10 11 12

(a)Whichoneoftheelementsisleastreactive?Explain.

X–2:8–itisanoblegasconfiguration.
(b)(i)Whichtwoelementswouldreactmostvigorouslywitheachother?

WandY
(ii)Givetheformulaofthecompoundformedwhentheelementsin(i)above

react.

YW

16.Studythetablebelowandanswerthequestionsthatfollow.

Element Atomic
number

R.A.M MP0C

Aluminium

Calcium

Carbon

Hydrogen

Magnesium

Neon

Phosphorus

Sodium

13

20

6

1

12

10

15

11

27.0

40.0

12.0

1.0

24.3

20

31.0

23

850

3730

-259

650

-249

44.2(white)590
(red)

97.8

(a)Completethetablebyfillinginthemissingatomicnumbersandatomicmass.

(b)Writetheelectronarrangementforthefollowingions:
(i)Ca+-2:8:8:1
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(ii)P3--2:8:8

(c)WhatisthemeltingpointofhydrogenindegreeKelvin?
(-2590C+273)K=14K

(d)Whichofthetwoallotropesofphosphorushasahigherdensity?Explain.
-Theredallotrope
-Hasahighermp0Cthanthewhiteone.Thehigherthedensitythehigherthe

intensityoftheintermolecularforcesandthehighertheMP

(e)ThemassnumbersofthethreeIsotopesofmagnesiumare24,25,and26.Whatis
themassnumberofthemostabundantIsotopeofmagnesium?Explain.
24–isnearesttotheR.A.M24.3andthismeansitisthemostabundant.

(f)Givetheformularofthecompoundformedbetweenaluminiumandcarbon.
Al4C3

(g)Explainthedifferenceinthemeltingpointsofmagnesiumandsodium.
BotharemetalsbutthentheMPofmgishigherbecauseitsmetallicbondis
strongerthaninsodium.Thisstrengthdependsonthenumberofvalencyelectrons.
Theremorethevalencyelectrons,thestrongerthebond.

17.Belowisatableofsomepropertiesofthechloridesoftheelementsinperiod3.Useitto
answerthequestionsthatfollow.

Formulaor
chloride

Nacl Mgcl2 Al2cl6 Sicl4 Pcl4 S2Cl2 Cl2

Stateat250C Solid Solid Solid Liquid Liquid Liquid Gas

Boilingpoint(0C) 1465 1418 423 57 74 136 -35

Electrical
/conductivityin
moltenstate Good Good V.

Poor
Nil Nil Nil Nil

(a)WhyistheformulaofaluminiumchloridegivenasAl2Cl6andnotAlCl3?
– Itexistsasadimmer.

(b)Explain;
(i)Thevariationofstatesofthechloridesat250C.
– ChloridesofSodiumandmagnesiumionic.Aluminiumchloridesispartlyionicand

partlycovalentfromsilicontochlorinetheintermolecularforcesareweakVander
Waalsforceswhichbecomeminimalatchlorine.

(ii)Thevariationoftheboilingpointsofthechlorides.
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– Strongionicbondsrequirelargeenergytobreak.WeakvanderWaalsforces
requirelessenergyhencethedecreaseinboilingpoints.

(c)Writethereactions,ifany,whichoccurwhenthefollowingchloridesareaddedto
water.
(i) Nacl–Noreaction (ii)Sicl4–Sicl(l)+2H2O(aq) SiO2+4Hcl(aq)
(iii)2S2Cl2(l)+2H2O(aq) 3S(s)+SO2(g)+4HCl(aq)

(d)CommentonthePHoftheresultingsolutionsin(c)above.
(i)PH=7 (ii)PH=7 (iii)PH=7

18.BelowisaTimeTableofelementsrepresentedbylettersAtoJandtheiratomic
numbers.Usethetabletoanswerthefollowingquestions.

Element A B C D E F G H I J

Atomicnumber 11 1 17 8 10 12 7 20 2 16

(a)(i)Whichtwoelementshaveavalency+1
AandB

(ii)Withreferencetotheelectronicstructure,whatcommonfeaturedotheelements
ina(I)have?
Oneelectronintheoutermostenergylevel.

(b)WhichtwoelementsbelongtogroupVIII.
EandI

(c)Selecttwoelements,ineachcase,whichformsionsofthefollowingtype.
(i)X2- DandJ
(ii)X2+ FandH

(d)Selectanytwoelementswhichformacompoundthatconductselectricitybothin
fusedstateandinsolution
AandC

(e)Selectanytwoelementswhichwhencombinedanddissolvedinwaterformanacidic
solution?
BandCorJandD.

19.(a)Studythetablebelowandanswerthequestionsthatfollow.

Element Atomicradius/nm Ionicradius

A 0.333 0.078

B 0.090 0.120

C 0.157 0.098
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(i)Twooftheseelementsaremetals.Whicharethey?
AandCfor(ionsaresmallerthantheirparentatoms.

(ii)Whichisthenon-metallicelement?
Howdoyouknowthat?
B–Ionicradiusislargerthanthatoftheparentatom.

(iii) Thetwometallicelementsbelongtothesamegroupoftheperiodictable.Which
ismorereactive?Whichonewillhavegreateratomicnumber?.

– Goingdownagroup,thesizeoftheatomaswellasthatofitsionincreases.
HenceAisaboveisaboveCinthesamemetallicgroup.Thereactivityofthe
metalsinagroupincreases,goingdownthegroup.HenceCismorereactiveand
willhavegreateratomicnumber.

(b) Thetablebelowgivessomepropertiesrelatingtoelementsinperiod3ofthe
periodictableanditsoxides.

Element Na Mg Al Si P
FormulaofOxide Na2O MgO Al2O3 SiO2 P2O5

Atomicradius 1.57 1.36 1.25 1.70 1.10

(i) Theatomicradiioftheelementsintheperiodictabledecreasefromleftto
right.Explainthis.
– Goingfromlefttorightoftheperiod,eachelementhasonemoreelectron

thanthepreviouselement.Noticethatthisextraelectrongoesintothe
sameenergylevel(3rdinthiscase)anddoesnotcauseanyincreaseinthe
sizeoftheatom.But,theextrapositivechargeonthenucleus,causedby
theextraproton(goingfromlefttoright,atomicnumberincreasesby1),
increasestheattractionoftheelectronsandmakesatomsslightlysmaller
acrosstheperiod.

(ii) Whatconnectionistherebetweenthepropertiesoftheoxidesandthe
metallicandnon-metallicnatureoftheelementsinthisperiod?
– Oxidesofmetalsarebasicoramphoteric(aluminiumoxide);non-metal

oxidesareacidicwithlowmeltingpoints–mostofthemaregases.SiO2

hasagiantstructureandisasolidwithveryhighmeltingpoint.Itisan
amphotericoxide.

(iii) Whichoxidesare(i)acidic (ii)basic (iii)amphoteric?
(i)Acidicoxides–P2O5

(ii)Basicoxides–Na2OandMgO
(iii)Amphotericoxides–Al2O3andSiO2

(iv) BothSulphurandChlorinefollowphosphorusinthisperiod.Writetheformulae
oftheiroxides.

SO2,SO3andCl2O,Cl2O6,Cl2O7

20.(a)Whydoesanarrangementofelementsinorderofincreasingatomicnumber
constituteaperiodictable?.
– Chemicalpropertiesofelementsareperiodicfunctionofatomicnumber.

(b)Whyaretheelementsofgroup1ofperiodictableknownasalkalimetals?.
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– Theseelementsreactwithwatertoformalkalinesolutions.
(c)TheelementsF,Cl,Br,andIaredescribedashalogens,Whatdoesthismeanand

whyisitappliedtotheseelements.
– Ahalogenisasaltproducer.Theseelementsdirectlyreactwithmetalstoform

salts.
(d)GivethreereactionsofGroup1elementsoritscompoundsinwhichallmembersof

thegroupbehavesimilarly.
– Allformoxideswhichreactwithwatertoformsolublehydroxides,showavalency

of+1.Theirhydrogencarbonatesaresolidandallgiveflametest.

(e)AlmostallnaturallyoccuringIrononearthexistsasIronIIIwhereasthesample
foundonthemoonismainlyIronII.Explain.
– OxygenisatmosphereoxidisesIronintoIronIII;whilethemoonhasnosuch

atmosphere.

MOLECONCEPTINGENERAL
(i)Gaslaws
(ii)GrahamsLawofdiffusion
(iii) Themole
(iv) Avogadrosnumber
(v)Empericalandmolecularformulae
(vi) Percentagecompositionofacompound.
(vii) Molargasvolume
(viii) Atomicityofgases
(ix) GayLussac’sLawofcombiningvolume
(x)MolarSolutions
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1.StatethefollowingLaws.
(a)Graham’sLaw.

Therateofdiffusionofagasisinverselyproportionaltothesquarerootofitsdensity
atconstanttemperatureandpressure.

(b)GayLussac’sLaw.
Whengasesreacttheydosoinsmallvolumeswhichbearacertainratiowithone
another.

(c)Charle’sLaw.
Thevolumeofafixedmassofagasisdirectlyproportionaltoitsabsolute
temperatureatconstantpressure.

(d)Boyle’sLaw.
Thevolumeofafixedmassofagasisinverselyproportionaltopressureatconstant
temperature.

(e)Avogadro’sLaw.
Equalvolumesofallgases,atthesametemperatureandpressure,containthesame
numberofmolecules.

(f)Dalton’sLawofpartialpressures.
Iftwoormoregases,whichdonotchemicallyreact,aremixed,thetotalpressure
exertedbythegasmixtureisequaltothesumofthepartialpressuresofthe
componentgases,temperatureremainingconstant.

2.(a)Drawsketchygraphsrepresenting;
(i)Boyle’sLaw.

Ahyperbola
V or V

O 1 P
P

(ii)Charle’sLaw.

V
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273 T/K
(b)Illustrate

(i)Boyle’sLaw.
Constanttemperature.
CPorPV=constant.

(ii)Charle’sLaw.
Atconstantpressure–VTorV=constant.

T

3.At270C,nitrogenhasavolumeof650cm3underpressureof980mmHg.Whatwouldbe
itsvolumeatthesametemperaturebutatapressureof760mmHg?.

At270C P1=980mmHg V1=650cm
3

P2=760mmHg V2=?

AtthesametemperatureP1V1=P2V2(Boyle’sLaw)

Therefore V2=P1V1 =980x650
P2 760

V2=838.2cm
3

4.Twogases,AandBhavedensitiesof0.18gdm-3and2.90gdm-3respectively.Ifthey
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diffuseunderthesameconditions,whataretheirrelativeratesofdiffusion.

ByGrahamslawRA = eB RA+RBareratesofgasesAandBrespectively
RB eA

= RA
2 =eB

RB eA
=2.90
1.18 =16

ThereforeRA = 16 =4
RB

Therefore,thegasAdiffusesfourtimesfasterthangasB.

5.Inanexperiment,itwasfoundthatamoleofagasoccupied24.0dm3at200Cand
atmosphericpressure.WhatvolumewoulditoccupyatS.T.P?

P1=1atmosphere P2=1atmosphere
V1=24.0dm

3 V2=?
T1=(273+20)=293K T2=273K

P1V1 = P2V2 V2 =P1V1T2
T1 T2 P2T1

=1x24x273
1x293

=22.36dm3

=22.4dm3

1Moleofagasoccupies22.4dm3ats.t.p.
6.RatesofdiffusionoftwogasesAandBareintheratio2:1.IfthemolecularmassofgasA

is16g.FindthemolecularmassofB.

RateofdiffusionofA = MolecularmassofB
RateofdiffusionofB MolecularmassofA

2 =M
1 16

M =2x16=8 henceM=82=64
ThereforemolecularmassofB=64g.

7.100cm3ofagasatr.t.pwascooledto60cm3.Calculatethenewtemperatureoftheasin
0Cifthepressureiskeptconstant.

ByCharle’sLaw. V1 =V2
T1 T2

Therefore 100=60
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298 T2

T2 =60x298
100

=178.8K

In0C=(178.8–273)
=-94.20C

8.(i)Whatisamole?.
Amoleistheamountofanysubstancethatcontains6.0x1023particlesofthat

substance.
(ii)HowmanygramsofSulphurcontain3.0x1021atoms?.

6.0x1023atomsarein1molarmassofSulphur32g.

3.0x1021atomsarein 32x3.0x1021

6.0x1023

=16x10-2

=0.16g
(iii)Calculatethenumberofatomsin0.027gofaluminiumand48gofcarbon.

1MoleofALhas 6.0x1023atoms
i.e.27gofALhas“
0.027gofALhas 6.0x10x0.027

27
=6.0x1023x27x10-2 =6.0x1023x10-3

2.7x10
=6.0x1020atoms

(iv)48gofCarbon
1MoleofCarbonhas 6.0x1023atoms
i.e.12g“ “ “ “
48g “ “ “ 48x6.0x1023

12
=2.4x1024atoms.

(v)Howmanyelectronswillbelostwhen1.8gofMagnesiumareconvertedintoMg2+

ions?.

Mg(s) Mg2++2e
1MoleofMgwillloose2molesofelectronstobecomeMg2+ions
24gofMglooses 2x6.0x1023electrons
1.8gofMgwillloose

2x1.8x6.0x1023 =0.9x1023

24
=9x1022electrons

(vi)Calculatethenumberofnitrogenmoleculesin560cm3ofnitrogengasats.t.p.
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1moleofN2gasmoleculeoccupies22400cm3ats.t.p.
6.0x1023moleculesofnitrogenoccupies22400cm3ats.t.p.
560cm3ofnitrogenwillhave22400cm3 6.0x1023molecules
22400cm3 Xmolecules

6.0X1023X5.6X10 =
2.24X10

6.0X1023X4X10-2

=6.0X1021x4
=2.4x1022molecules.

(vii)Howmanycalciumionsandhowmanychlorideionsarein1moleofcalciumchloride,
CaCl2?.

Cacl2 Ca2++2Cl-

1mole 1mole2mole
1moleofCacl2contains1moleofCa2+ionsand2molesofCl-ions.
1moleofCa2+ions =6.0x1023Ca2+ions

2molesofCl-ions=2x6.0x1023

=1.2x1024Cl-ions
(viii)Calculatethenumberofionspresentin20gofCa2+ ions.

40gofCa2+ionscontains6.0x1023ions
20gofCa2+willcontain

6.0x1023x20 =3.0x1023ions
40

(ix)0.5molofahydratedsaltcontains90gofwater.Findthemolesofwatercontained
informulamassofthesalt.
0.5molesofahydratedsaltcontains
90gofwater=90=5molesofH2O

18
moleofthesamehydratedsaltcontains1x5 =10molesofwater

0.5
(x)CalculatethepercentageofwaterinCopper(II)Sulphatecrystals.

(Cu=64,S=32,O=64,H=1).
FormulaisCuSO4.5H2O
1atomofCopper,r.a.m 64=64
1atomofSulphur,r.a.m 32=32
4atomsofoxygen,r.a.m16=64

Totalformulamass=250
Percentageofwater =90x100

250
=36%

(xi)WhatmassofLead(II)nitratecouldcontain13gofLead.
FormulaisPb(NO3)2
Formulamass: 1Pb+2(N)+6(O)

=207+28+96=33
207(g)ofLeadarein331gofLeadnitrate
13gofLeadarein331x13

207
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=20.8gofPb(NO3)2
9.OnheatingSodiumnitrate,itdecomposestogiveSodiumnitriteandoxygenasshown

below.
2NaNO3(s) 2NaNO2(s)+O2(g)

WhatmassofSodiumnitratemustbeheatedtogive8gofoxygen.
(Na=23, N=14,O=16)

If32gofoxygenareevolvedfrom170gofNaNO3,
8gofoxygenwillevolvefrom

8x170=42.5gofNaNO3

32
10.(i)Whatismolargasvolumeofagasats.t.p?.

– Themolarvolumeofanygasis22.4dm3atstandardtemperatureandpressure.
(ii)Whatisatomicityofgases?

– Atomicityofgasesisthenumberofatomscontainedinonemoleculeofagas.

(iii) Calculatethevolumeofoxygenneededforthecompletecombustionof200cm3of
ethane.Whatisthevolumeofthegasformed?
2C2H6(g)+7O2(g) 4CO2(g)+6H2O(g)

2C2H6(g)+7O2(g) 4CO2(g)+6H2O
2Volumes:7Volumes 4Volumes+6volume
200 :700
O2 =200x7 =700cm3

2

Volumeofthegasformed=
Reactants : Products
9volumes : 10volumes
Actualvolumes : x
9x=9000 x=1000cm3–gasformed
CO2=

4/10x1000 =400cm3 (Steam)H2Og=6/10x1000=600cm3.

11.IftheFormulaeofEpisonsaltisMgSO4xH2Oandthepercentageofwateris51.22%.
WhatisthevalueofX(H=1 O=16 Mg=24 S=32).

RFMofMgSO4is120g.Onemoleculeofanhydroussaltcombineswithxmoleculeof
waterandsincethemolecularweightofwateris18,itwillberepresentedas18x.In100g
ofhydratedsaltthereare51.22gofwaterandtherefore100–51.22g=48.78of
anhydroussalt.Mustbethesameinonemoleculeasin100g.

i.e.18x=51.22
100 48.78

x=51.22x120
48.78x100 x=7

12.CalculatethevolumeofCO2at20
0Cand750mmHgpressurewhichwouldbeobtained

bytheactionofexcessdiluteHClon5gofcalciumcarbonate.
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Fromthebalancedchemicalequation1moleofcalciumcarbonateyields1moleof
carbondioxide.100gofcalciumcarbonateyields22.4litresofCO2.Hence5gofcalcium
carbonatewillyield1.112litresthisvolumeofgasbeingproducedat273kand760mm/Hg
pressurethecombinedequationtocalculatethevolumeofO2thatwillbeproducedat
293kand750mm/Hg=1.112litres.

13.50cm3ofmsulphuricacidisaddedtoanexcessofsolidSodiumhydrogencarbonate.
Calculate;
(a)MassofSodiumSulphateproduced(RFMofNa2SO4is142g).

2NaHCO3(s)+H2SO4(aq) Na2SO4(aq)+2H2O(l)+2CO2(g)

1moleofH2SO4yields 142gofNaSulphate.Hence
0.05moleswillyield 0.05x44.8

1
=71gofSodiumSulphate.

14.Giventhat H+ x OH- =1.0x10-14

Calculatethehydrogenionsconcentrationofasolutionwhosehydroxideions
concentrationis;
(a)0.01moles

OH- =1.0x10-2  H+ =1x10-12

(b)7.3x10-11moles

OH-=7.3x10-11

OH- x H+ =7.3x10-11 H+ =10-14

ThenH+ =1x10-14 =1.37x10-4

7.3x10-11 H+ =1.4x10-4moles
(c)3moles

3x100 H+ =1x10-14

H+ =1x10-14 =Recipricalof1/3x10
-14

3x100

0.333x10-14

H+ =3.3x10-15

GiventhatPH=Log10 H+obtainPHofasolutionofwhichthe H+ is;
(a)6.0x10-2moles

PH=-Log10 H+ H+ =6.0x10-2

PH =-Log10(6.0x10-2)
=-(Log6.0+log10-2)
=-(0.778+-2)
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PH =1.22
(b)AdetergentsolutionhasaPHof10.4at250C.Whatistheconcentrationofhydroxide

ionsinthesolutionatthesametemperature?
Solution:

PH=-log H+

Log H+ =-PH =-10.4 =(-0.4+1)+(-10–1)
=-0.6–11 Ah+logof0.6

H+ =100.6x10-11 =3.98x10-11M 4x10-11M

 H+ OH- =1x10-14 4x10-11 OH- =1x10-14

OH- = 1x10-14

4x10-11 =Recipricalof¼x10-14x1011

=0.25x10-3

=2.5x10-4M
15.WabongopreparedBarium(II)SulphatefromBariumhydroxideanddilutesulphuricacid

10cm3oftheacidwereaddedtothealkaliatintervals.Theelectricalconductivitywas
plettedagainstthevolumeofacidusedandthegraphshownbelowwasobtained.

Electrical
Conductivity O

C

B Volumeofacid(cm3)
(i)WhationsareresponsibleforelectricalconductivityatpointsOandCrespectively.

AtO:Ba2+(aq) and OH-
(aq)

AtC:H+
(aq)+SO

2-
(aq)

(ii)WhydoestheelectricalconductivitydecreasefromOtoBandincreasefromBtoC?
– FromOtoB:Ba2+(aq)andOH-

(aq)areremovedfromthesolutionbyforming
BaSO4(s),andH2Orespectively.

– FromBtoC:Excessacid.
(iii)WhathappensatB?

– Completeneutralisationofthealkalihastakenplace.
Ba2+(aq)+SO4

2-
(aq) BaSO4(s)

16.Howmanygramsofcopperoxidewillbeformedbyheating16gofcopperinoxygen
(Cu=63.5)(O=16).
(a)Startbythebalancedequationforthereaction20g
(b)HowmanygramsofHydrogenwillbepreparedtoreducethecopperoxideformedin

(a)above.
Fromthebalancedequationforthereaction1moleofCuOreactwith1moleof
hydrogentherefore20gofitwillbereducedby
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20x2
79.5 =0.503g

(c)Whatmassofwaterwillbeformed?
Fromthebalancedequationforthereaction1moleofCuOform1moleofwater.If
79.5gofCuOform18gofwaterthen20gofitwillform.

20x18
79.5 =4.53g

17.CalculatethepercentageofO2incopperIInitrates(Cu=63.5,N=14,O=16)
=51.2%

18.Studythisequation;
2NO(g)+O2(g) 2N02(g)

If40cm3ofoxygenand40cm3ofnitrogenmonoxideareallowedtoreact.Whatwillbe
their;

(a)VolumeofO2thatremainsunused.
ByGayLussac’sLaw,2volumesofNoreactwithonevolumeofO2therefore40cm3

ofNoreactwith20cm3ofO2.
(b)VolumeofOxygenthatremainsunused.

20cm3

(c)VolumeofNitrogendioxideproduced.
40cm3

(d)Finalvolumeofthemixture.
Thiswillbethevolumeoftheunreactedgasplusthevolumeofnitrogendioxidegas.
Thiswillbe60cm3.

19.WhatisthemassofcopperIIflouride.
(F=19 Cu=63.5) 204g

20.62gofanoxideofametalMwereformedwhen4.6gofthemetalreactedwithan
excessofoxygenwritetheformulaeofthemetaloxide(M=23,O=16).

21.Howmanymolesofflourineatomsarethereinonemoleofflourinemolecules.
2moles

22.CalciumcombineswithO2accordingtothefollowingequation.
2CO(s)+O2(g) 2CaO(g)

Calculatethemassofcalciumneededtoreactcompletelywith160gofO2(Ca=40,O=
16).
FromtheequationforthereactionofO2combinewith80gofcalciumtherefore160gof
O2willcombinewith;

160x80
32 =400gofcalcium

23.Afixedmassofagasoccupies150cm3at150C1.8atmospheres.Whatvolumewillit
occupyats.t.p.

213cm3usethecombinedgasLaw.
24.1Mcalciumcarbonatewhenheateddecomposedyielding22.4litres.Whatvolumeofthe

gaswillbeproducedats.t.pondecomposing0.5molesofcalciumcarbonate.
(Ca=40,O=16, C=12) 11.2litres
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25.Inanexperiment25cm3ofasolutioncontaining26.8gperlitreofsodiumcarbonate
completelyneutralising27cm3ofhydrochloricacid.

a)Writeanequationforreaction.

Na2co3(aq)+2hcl(aq) 2nacl(aq)+H20+CO3(g)

b)Whatisthemolarityofthehydrochloricacid
0.468usetherelationship.
Molarityofacidxvolumeofacid =No.ofmolesofacid
Molarityofacidxvolumeofcarbonate No.ofmolesofcarbonate.

26.Lead(II)carbonatewasadded,alittleatatimeto50cm3of3mnitricaciduntilno
furtherchangewasobserved.Themixturewasthenfiltered.
(i)Writedowntheionicequationforthereaction.

Writedownthenormalequationforthereactionseparateallthesubstancesina
gaseousstates,casedthespectatorions1-ethatareinthesamestateandformon
thereactantandproductdidandyouwillbeleftwiththeionicequation;

=CO3(aq)+2H
+
(aq) H2O(l)+CO2(g)

27.25cm3of0.1Sulphuricrequired20cm3ofSodiumcarbonatesolutionforcomplete
neutralisation.CalculatetheconcertrationoftheSodiumcarbonateinmolesperlitre.

0.125m
28.Calculatetheconcerntrationin(molesperlitre)ofasolutioncontaining0.4sodium

hydroxidein100cm3ofwater. (Na=23,O=16, H=1)
0.1M

29.40cm3ofNgasisreactedwith140cm3ofHgasusingacatalystinaclosedsystem.
(i)Writeanequationforthereaction.

N2(g)+3H2(g) 2NH3(g)

(ii)Calculatethevolumeoftheresidual.
80cm3ofammoniaand20cm3ofunusedhydrogen.

30.(i)Howmanyatoms,do1.5molesofcalciumcontain?(r.a.mofCa=40).
1moleofCacontains6.02x1023atoms.
1.5molescontain6.02x1023x1.5atoms

=9.03x1023atoms
(ii)Whatisthemassingramsof3.01x1023atomsofcalcium?

ThemolarmassofCaid40gmol-1

6.02x1023atomsofCahaveamassof40g
3.01x1023atomsofCahaveamass
40x3.01x1023

6.02x1023 =20g
31.(i)CompoundKhasthefollowingpropertiesofelementsinpercentage.

40.0%calcium
12.0%Carbon
48.0%oxygen

Whatisitsempericalformula?
(R.a.mofca=40,C=12,O=16)

Ca : C : O
40% 12% 48%
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40 12 48
40=1 12 =1 48=3

TheempericalformulaisCaCO3

(ii)AcompoundXhasamassof58ganditsempericalformulaisC2H5.Findits
molecularformula.(C=R,H=1).

Massof(C2H5)n=58
29n=58
n=58

29=2
ThereforethemolecularformularofXis;

(C2H5)2 = C4H10

32.0.32gofoxygenats.t.poccupy0.224litres
(i)Calculateitsrelativeformulamass.

Molargasvolumeats.t.p=22.4L
0.32goccupies0.224L
Howmanygrameswill22.4Lhave?
0.32g 0.224L
X 22.4L

0.32x22.4 =32g
0.224

(ii)Howmanymolecules,byavogadro’snumberdoes0.32gofoxygengashas?
32ghas6.02x1023molecules
32g 6.02x1023molecules
0.32g
=0.32x6.02x1023

32
=6.02x1021molecules

MOLARSOLUTIONS

33.(i)Calculatethemolarityofasolutioncontaining3.71gofsodiumcarbonate,Na2CO3,per
litre.(C=12,O=16,Na=23).
FormulamassofNa2CO3=106
1moleofsodiumcarbonate=106
3.71gofNa2CO3 =3.71=0.035mole

106
Thesolutionis0.035M Na2CO3

(ii)Calculatethemolarityofasolutioncontaining3.12gofcopper(II)sulphatecrystals,
CuSO4.5H2.250cm

3ofsolution.(H=1,O=16,S=32,Cu=63.5)
MolarmassofCuSO4.5H2O=249.5g
3.12gofCuSO4.5H2O=3.12/249.5=0.0125moles
250cm3ofsolutioncontains0.0125molesonelitre(1000cm3)ofsolutioncontains
4x0.0125
=0.05mole
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Thereforethemolarityofthesolution=0.05M
(iii)Calculatethenumberofmolesofsodiumchloridepresentin100cm3ofa2Msolution.

1000cm3ofsolutioncontain2moles
1000cm3ofsolutioncontain 100x2=0.2moles

1000
=0.2moles

(iv)CalculatethemassofSulphuricacidin250cm3ofa0.2M H2SO4solution.
MolarmassofSulphuricacid=98g
1moleofsulphuricacid=98g

No.ofmolesin250 =250x0.25 =0.25moles
1000 4

Massin250 =No.ofmolesx98
=0.25x98

4
=6.125g

(v)Workoutthemolarityofasolutioncontaining3.2gofSodiumhydroxideinonelitre
ofthesolution:

Molarity=Conc.Gdm-3 =3.2
R.F.M 40 =0.08M

Ormassperlitre
R.F.M

TITRATIONSAMPLEQUESTIONS
Choiceofindicators
Thisdependsonthestrengthofboththebaseandtheacid.
(i)Whentitratingweakacidagainststrongalkalis,e.g.Usephenolphthaleinindicatorfor

thefollowing.
– Ethanoicacid
– Butancdioicacid(Succinic)
– Methanoicacid VsNaOH
– Carbonicacid
– Sulphuricacid

(ii)Whentitratingweakalkalisagainststrongacidse.g.
– Ammonia
– Sodiumcarbonate VsHClorH2SO4

– SodiumBorate

Themethylorange(red
(iii)Whentitratingastrongalkaliagainstastrongacide.g.

NaOHVsH2SO4–Useanyindicator
(iv)Whentitratingaweakacidagainstaweakbasee.g.ethanoicacidagainstammonia.

Usemethylred.

Thetablebelowshowsthecolourchangesofsomecommonindicators
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Indicator pHrange Inacid Inalkali

Methylorange 3.0–4.4 Red Orange

Methylred 4.4–6.3 Red Yellow

Litmus 6.0–8.0 Red Blue

Phenolphthalein 8.2–10 Colourless Red

34.Sample1
Youareprovidedwith;

– SolutionWwhichcontains3.56gofHClperlitre.
– SolutionBcontains6.3gof(COOH)2.nH2Operlitreofsolution
– Sodiumhydroxide–solutionC

Youarerequiredto;
(i)StandardisesolutionC
(ii)Determinethevalueofnintheformula(COOH)2.nH2O

Procedure1
PlacesolutionCintheburetteusingapipette.Transfer25.0cm3ofsolutionAintoaconical
flask,addtwodropsofphenolphthaleinindicatorandtitratewithsolutionCuntila
permanentchangeisobtained.Recordyourresultsintable1below.Repeattheprocedure
togetthreereadings.

Table1
1st 2nd 3rd

Finalreading(cm3) 25.0 26.9 28.9

Initialreadings

(cm3)

0.0 2.0 4.0

Titrevolume(cm3) 25.0 24.9 24.9

Treatmentofresults
(a)DeterminetheaveragevolumeofsolutionCused.(1mk)

25.0+24.9+24.9=74.8=24.93cm3

3 3

(b)CalculatetheconcentrationofsolutionAinmolesperlitre(H=1,Cl=35.5).(1mk)
No.ofmoles=Mass=3.56 =0.0098

R.F.M 36.5
=0.01moles

(c)CalculatetheconcentrationofsolutionCinmolesperlitre(H=1,Na=23,O=16).
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NaOH(aq)+HCl(aq) NaCl(aq)+H2O(l)

1 : 1
MbVb =MaVa
1000 1000
No.ofmolesofHCl =25.0x0.1=0.0025

1000
ItfollowsNo.ofmolesofNaOH=0.002
Molarity =No.ofmolesx1000

Volume
=0.0025x1000 =0.100

24.93
Conc=0.100moles/L

ProcedureII
Washthepipetteandconicalflask.Pipette25.0cm3ofsolutionBandtransferitintoa
conicalflask.Add2-3dropsofphenolphthaleinindicatorandshakeTitratethissolution
againstsolutionCintheburette.ObtainthreereadingsandrecordyourresultsintableII
below.

TableII
1st 2nd 3rd

FinalBurettereading

(cm3)

24.9 27.0 28.0

InitialBurettereadings

(cm3)

0.0 2.0 3.0

Titrevolumeused(cm3) 24.9 25.0 25.0

(a)DeterminetheaveragevolumeofsolutionC.(1mk)
24.9+25.0+25.0 =74.9=24.97cm3

3 3
(b)Calculatethenumberofmolesofsodiumhydroxidecontainedintheaveragevolume.

(2mks)
MolesofNaOHin24.97cm3

=24.97x0.100=0.002497
1000

=0.0025
(c)CalculatethemolesoftheacidBcontainedinthe25.0cm3ofsolutionB.(1½mk).

Mole B:C
1:2

MolesofB=0.0025=0.00125moles
2

(d)WhatistheconcentrationofsolutionBinmolesperlitre?(1½).
25cm3contain0.00125molesofB
1000cm3 =1000x0.00125 = 0.05moles

25
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(e)CalculatetheRelativeformulamass(R.F.M)oftheacid.(2mks)
Conc.=0.05moles/litres.
0.05molesweigh6.3g
1mole=1x6.3g

1.05 =126g
(f)Determinethevalueofnintheformula.

(COOH)n.nH2O =(12+32+1)x2+18n=126
=90+18n=126
18n=126–90=36
n=36=2

18

n=2
35.SAMPLEQUESTIONSII

Todeterminewaterofcrystallisation.
– YouareprovidedwithsolutionB10andB14solutionB10isahydratedSodiumcarbonate

(NaCO3.XH2O).Preparebydissolving9.536gofhydratedsodiumcarbonateinwater
andmakingitto500cm3.B14is0.1667MHCl.

Procedure
Place25cm3ofsolutionB10in250cm3beakerandadd2–3dropsofindicator.Place
solutionB14intheburetteandtitrateagainsttheB10solutionuntilthepinkcolourjust
disappears.

Pipettevolume 25.00cm3cm3

Burettereadings

Trial 1st 2nd 3rd

Finalburettereadings 20.20 19.90 20.10 20.00

Initialburettereadings 0.00 0.00 0.00 0.00

VolumeofB14used 20.20 19.90 20.10 20.00

(a)Calculatethemeantitreincm3.
1990+20.10+20.00 =60 =20cm3

3 3
(b)CalculateNo.ofmolesofB14used.(3mks)

20.0x0.1667 =0.003334moles
1000

(c)Writetheequationforthereaction.(3mks)
Na2CO3.xH2O(aq)+2HCl(aq) 2NaCl(aq)+2H2O(l)+CO2(g)

(d)CalculatetheNo.ofmolesofSodiumCarbonatein25.0cm3.(2mks)
Reactingmole Na2CO3 :HCl

1:2
No.ofmolesofNa2CO3 =0.003334x½

=0.001667moles
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(e)Calculatethemolarityofsodiumcarbonatesolution.(2mks)
Na2CO3 :HCl =MaVa = 2

1:2 MbVb 1=

0.1667x20=2 =50Mb=3.334
Mbx25 1 Mb =3.334

50
Mb =0.06668M

(f)Calculatetheno.ofthemolesin500cm3solutionofsodiumcarbonate.
No.ofmolesin500cm3 =500x0.06668

1000
=0.03334moles

(g)CalculatetheR.F.Mofthehydratedsodiumcalculate(3mks)
500cm3ofcontain9.536g
1000cm3 contain?

9.536x1000=19.072g/h
500

MolarityofNa2CO3.XH2O=0.06668M
19.072g 0.06668moles

x 1mole
R.F.M =19.072 =286g

0.06668
(h)DeterminethevalueofXinNa2CO3.XH2O

(2x23)+(12x1)+(16x3)+18x=286
106+18x=286
18x=286–106
18x=180
x= 180

x=10
Theformulashouldbe Na2CO3.10H2O

36.SAMPLEQUESTIONIII

Youareprovidedwith;
(i)SolutionAcontaining9.80gSulphuricacidperlitreofsolution.
(ii)SolutionBcontaining13.8gofacarbonate(X2CO3)perlitreofsolution.Titrate25cm3

(or20cm3)portionsofsolutionBwithsolutionA,usingmethylorangeasthe
indicator.Fromyourresultsandthedataprovidedcalculate;

(a)ThemolarityofthesulphuricacidsolutionA.
(b)ThemolarityofthecarbonatesolutionB.
(c)TheformulamassofthecarbonateX2CO3.
(d)TherelativeatomicmassofX.

Theequationofthereactionis;
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H2SO4(aq)+X2CO3(aq) X2SO4(aq)+CO2(g)+H2O(l)

(H=1.00,O=16.0,S=32.0,C=12.0)
Results
Thevolumeofthepipetteusedwas25cm3

Burettereadings
Trial 1stTitration 2nd 3rd

Finalreading(cm3) 25.80 25.10 35.80 42.30

Initialreadings(cm3) 0.70 0.40 11.20 17.70

VolumeAused(cm3) 25.10 24.70 24.60 24.60

Calculatethemeanintitreincm3

24.70+24.60+24.60 =24.63cm3

3
(i)CalculatethemolarityofsolutionA(H2SO4).

Molarity=Massofonelitre 9.80=0.100m
Molarmass 98

(ii)CalculatethemolarityofsolutionB(X2CO3).
No.ofmolesofH2SO4in24.6cm3of
0.1Msolution = 0.10x24.6

1000
No.ofmolesofX2CO3in25.0cm3 =0.10x24.6

1000
No.ofmolesofX2CO3in1000cm

0.10x24.6x1000
1000 25.0

SolutionBis0.0984M
(iii) CalculatetheformulamassofX2CO3.

0.0984molesofX2CO3contains13.8g
1moleofX2CO3 contains 13.8 =141g

0.0984
FormulamassofX2CO3 =141g

(iv) CalculatetherelativeatomicmassofX.
LetformulamassX2CO3 =2X+(12.0+48.0)

2x+60.0=141
2X=141–60=81
X=81

2 =40.5(atomicmassofX)

CARBONANDITSDERIVATIES
1.(a)Whatismeantby‘allotropy’?

– Thisistheexistenceofanelementinmorethanonephysicalform.
(b)Nametheallotropesofcarbon.

– Diamond
– Graphite

(c)Statewhatyouunderstandbyamorphouscarbonandlistdownformsofthesame.
– Amorphouscarbonisthenon-crystallineformofcarbonwhichconsistofminute

fragmentsofgraphite.
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(i)Woodcharcoal–(fromwood)
(ii)Sugarcharcoal–(obtainedbydehydrating
(iii)Animalcharcoal–(fromanimalbones)
(iv)Lambblack–(fromhydrocarbonsuchaspetroleum,turpentineetc)
(v)Soot–(Foundonchimneys)
(vi)Coke–(Fromdestructivedistillationofcoal)

(d)Statetheuseofeachoftheformin(c)above.
(i)Woodcharcoal–(i)Sourceofenergy

(ii)Usedtoabsorbpoisonousgasesinurinalsandinthegas
masksinwarfronts.

(ii)Animalcharcoal–Usedtoremovebrowncolourfromcrudesugar(brownsugar).
(iii)Lampblack–usedtomanufactureshoepolish,carbonpaper,Indianinkand

printersinkandcartyres.
(iv)Coke–Usedinblastfurnaces,ovensandbottles.

- UsedasareducingagentintheextractionofIron,ZincandLeadmetals
fromtheiroxides.

2.Byconsideringthestructuresoftheallotropes,explainwhy;
(i)Graphiteconductselectricitybutdiamonddoesnot.

– Indiamondeachcarbonatomisusingitsfourbondingelectronstoformcovalent
bondstofourotheratoms.Ingraphite,eachcarbonatomisbondedtoonlythree
others,eventhoughfourelectronsareavailableforbonding.Theextraelectrons
arefreetomovefromonehexagontothenextwithinalayerandthusconductan
electriccurrent.

(ii)Graphiteissoftbutdiamondishard.
– Graphiteismadeupoflayersofhexagonofcarbonatoms.Thebondingineach

layerstrongbutthelayersareonlyheldtogetherbyWeakVandaWaal’sforces.
Thelayersofcarbonatomscanthusslideeasilyoveroneanother.However,in
diamondallthebondsareverystrong.

(iii) Graphitehasamuchlowerdensitythandiamond.
– Althoughbothallotropesconsistentirelyofcarbonatoms,graphitehasamore

openstructurethanthatofdiamondandhencehasalowerdensity.
(iv) Bothsubstanceshavehighmeltingpoints.

– Thisisbecausetheybothconsistofgiantstructuresofatoms.
3.(a)Explainwhatismeantbytheterm‘Isotopy’andlistthreeisotopesofcarbon.

– Isotopyistheexistenceofatomsofthesameelementwiththesameatomic
numberbutdifferentmassnumber.
Isotopesofcarbonare; Carbon 1212C andCarbon 13 13C and

6 6

Carbon 14 14C
6

(b)Statetheuseofcarbon 14(C–14).
– Carbon–14isusedforcarbondatingexercisesinwhichtheageofmaterials

manythousandsofyearsoldcanbeaccuratelydated.
(c)CarbonhastwomainIsotopes13Cand12C,withabundanciesof1.11%and98.89%

6 6
respectively.Calculateitsrelativeatomicmass.
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Relativeatomicmass=Massdueto
13C+Massdueto12C
6 6
=13x1.11+12x98.89 =12.01

100 100

(d)Whatnameoftheinstrumentusedtomeasuretheatomicmassesofelements.
Massspectrometer

– Itseparatestheisotopesofanelementandthedeterminationoftheirrespective
masses.

4.Listfourdifferentfuelsofcarbonandbrieflyexplainhoweachisformed.
(i)Wood–Occursnaturallyand50%ofitiscarbon.
(ii)Coalgas–obtainedfromthedestructivedistillationofcoal

– Itisamixtureofmethane,carbonmonoxideandhydrogen.
(iii)Producergas–Obtainedbypassingairoverred-hotcokeinafurnace.Thereaction

isexothermic.
(a) C(s)+O2(g) CO2(g)

(b) CO2(g)+C(s) 2CO(g)

NB–Themixtureof1/3carbonmonoxidebyvolumeandtheunchangednitrogenfrom
theairformstheproducergas.

(iv)Watergas–isproducedbypassingsteamoverwhitehotcoke(above10000C)ina
furnace.Amixtureofequalvolumesofcarbonmonoxideandhydrogenisformed.

5.(a)Describehowyouwouldprepareandcollectco2inthelab.

Dilutehydrochloricacid.

Card

CO2(g)

Distilledwater
Marblechips

– Dilutehydrochloricacidisaddedtomarblechips.Thegasgivenoffispassed
throughwatertoremoveacidsprays(HCl(g))andisthencollectedbydownward
deliveryasshownabove.

(b)Givetheequationforthereaction.
CaCO3(s)+2Hcl(aq) CaCl2(aq)+CO2(g)+H2O(l)
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(c)Statetwowaysinwhichtherateofreactioncouldbeincreased.
(i)Theratecouldbeincreasedbyusingmoreconcentratedacidorsmallerpiecesof

marble.
(d)(i) Whatdoyouobserveifcarbondioxideispassedintolimewaterforseveral

minutes?
– Thelimewaterturnsmilkyi.e.awhiteprecipitateisformedandthenaclear

solutionisformed.
(ii)Byuseofchemicalequationsexplaintheseobservations.

– Whiteprecipitateisformedwhichiscalciumcarbonate.
CO2(g)+Ca(OH)2(aq) CaCO3(s)+H2O(l)

– Whiteprecipitatedisappearsandaclearsolutionisformed.
CaCO3(s)+H2O(l)+CO2(g) Ca(HCO3)2(aq)

Clear
(e)Therewouldhavebeenlittlereactionifsulphuricacidhadbeenaddedtomarble

chips.Explain.
‘Calciumsulphateisproducedandasthisisinsolubleitformsalayeraroundthe
marblechipsandstopsthereaction.

6.(i)Statesixusesofcarbondioxide.
(i) Fireextinguishers–forCO2isdenserthanairanddoesn’tsupportcombustion.
(ii) Usedinaeratedorfizzydrinkse.g.mineralwater.
(iii) Usedinrefrigeration–solidcarbondioxideor‘dryice’isusedasa

refrigerant.Itisusedforkeepingice-creamcoldandtopdeepfreezefood.
(iv) Baking–Bakingpowdersconsistofamixtureof2,3–dihydroxybutanedioic

acidandsodiumhydrogencarbonate.Inpresenceofwatertheyreacttoform
carbondioxide,whichcausethedoughtorise.

(vi) Solvayprocess–inthemanufactureofsodiumcarbonate.
(ii)Givetwowaysinwhichcarbondioxideisaddedtotheair.

– Carbondioxideisaddedthroughcombustionofsubstancessuchascoaland
petroleumandthroughrespiration.

(iii)Givetwowaysinwhichcarbondioxideisremovedfromtheair.
– Photosynthesisandthedissolvingofcarbondioxideinwaterremovethegasfrom

theatmosphere.
7.Explainthefollowingobservations.

(a)Whyisdryiceabetterrefrigerantthanordinaryice?
– Thesolidsublimeswhenwarmleavingnoresidue.

(b)Whenalightedsplintisplungedintoagasjarcontainingcarbondioxidegas,itgoes
off.
– Carbondioxidedoesnotsupportcombustionhenceitextinguishesaburning

splint.
(c)Whenapieceofburningmagnesiumisloweredintocarbondioxideinagasjar,it

continuesburningwithasplutteringflameandblackspecksareformedonthesides
ofthegasjarandwhitedepositisseeninthejar.
– Magnesiumhasahighaffinityforoxygenitsplitscarbondioxideintooxygenand

combineswithittoformMgO,thewhitesolidobserved)andcarbon,ablacksolid
willbedeposited.
Mg(s)+CO2 MgO(s)+C(s)
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(d)Statetheusesofthefollowing;
(i)Diamond–Usedasagemstonesowingtoitssparklingnatureandduetoits

hardness,inmakingofcuttingtoolsandrockborers.
(ii)Graphite–Usedasalubricantduetoitsslipperynature,asmoderatortheatomic

reactors,asanelectricalconductor(becauseeachcarbonatomingraphitehasa
delocalisedelectronthatcanmoreandconducttheelectriccurrent)andinmaking
pencilleads.

(iii)Usedasareducingagentasshownbelow.
2PbO+C(s) Pb(s)+CO2(g)

2CuO+C(s) Cu(s)+CO2(g)

2ZuO+C(s) Zn(s)+CO2(g)

(iv)Carbonmonoxide–Usedinthemanufactureofethanolandasareducingagent
intheextractionofmetalssuchasIron,copper,leadetcfrom’theiroxides.
2Fe2O3(g)+3CO(g) 4Fe(s)+3CO2(g)

CuO+CO(g) Cu(s)+CO2(g)

PbO(s)+CO(g) Pb(s)+CO2(g)

8.WhenpurecarbondioxideispassedoverheatedsolidY,carbonmonoxideisformedas
theonlyproduct.Studythediagrambelowandanswerthequestionsthatfollow.

CO2(g) CO(g)

SolidY

Sodiumhydroxidesolution water

(a)NamesolidY.
Carbon

(b)Whyissodiumhydroxideusedintheexperiment?
– Toabsorbcarbondioxide.

(c)Nametworeagentsthatcouldbeusedtopreparecarbondioxide.
Calciumcarbonateanddilutehydrochloricacid.

(d)Nametwopairsofreagentsthatcouldbeusedinpreparingcarbonmonoxide,writing
theequationforthereactionthatoccur.
– Concentratedsulphuricacidandoxalicacid(N.Bthisreactioninvolves

dehydrationofoxalicacid).
H2C2O4(g)

ConC.H2SO4(l) CO(g)+H2O(l)+CO2(g)

– Concentratedsulphuricacidandsodiumethanoate.
H2SO4(l)+HCOONa(s) CO(g)+H2O(l)+NaHSO4(aq)

(a) Wouldyouexpectthecompoundformedbetweensiliconandchlorinetoconduct
theelectriccurrent?
– No,itisnotanioniccompound.

(b)Writetheformulaoftheoxidesilicon.–SiO2
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(c)Howcanyouobtaintheelementsiliconfromitsoxide?Giveanequationforthe
reaction.
– Byheatingsilicondioxideinanelectricfurnacewithcarbon.

CuO(s)+CO(g) Cu(s)+CO2(g)

(d)Theoxideofsiliconisfoundintheblastfurnaceduringtheproductionofiron.What
isthesourceofthisoxideandhowisitremoved.
– Source:asanearthlyimpurity.Itisremovedbyfusingwithsilicondioxide:

SiO2(s)+CaO(s) CaSiO3(l)

(e)Howisthereactionofthesiliconcompound(Na2SiO3)shownbelowdifferentfromits
equivalentcarboncompound?.
Na2SiO3(aq)+2HCl(aq) 2Nacl(aq)+H2SiO3(aq)

– Acidreactwithcarbonatestoformasalt,waterandcarbondioxide.The
compoundabovereactswithanacidtoformanotheracidandasalt.

(f)Whatisthetestforcarbonmonoxide?
– Carbonmonoxideburnsinairwithablueflameformingacolourlessgasthat

turnslimewatercloudy(carbondioxide).
9.Twogasjars,onecontainingcarbonmonoxideandanothercontainingcarbondioxide

werebothinvertedoverwaterandtheresultsshownbelowwereobtained.

CO(g) CO2(g)

water

(a)Whatcanyouconcludefromtheaboveobservations.
– Carbonmonoxideisinsolubleinwaterwhereverascarbondioxideissparingly

solubleinwater.
(b)Whatobservationswouldyouhavemadeifwaterwasreplacedbysodiumhydroxide?

NoobservablechangeoccursinAwhereasinB,thelevelofsodiumhydroxide
solutionroseeventoamuchhigherlevelthanshown.Thisisbecausecarbon
monoxidedoesnotdissolveinsodiumhydroxidebutcarbondioxide,anacidicoxide,
readilydissolvesinit.

10.SiliconisanelementbelowcarboningroupIVoftheperiodictableandhasavalencyof
4inallitscompounds.Useyourknowledgeofthechemistryofcarbontoanswerthe
followingquestions.

11.Carbonmonoxidegasispassedoveraheatedmetaloxideandanexcessofcarbon
dioxideisabsorbedinasuitableabsorbingsolutionY.

MetalOxide

Heat
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AbsorbingagentY

(a)NamethemetaloxidesthatcanbeusedasX.
LeadIIOxide,CopperIIOxideandIronIIIOxide.

(b)NametheappropriatesolutionthatcanbeusedasY.
– AmmoniacalcopperIchloride.

12.Trona,anaturallyoccurringsubstanceinalkalinelakessuchasLakeMagadiisusedin
productionofsodiumcarbonate.
(a)Howistronaformed?

– Tronaisformedasaresultofsprings,flowingfromvolcanicareaL.Magadijoining
toformstreamsandriversthatflowintotheLakewithnooutlet.Heatfromthe
suntogetherwiththegenerallyhightemperatureattheLakecausesthewaterin
thelaketoevaporateleavingbehindthetrona.

(b)Whatisthecompositionoftrona?
Tronaisdoublesaltofsodiumcarbonateandsodiumhydrogenatecarbonate,
Na2CO3.NaHCO3.2H2O,mixedwithsomesodiumchloride.

(c)WhatisthemainsourceofpowerthatisusedatL.Magadi?Mentiontheproblems
associatedwiththissourceofpower.
ThemainsourceofpowerthatisusedatL.Magadiisliquidfuel.Thecombustionof
thisfuelproducespollutantssuchassulphurdioxidegasthatare
released………………..
L.Magadiisabout130kmawayfromNairobisotransportationofliquidfuelis
expensive.

(d)Discussthechemicalreactionsandconditionsinvolvedintheproductionofsodium
carbonatefromtrona.
– ThetronaisdugfromtheLakeusingabucketdredger,crushed,mixedwithwater

andthenpumpedtothefactory.Atthefactory,slurrytronaisthenwashedina
washery.Theslurrytronathenfedintothecentrifugeswheremoisturecontent
reducedtoabout3%fromthecentrifugesthetronaisfedintocontainerwhereit
iscalcifiedatatemperatureof5000Candtronaisconvertedintocrudesoda.
Water,carbondioxide(andsomeorganicimpurities)areremoved.Themain
reactionthatoccursinthecontainercanberepresentedbytheequation.
2Na2CO3.NaHCO3.2H2O(s) 3Na2CO3(s)+CO2(g)+H2O(g)

– Thesodiumcarbonateisthencooled,dissolvedinwaterandfilteredtoremove
impurities.Thefiltrateispassedthroughactivatedcarbontoremovesoluble
organicimpurities.Thefiltrateisevaporatedunderpressuretocause
crystallisationofsodiumcarbonatemonohydrate.Themonohydratecrystalsare
washedandcalcifiedat1500Ctoproduceanhydroussodiumcarbonate.
2NaHCO3.2H2O(g) Na2CO3(s) +H2O(g)+CO2(g)

Thewaterusedforwashingistakenthroughaseriesofshallowpondswherethe
waterisevaporatedbythesun,sodiumchlorideobtainedfromthewaterinthe
pondsbyfractionalcrystallisation.

13.Howiscarbondioxideobtainedindustrially.
– Onalargescalecarbondioxideisobtainedby;



isabokemicah@gmail.com

ForMoreEResourcesCall0705525657 Page78of78

(i)Burningcokeinair.
(ii)Asaby-productinthepreparationofethanol.

14.(i)Statetheadvantagethatgraphitehasoverotherlubricants.
– Graphitehasahighmeltingpointhencecanbeusedasalubricantatahigh

temperature.
(ii)Graphitehasalowerdensitycomparedtodiamondandismorereactivethan

diamond.
– Graphitehasamorestructurecomparedtodiamond.

(iii)Explainhowcarbonmonoxideislethalwhenoneinhales?
– Carbonmonoxidewithhaemoglobintoformcherry–redcarboxyhaemoglobin.

Thisismuchmorestablethanoxyhaemoglobinandthusthebloodcannolonger
actasanoxygencarrier.Consequentlytheorganismdiesofsuffocationsince
oxygencarrierinthebloodstreamhasbeenincapaciated.

15.(i)Whathappenstoallinsolublecarbonateswhenheated?
– Allinsolublemetalliccarbonatesdecomposesonheating,e.g.calcium,Zinc,

Coppercarbonatesgivecarbondioxideandtheircorrespondingmetallicoxides.
CaCO3(s) CaO(s)+CO2(g)

ZnCO3(s) ZnO(s)+CO2(g)

CuCO3(s) CuO(s)+CO2(g)

(ii)Commentontheeffectofheatonsolublemetalliccarbonates.
– Noobservablechangenomatterhowstronghowlongthesecarbonatesare

(K2CO3)toNa2CO.
(iii)Whatisthetestforallcarbonates?

– Allcarbonateswillreactwithdiluteacidstoliberatecarbondioxidegasthatturns
Limewatermilky.
CO3

2-
(s)+2H

+
(aq) H2O(l)+CO2(g)

CO2(g)+Ca(OH)2(aq) CaCO3(s)+H2O(l)

Whiteppt.
(iv)Listtheusesoffivenamedcarbonates.

1.Sodiumcarbonate–usedtosoftenhaswater.
2.Calciumcarbonate–usedformakingcement.
3.BasicLead(II)carbonatePb(OH)2.2PbCO3)–usedinthemanufactureofsome

paints.
4.Sodiumhydrogencarbonateisusedforbuildings,decorationsandmonumentsas

wellasincementproduction.
5.Potassiumcarbonate–inmakingofhardglass.

16.a)Whencarbondioxideisbubbledthroughwatertheproductturnsbluelitmustored.
Explainthisobservation.

Answer
Carbondioxideisanacidicgasitdissolvesinwatertoformaweaklyacidicsolution

CO2(g)+H2O(l) H2CO3(aq)(Carbonicacid)
(b)Burningmagnesiumwereloweredintoagasjarof

carbondioxide.
(i) Whatwouldyousee?Explain.
(ii) Writeanequationforthereaction.



isabokemicah@gmail.com

ForMoreEResourcesCall0705525657 Page79of79

Answer
(i) Blackspecksofcarbonandagreywhiteresidue.Theintenseheatofburning

magnesiumdecomposescarbondioxidetocarbon(blackspecksandoxygen).The
oxygenreleasedkeepsthemagnesiumburningtoproducemagnesiumoxide(white
powder)

(ii) Mg(s)+CO2(g) C(s)+MgO(s)

17.(i)Belowisadiagramofaluminousflamefrombunsenburner.Labeldiagramfully.

Burnertube

Collar
gas jet. NB/Jetisjustapipe

Base
(ii)Stateatleasttwodifferencesbetweenaluminousandanon-luminousflame.
Answer
(i) I. Almostcolourlessmantle

II. Brightyellowzone
III. DarkCentralzone
IV. BlueZone.

(ii) Luminousflame Non-Luminousflame
-Coolsootyflame -Muchhotterandcleanerflame
-Largepartofflameis

yellow -Largepartofflameisan
almostcolourlesszone

-Bluezoneisverysmall-Bluezoneismuchbigger

18(a)(i)Carbonmonoxideburnsinair.Writeequationofreaction.
(ii)Thereaction;

C2H2O4.5H2O+H2SO4(conc) CO2(g)+CO(g)+CO(g)+6H2O(l)+H2SO4(aq)

I.Howisthecarbonmonoxideformedseparatedandcollectedfrom
thisreaction.

II. Statetwopropertiesofcarbonmonoxide.
Answer
(i) 2CO(g)+O2(g) 2CO2(g)

(ii)I. Passthegaseousproductsthroughsodiumhydroxidesolutionand collectCarbon
monoxideoverwater.

II.Carbonmonoxideisneutraltolitmuspaperandonlyslightlysoluble
inwater.

-Carbonmonoxideispoisonous.
(b)InanexperimentgasYwaspassedoverheatedcharcoalandproductpassedover

heatedIron(III)Oxide.Gaseswerethenpassedthroughlimewaterwhichformedawhite
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ChamberB

precipitate.Gasleftburnedwithablueflameatajet.
(i) IdentifygasY
(ii) Writetheequationofreactionbetween

I.GasYandcharcoal
II.Ironandproductfromreactionwithcharcoal

(iii) Thecharcoalandironwereinseparateporcelainboats.Whatwasseenineachcase.
Answer
(i)GasYisCarbondioxide
(ii)I.CO2(g)+C(s) 2CO(g)

II.Fe2O3+3CO(g) 2Fe(s)+CO2(g)

(iii)Thecharcoaldisappearedasitformedgasandthebrowniron(III)Oxideformedashiny
greyishsolid.

(c)Belowisadiagramofacokefire.Studyitandanswerthequestionsthatfollow.

Chimney

Z
Air

Y
Air X

(i)WriteanequationforreactionineachoftheregionsX,YandZ.
(ii)WhatisseenatZ?
(iii)Whyisitnotadvisabletolightacharcoal“jiko”inapoorlyventilatedroom.
Answer
(i)C(s)+O2(g) CO2(g) (X)

CO2+C CO(g) (Y)
2CO(g)+O2 2CO2(g) (Z)

(ii)Ablueflame
(iii)Suchafirewillproducecarbonmonoxidewhichispoisonousandmayleadtodeathina

poorlyventilatedroom.
(d)Carboncanbeusedtoreduceoxidesofleadandcopper
(i)Writetheequationsofreaction
(ii)Whatwouldbeseenineachcase.
Answer
(i) C(s)+2CuO(s) 2Cu(s)+CO2(g)

2PbO(s)+C(s) 2Pb(s)+CO2(g)

(ii) Theblackcopperoxidechangestoaredbrownshinysolid.
andtheyellowsolidchangestoagreyshinysolid.

4.BelowisaflowdiagramofthestagesformanufacturingsodiumcarbonateinSolvay
process.

Brine

water
NH3

ChamberC
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Filtration

Storageand
packingof
Na2CO3

ProductY water

ProductZ

NH4Cl

Steamto
provideenergy
forreaction NH4Cl Calciner

C productW
CO2+H2O

Limestone

ProductX

(a)(i)StatetheproductsW,X,YandZ.
(ii)StatewhathappensinchambersA,BandCfully.

Answer
(i)W=CaCl2 ,X=Carbondioxide

Y=ammonia,Z=mixtureofNaHCO3andNH4Cl
(ii)InA,CaCO3isdecomposedbyheatingtoproduceCaOandCO2.

InB,ammoniumchloridereactswithCaOtoproduceNH3andCaCl2
InC,BrineismixedwithotherreagentstoproduceNaHCO3andNH4Cl.Alotofheatis
producedandhencetheneedtocirculatecoldwaterroundthechamber.

(b)(i) Explainwhathappensinthecalcinerusinganequation.
(ii) Namethecompoundsrecycled.

Answer
(i)Sodiumhydrogencarbonateisdecomposedbyheating.

2NaHCO3 Na2CO3(s)+CO2(g)+H2O(l)

(ii)Ammonia,Carbondioxideandwater.

(c)(i)WhatpropertyofSodiumhydrogencarbonateenablesitsseparation from

ammoniumchloride?

(ii) WhatpropertyofreactioninchamberCmakesitnecessarytocirculatecoldwater
roundit?

(iii)IdentifythreeexothermicandthreeendothermicreactionsintheSolvay process.
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Answer
(i)Sodiumhydrogencarbonatehasalowsolubilitythereforeitprecipitates.
(ii)Reactionisexothermic
(iii)Exothermicreactions

NH3(g)+H2O(l) NH4OH(aq)

CaO(s)+H2O(l) Ca(OH)2(aq)
2NH4OH(aq)+CO2(g) (NH4)2CO3(aq)+H2O(l)

EndothermicReactions
CaCO3(s)

heat CaO(s)+CO2(g)

2NH4Cl(aq)+Ca(OH)2(aq) 2NH3(g)+CaCl2(aq)+2H2O(l)

2NaHCO3
heat Na2CO3(s)+CO2(g)+H2O(l)

(d)(i)WritetheequationofreactioninchamberC.
(ii)Consideringthereactants,circulatedby-productsandthefinalproducts.
I.WritetheoverallequationofreactionintheSolvayprocess.
II.Whyisthereactionnotdonedirectly.

Answer
(i) NH3(g)+NaCl(aq)+CO2(g)+H2O NH4Cl(aq)+NaHCO3(aq)

(ii)I.CaCO3(s)+2NaCl Na2CO3+CaCl2
II.InsolubleCalciumcarbonatecannotreactwithSodiumChloride.

(e)From1.50tonnesofsaltmixedwithotherreactants,1tonneofimpuresodaashwas
produced.

(i)Ifthesodaashis58%purecalculatethemassofpure,sodiumcarbonate.
(ii)Whatisthepercentageconversionofsodiumchloridetosodaash.
(iii)Giveonereasonwhyyieldmaybelow.
Answer
(i) Impuresodaashis1.0tonne

Puresodaash= 58x1.00
100
=0.58tonne

(ii) 2NaCl =1Na2CO3

i.e.seed(ii)orotherrelevantequation.
Na2CO3 =23x2+12+48=106
NaCl=23+35.5=58.5
2NaCl=(58.5x2)=117
MassofNa2CO3expectedfrom1.5tonnes

=106x1.5tonnes
117

=1.36tonnes
Butactualyield=0.58tonnes
Thereforepercentageyield =0.58x100%=42.6%

1.36
(iii) NotalltheSodiumhydrogencarbonateremainsasprecipitate.Somedissolves.

5.ThefollowingisanoutlineoftheCarboncycle.Studyitandanswerthequestionsthat
follow.

FoodPlants
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ProcessA
Breathing
anddecay

processE Breathing,Decay
ProcessC

ProcessB

ProcessD Pressureandheat

Animals

(a)StateprocessesA,B,C,DandE
Answer
(a)Aisphotosynthesis

BisdissolutionofCO2inwater
CisHeating
Disareactiontoformahydrogencarbonatewithcarbonicacid.
CaCO3(s)+H2O(l)+CO2(g) Ca(HCO3)2(aq)
Eisburningofwoodorcoal.

(b)(i)NameproductX
(ii)ExplainhowproductXproducescarbondioxide

Answer
(i) Limestone,chalkormarble
(ii) Itisdecomposedbyheat

CaCO3(s) HeatCaO(s)+CO2(g)

(c)StatetwowaysinwhichbreathingisrelatedtoprocessC.
Answer
-BothuseOxygenandreleaseCO2

-Bothprocessesproduceenergy.
(d)Statesixelementsincoal
Answer
Carbon,hydrogen,Oxygen,nitrogen,Phosphorusandsulphur.

(e) Usethecorrecttermstodescribe:
(i) Twoprocessesthatremovecarbondioxidefromtheair
(ii) Threeprocessesthataddcarbondioxideintotheatmosphere.
Answer
(i) PhotosynthesisanddissolutionofCO2intothesea
(ii) Burningofwoodandcoal

Heatingofcarbonaterockstodecompose
Breathinganddecay

PRACTICEQUESTIONS
1.a)ThearrangementbelowwasusedtostudythereducingactionofgasX.

AnimalsWoodcoal

Carbondioxi
de in

atmospher
e

Carbonic
acid

Hardwater Shells

ProductX
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CopperIIOxide
LeadIIOxide

GasX ExcessgasX
heat heat burningwith

blueflame
Combustion
AnhydrousCalciumchloride

Porcelainboat
Limewater

(i) Limewaterinconicalflaskformedawhiteprecipitate.WhatistheidentityofgasX.
(ii) Whatisobservedoneachoxideincombustiontube
(iii) WriteequationsofreactionsbetweengasXandheatedoxidesinboats?
(iv) Whatisthepurposeofanhydrouscalciumchloride.
(v) Nameanothergasthatburnswithablueflameandwriteanequationforits

combustion.

(b)Tablebelowisarecordofincompleteobservationsonheatingcarbonateandhydrogen
carbonatesinatesttube.

Carbonate Observation
Magnesiumcarbonate

Zinccarbonate

Leadcarbonate Cracklingsound,gasforms
whiteprecipitatewith
limewater.Yellowresidue
butbrownwhenhot.

Coppercarbonate

(i) Completethetable
(ii) Writeequationofreactionfortheeffectofheatoneachofthethreecarbonates.
(c)Thearrangementbelowisanincompletetableoftestsonresidueobtained onheating

carbonatesandhydrogencarbonates.

Carbonate/
Hydrogen
carbonate

Residuein
crucible

Residue
addedto
waterand
stirredand
testedwith
litmus

Addingdilute
Hydrochloric
acidtoresidue

Calcium White
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carbonate residue

Sodium
carbonate

Effervescence

Lithium
carbonate

White
residue

Solution
turnsred
litmusblue

No
effervescence

Sodium
hydrogen
carbonate

Calcium
hydrogen
carbonate
(i) Completethetable
(ii) Writeequationofreaction(ifany)foreachofcarbonateorhydrogencarbonate.
(iii) Whatisthecommonnamefor

I. Sodiumcarbonate
II. Sodiumhydrogencarbonate
III. Calciumcarbonate
IV. Calciumoxide
V. Calciumhydroxidesolution
VI. Calciumhydroxide

(iv)Tocarryouttheheatingofcalciumcarbonate,astrongopenflamewasusedinthe
followingarrangement.

Ironrod

Limestone
Heat

(Hotflame)
Crucible

Residue

Whydoweneedastrongopenflametoheatcalciumcarbonate?
(d) Statetwousesof

(i) Sodiumcarbonate
(ii) Sodiumhydrogencarbonate.

(Q2)BelowisapassagedescribinghowSodiumchlorideisobtainedfromLakeMagadiin
theRiftValley.Studyitandanswerquestionsthatfollow.

Lake Magadiconsists ofmassive deposits oftrona (Na2CO3.NaHCO3.2H2O)a
crystallinesolid.Thissolidmaterialhasformedasaresultofthehighrateofevaporation
onthiswatermasswithhighsaltcontent.BelowthetronaisamotherliquorofSodium
chlorideandSodiumcarbonatewithadensityof1.26x103kgm-3.
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Thelesssolublesaltcrystallisesoutfirst.Thisknowledgeismadeuseofin
separationofdissolvedsolids;aprocessknownasfractionalcrystallisation.Sodium
chlorideandsodiumcarbonatehavethesamesolubilityat36.10Cbutsodiumchlorideis
moresolublebelowthistemperaturewhilesodiumcarbonateismoresolubleabovethis
temperature.

Duringtheprocessofobtainingsodiumchloridemotherliquorismadetoflowinto
channelsandthenpumpedintosaltfieldswhereinitialevaporationbysolarenergy
occurs.Thesearethepre-concentrationpondswheretheliquorflowsfromonepondto
anotherbygravity.Precipitationoftronaandsodiumcarbonatemonohydrateoccurs.

Eventuallytheconcentrationofcommonsaltequalsthatofsodiumcarbonateandthe
twoform16%ofthemotherliquor.Theliquorispumpedintosaltmakingpondswhere
furtherevaporationoccurs.

Duringhotmonthsoftheyearthedailytemperaturesofthisliquorcanbeashighas
400Cbutgenerallybelow36.10C.Duringnighttemperaturesaverage200C.Becauseof
thedifferenceinsolubilityofsaltandcarbonateandthehighvariationoftemperatures
betweendayandnight,thetwodepositatdifferenttimes.Impuresaltisobtainedwhich
ispurifiedbywashingwithsaturatedsodiumchloridesolution.Thepurifiedsaltisthen
iodisedtoproducecoarsesalt.Someofthecoarsesaltwillbetreatedbyaddingred
oxide(Iron(II)Oxideforcattle.

Coarsesaltcontains99.5%NaCl,0.03%NaF,
0.4%sodiumcarbonateand0.0037%iodine.

(a)Whatisthemassofwaterin1000kgofmotherliquorwithdensityof1.26x103kgm-3?
(b)Whatdoestheprecipitationoftronaandsodiumcarbonatemonohydrateinthepre-

concentrationpondstellyouabouttherelativeconcentrationofsodiumcarbonate
comparedtosodiumchlorideinthelake?

(c)Whatisthemassofsodiumchloridein1000kgofmotherliquorwhenconcentrationof
saltequalsconcentrationofsodiumcarbonate?

(d)Whichofthetwoisprecipitatedduringday,sodiumchlorideorsodiumcarbonate?
(e)Writeformulaof;

(i) Sodiumcarbonatemonohydrate
(ii)Sodiumhydrogencarbonate
(iii)Sodiumfluoride
(iv)Iodine

(f)Tomake1000kgofcoarsesalthowmuch
(i) Sodiumchloridesodiumfluorideandsodiumcarbonatewouldbeweighed?
(ii)Iodinewouldbeweighed?

(g)Statetwootherusesofsodiumchloride?
(h)Sketchsolubilitycurvesforsodiumchlorideandsodiumcarbonateagainsttemperature

usingthetablegivenonthegridsbelow;
Temperature (0C) 0 10 20 30 40
Solubilityingramsof
solutein100g
(i)Sodiumcarbonate
(ii)Sodiumchloride

7.0
35.
7

12.5
35.8

21.5
36.
0

40.1
36.2

48
36.
5

Q3.(a)(i)Whatisallotropy
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(ii)Explainhowcarbonisabletomakemarksonpaperandatthesametimescratch
marksonglass.

(b)Cokeisaformofcarbonobtainedwhencoalisheatedstronglyinabsenceofair
(carbonized).Studythereactionschemebelowandanswerthequestionsthatfollow.

O2,heat gasY

Coke Silica30000C Siliconcarbide+carbonmonoxide
sulphur

10000C
LiquidZ,Cl2,Catalyst LiquidM+S2Cl2(l)

MetallicOxides
10000C–15000C) quicklime

20000C
Metal CaC2+CO(g)+H2O

C2H2+SolidX
(i) NamegasY,liquidZ,liquidMandsolidX.
(ii) Writeabalancedequationofreactionbetweensilica(abinarycompoundofsilicon)

andcoke.
(iii)WhatmethodwouldyouusetoseparatethetwoliquidsManddisulphurdichloride
(iv)Writeabalancedequationofreactionbetweencalciumcarbideandwater.
(v) Whatisquicklime?
(vi)Whatpropertyofcarbonisillustratedbyitsreactionwithmetallicoxides.
(vii)Choosearelevantexampleofmetallicoxideandwriteitsreactionwithcarbon(coke)

(c)(i)Writethreecharacteristicsofwoodcharcoalandthreeforgraphite.
(ii)Howwouldyouillustratethatthetwoareallotropesofoneanother.?

4(a)Atomicnumberandrelativeatomicmassofcarbonare6and12
respectively

(i)Drawatomicstructureofcarbon
(ii)Nameanycovalentlybondedcompoundofcarbonanddrawitselectronicdiagram.

(b) Howaretheatoms
(i)Arrangedingraphite?
(ii)Arrangedindiamond?
(c)Useyourknowledgeofthestructureofgraphiteanddiamondtoexplainatleastthree

oftheirphysicalproperties.
(d)Diamondandgraphitebothhavegiantstructurewhileiodinecrystalshasiodine

molecules;
(i)Explainthestatement
(ii)Showhowthephysicalpropertiescanberelatedtostructure

(e)InwhichgroupandperiodiscarbonfoundinperiodicTable.
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Q5.(a)Belowisadiagramofarrangementofapparatususedtostudyproductsofaburning
candle.Useittoanswerthequestionsthatfollow.

beaker
Tofilterpump

Iceclods
Limewater

Filtertunnel

(i)Comparetheflameswhenthefilterpumpisonandwhenitisoff.
(ii)Whatwasobservedinthelimewater?
(iii)WhatwasobservedintheU-tube.
(iv)WhatisthetestforproductX?
(v)Explainyourobservationin(ii)and(iii)above?
(vi)Whatdoyourobservationstellyouaboutcandlewax?

(b)224cm3ofmethane,CH4and112cm3ofethane,C2H6mixturewereburntinoxygen.
Allvolumesweremeasuredats.t.p.

(i)Writeequationofreactions
(ii)Calculatethevolumeofoxygenrequiredtoburnthemixtureofgasesats.t.p.conditions.
(H=1,C=12,O=16,1moleofgasats.t.p.is22.4cm3)
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NITROGENANDITSDERIVATIVES
1.Writedowntheelecriaicconfigurationofnitrogenandstateitsperiodandgroupinthe

periodictable.
N=7electrons 2:5
Period=2
Group=5

2.HowNitrogengasisobtainedinalargescale.
– Itisobtainedbythroughfractionaldistillationofair.

3.(i)Takingtheassumptionthatairisamixtureofnitrogen,oxygenandcarbondioxide,
describeanexperimenttoshowhownitrogencanbeisolatedfromthemixture.

C Copperturnings
water Air

Nitrogen

Heat

Water

WaterinaspiratorA B Concentrated
Potassiumhydroxidesolution

– Theaspiratoractsasasuctionpumptosuckwaterintodisplaceair.
– Theheatedcoppermetalcombineschemicallywithoxygentoformcopperoxide.

Consequentlyoxygeninthemixtureisirradicated.
– Concentratedpotassiumhydroxideabsorbsthecarbondioxideinthemixture.
– Theremaining78%byvolumeoftheair,Nitrogengascollectsinthejar.

(ii) Writedownthechemicalequationstorepresentthereactionstakingplacein
bothBandC.
B–KOH(aq)+CO2(g) KHCO3(aq)

C–2Cu(s)+O2(g) 2CuO(s)

(iii) Listthreepropertiesofnitrogen.
– Nitrogenisacolourless,odourlessgas
– Itisalittlelessdensethanair.
– Itisalmostinsolubleinwater.
– Nitrogenisgenerallyunreactive.

(iv) Statethreeusesofnitrogen.
– Inthemanufactureofammonia
– Toprovideaninertatmosphere
– Asarefrigerant
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– Inlightbulbs.
(v)Statehowpurenitrogenmaybeobtained.

(a)Purenitrogencanbeobtainedbyheatingammoniumnitrite,NH4NO2.
NH4NO2(s) Heat 2H2O(g)+N2(g)

(b)PurenitrogencanbeobtainedbyoxidationofammoniabyheatedcopperII
Oxide.
2NH3(g)+3CuO(s) Cu(s)+3H2O(l)+N2(g)

4.(i) Listthreeoxidesnitrogenandstatetheiruseofeach.
(a)Nitrogendioxide–NO2–formationofnitricacid
(b)Dinitrogenoxide–N2O–asananaestheticbydentistsandinhospitalsforminor

surgicaloperations.
(c)Nitrogenmonoxide–NO–YieldsNO2onoxidation.

5.Thediagrambelowshowsthearrangementoftheapparatususedtoprepareammonia
gasinthelaboratory.
(i)Whyistheflaskcontainingthemixturearrangedinastartingposition?.

– Topreventthewaterwhichcondensesonthecoolerpartsoftheapparatusfrom
runningbackintotheflask.

(ii)Howwouldyoutellwhenatesttubeoragasjarisfullofammonia?
– Ammoniaifpresentwouldturnwetredlitmuspaperblueforitistheonlyalkaline

gas.
(iii)Whyaretheusualdryingagents,calciumchlorideandconcentratedSulphuricacid

notusedtodryammonia?
– Ammoniareactswiththeusualdrying,concentratedsulphuricacidandcalcium

chloride.

CaCl2(s)+4NH3(g) CaCl2.4NH3(s)

H2SO4(l)+2NH3(g) (NH4)2SO4(aq)

– Calciumoxidedoesn’treactwithammoniaandthereforeasuitabledryingagent.
(iv)Writeequationsforthereactionsbetween.

(a)Ammoniumchlorideandcalciumhydroxide.
Ca(OH)2(s)+2NH4Cl(s) CaCl2(s)+2H2O(l)+2NH3(g)

(b)Ahydrochloricacidandammonia.
HCl(aq)+NH3(g) NH4Cl(aq)

(c)Ammoniaandwater.
NH3(g)+H2O(l) NH4OH(aq)

(v)Whatweretheobservationsmadewhen;
(a)Atesttubefullofammoniagaswasinvertedinwater?

– Ammoniawoulddissolveinwatersuddenlyandthespacetakenoverbythe
ammoniasolution.

(b)Aglassroddippedinconcentratedhydrochloricacidwasbroughtnearthemouth
ofatesttubefullofammonia?
– Whitefumesofammoniumchlorideareformed.

NH3(g)+HCl(g) NH4Cl(s)
6.Studythefollowingdiagramandanswerthequestionsthatfollow.

(a) Whatnameisgiventotheexperiment
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– Fountainexperiment
(b) Whatisitusedfor.
– Todemonstratedthesolubilityofverysolublegases.
(c) Nametwousesofammonia.
– Inlaundrywork
– InmanufactureofNitricacid
– Liquidammoniaisusedinlargerscalerefrigerationplantssuchasin
shipsand Warehouses.

7.(i)Whyistheapparatusinthefigurebelowpreferredwhenmakingasolutionofahighly
solublegas?

NH3(g) ANS:Toprevent‘suckingback’ofwaterinto
thetube

(ii) Inanexperiment,acolourlessgasWwaspassedoverheatedCopper(II)Oxide
andtheproductscollectedasshownbelowCopper(II)Oxide.

Copper(II)Oxide

GasZ
DrygasW

Heat

Water

Icecubes

(a)NamegasWandZ.
W–isammonia
Z–Nitrogen

(b)Whatpropertiesofthetwodemonstratedintheaboveset–up?
W–isareducingagent.
Z–Insolubleinwater.

(c)Statetheobservablechangesinthecombustiontube.
CopperIIOxidewhichisblackafterreductionchangestobrownwhichis
thecolourofcoppermetal.
CuO(s)

NH3(g) Cu(s)+H2O(g)
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8.(i)Inthepreparationofnitricacidfromsodiumnitrateconcentratedsulphuricacidis
usedratherthanconcentratedhydrochloricacid.Explainwhythisisthecase.
– ConcentratedSulphuricislessvolatilehencelawdisplacenitricacid,amore

volatileacid,fromitssalt,whereashydrochloricacidcannot.

(ii)Monicahastudenthadthefollowingapparatusset-upforthepreparationofgasX.

GasX

Water

Heat Sand+concentratednitricacid

(a)Whatistheroleofsandinthisexperiment?
– Topreventthe‘bumbing’oftheconcentratednitricacid.

(b)Giveanequationforthereactiontakingplaceinthetest-tube.
4HNO3(aq)  2H2O(l)+4NO2(g)+O2(g)

9.Thefollowingequationrepresentsthereactionwhichtakesplaceduringtheindustrial
manufactureofammonia.

N2(g)+3H2(g) 2NH3(g)H=-92KJ

(i)Explainwhyapressureof250atmospheresandatemperatureof4500Cisnormally
usedfortheaboveprocess.
– Ahighpressurefavourstheforwardreaction(productionofammonia)sincethe

reactiontakesplacewithdecreaseinthenumberofmoles.Sincethereactionis
exothermic,lowtemperaturewouldfavourtheproductionofammoniabutatlow
temperaturetherateofreactionistooslowsoahightemperatureisused.

(ii)Nameasuitablecatalystwhichisemployedintheaboveprocessandstateitsrole.
– ThecatalystisfinelydividedIron.Itsroleistospeeduptherateofreaction.

(iii)Thepercentageconversationofnitrogenandhydrogentoammoniainthisprocessis
about8%.Explainhowammoniacouldbeseparatedfromtheunreactedgases.
– Ammoniaobtainedisliquefiedbyrefrigeration.

(iv)Ammoniacanbecatalyticallyconvertedintonitricacid.Writeequationtoshowhow
thisconversationisdone.
(I) 4NH3(g)+5O2(g) 4NO(g)+6H2O(l)
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(II) 2NO(g)+O2(g) 2NO2(g)

(III) 4NO2(g)+2H2O(l)+O2(g) 4HNO3(aq)

10.AmmoniaismanufacturedonlargescalebytheHaberprocess.
(a)Nametherawmaterialsrequiredforthemanufactureofammoniaandstatetheir

sources.
– Therawmaterialsarehydrogenandnitrogen.Hydrogencanbeobtainedfromthe

electrolysisofwaterorfrommethane.Nitrogenisobtainedfromfractional
distillationofliquidair.

(b)DiscussthechemicalreactionsandconditionsinvolvedintheHaberprocess,
includingrelevantchemicalequations.
– Nitrogenandhydrogen,mixedintherationof1:3arereactedtogetherathigh

pressureof250atmospheresoverfinelydividedIronasacatalystata
temperatureof5000C.Thegasesreacttoformammonia.

3H2(g)+N2(g)
250atm,5000C 2NH3(g) H=-92KJ
finelydividedIron

(c)AccordingtotheLe-chetalier’sprinciple,whatconditionsshouldbeadoptedinthe
Haberprocessinordertoobtainthemaximumyieldofammonia?
– Fourvolumesofreactantsformtwovolumesofproducts.Increaseinpressurewill

favourtheforwardreactionsincethisreactionisaccompaniedbyadecreasein
volume.Hencehighpressureshouldincreasetheyieldofammoniaandalso
increasetherateofreaction;sincecollisionfrequencybetweenthereactantswill
increase.Theforwardreactionisexothermichenceondecreaseintemperature
willfavourtheforwardreaction(i.e.conversionofnitrogenandhydrogento
ammonia).

(d)Fromyouranswertopart(b)and(c)above,isLe-chatelier’sprinciplefullyobeyed?
Whyorwhynot,ifnot,whataretheconsequences?
– Thehighpressurethatwouldfavourahighyieldofammoniaisnotusedbecause

withincreasingpressure,thecostoftheindustrialplantbecomesmoreexpensive
forexample,pipeshavetobethickertowithstandthepressure.The
consequencesofusingalowerpressureisaloweryield(butatalowercost).

– AccordingtoLe-chatelier’sprinciple,theyieldofammoniawillbegreatestatlow
temperature.However,atlowtemperature,therateofattainmentofequilibriumis
slow,henceahightemperatureisusedandtheconsequenceofthisisloweryield
(butinashortertime).

– At5000Ctemperatureand250atmospherepluscatalystused,onlya15%yieldof
ammoniaisachieved.

(e)Howisammoniagasisolatedforstorage?
– Theammoniaisremovedasanaqueoussolutionbywashingwithwateror

condensedasliquidbyrefrigerationat–200C.
(f)Whathappenstothegasesthatremainunreactedattheendofthereaction?

– Theunreactedhydrogenandnitrogenanduncondensedammoniaarerecycled.
(g)Statetheusedofammonia.

I. Liquidammoniaisusedasarefrigerant
II.Ammoniaisusedinthemanufactureofnitrogenousfertilizers.
III.Ammoniaisusedinthemanufactureofnitricacidandurea.
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IV.Ammoniaisusedtosoftenwaterandasadomesticcleansersinceitremoves
grease.

V.ItisusedintheSolvayprocessforthemanufactureofsodiumcarbonate.
VI.Isusedintheproductionofsyntheticfibressuchasnylon–6,6.

11.(i)Listfourammoniumsaltsandstatetheusesofeach.
(a)Ammoniumchloride–usedasanelectrolyteinthemanufactureofdrybatteries

andasafluxinsoldering.
(b)Ammoniumsulphate–usedasafertiliser.
(c)Ammoniumnitrate–usedasafertiliserandasanexplosive.
(d)Ammoniumcarbonate–usedinsmellingsalts,whichareusedtostimulate

breathing.
(ii)Whatisthetestforammoniumsalts?

– Allammoniumsaltswhenheatedwithanalkaligiveoffammoniagaswhichcanbe
recognisedbyitspungentsmellandbyturningwetredlitmuspaperblue.

NH3(g)+H2O(l) NH+
4(aq)+OH

-
(aq)

12.Thegasesmethylamine(CH5N)andammoniaarecloselyrelatedcompoundsandhave
verysimilarproperties.Eachcanberepresentedbytheformula
R–NH2

(i)StatewhatRwillbeincaseof(1)ammoniaand(2)methylamine.
(i)(1) R=H

(2) MethlaminehastheformulaCH3NH2

R=CH3

(ii)Predicttheeffectofmethylamineon(1)watercolouredpurplewithlitmus
solution,and(2)hydrogenchloridegas.
(iii)(1)Thelitmussolutionwillturnbluesincemethylamineisanalkalinegas.

(2)Methylaminewillreactwithhydrogenchloridetogivewhitefumes,
similartoammoniumchloride.
CH3NH2(g)+HCl(g) CH3NH3

+Cl-(s)

C.f.NH3(g)+HCl(g) NH4
+Cl-(s)

(iii)AJetofammoniaissponteneouslyinflammableinchlorineproducingnitrogen
andhydrogenchloride.Writeanequationforthisreaction.

2NH3(g)+3Cl2(g) N2(g)+6HCl(g)
(iv)Whatatmosphericconditionsareneededforatmospherenitrogentobeconverted

intonitrogencompounds.
Alightningflash.

13.(i)WritetheequationfortheformationofNitrogen(II)Oxidefromdiluteacidand
Copperturnings.
3Cu(s)+8HNO3(aq) 3Cu(NO3)2(aq)+4H2O(l)+2NO(g)

(ii)WhatwasobservedwhennitrogenIIOxidewasexposedtoair?
– Thegasisreadilyoxidisedbyoxygen,intheairtoformbrownfumesofnitrogen

IVOxide–NO2(g).
2NO(g)+O2(g) 2NO2(g)(brown)

(iii)Whathappenstoaburningmagnesiumwhenitisinvertedintoatesttubecontaining
nitrogenIIOxide.
– NitrogenIIOxideoxidiseshotelementsandisitselfreducedtonitrogen.
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2Mg(s)+2NO(g) 2MgO(s)+N2(g)

(iv) WhatwasobservedwhenthegaswaspassedintoasolutionofIron(II)
Sulphate?Explaintheobservation.
– Iron(II)SulphateturnsdarkbrownwhennitrogenIIOxideisbubbledthroughit

duetotheformationofferroussulphate–nitrogenoxide(NitrosoIronIisulphate)
complex,FeSO4.NO.
FeSO4(aq)+NO(g) FeSO4.NO(aq)(darkbrown)

N/B.Ferroussulphate-nitrogenoxide–usedinbrownringtestfornitrates.
14.(i)Whatwasobservedwhenconcentratednitricwasaddedtocopperturnings?

– Brownfumesareobservedofnitrogendioxide.
Cu(s)+4HNO3(l) Cu(NO3)2(aq)+2NO2(g)+2H2O(l)

(ii)Whatwasobservedwhenthegaswas
(a)Cooled?
– Oncoolingthebrownchangestoliquidwhichispaleyellowcalleddinitrogentetra

oxide
(b)Heated? 2NO2(g) N2O4(l)

– Onheating,thisgasdissociatesintoNitrogen(II)OxideandOxygen.
2NO2(g) 2NO(g)+O2(g)

(darkbrown) (colourless)
(iii)Listsomeoftheusesofthegas.

– Manufactureofnitricacid;
– Asanintermediaryinthemanufactureofexplosive,nylonandplastics.

(iv)Whydoesnitricacidappearyellowbrown?
– ThisisduetothedissolvednitrogenIVOxidewhichisbrownincolour.

(v)Whydoesn’tdilutenitricliberatehydrogenwithcoppermetal?
– Itisastrongoxidisingagent.Soanyhydrogeninitiallyproducedbytheactionof

theacidandthemetalisatonceoxidisedbymoreoftheacidtowater.

15.(i)Whatdoyouunderstandbycatalyticoxidationofammonia?
– Thisistheoxidationofammoniabyoxygenwhichtakesplaceonthesurfaceofa

metalliccatalyste.g.Platinumwiththeevolutionofheat.
– Theoxidationisatwinprocess.

(i)4NH3(g)+5NO2(g) 4NO(g)+6H2O(g)

(ii)2NO(g)+O2(g) 2NO2(g)

(ii)Howdoestheeaseofdecompositionofthemetalnitratesrelatetotheactivityseries
ofmetals?
– Theeasewithwhichthemetalnitratesdecomposeincreasesdowntheactivity

seriesofthemetals.
2NaNO3(s) 2NaNO2(s)+O2(g)

2KNO3(s) 2KNO2(s)+O2(g)

2Cu(NO3)2(s) 2CuO(s)+4NO2(g)+O(g)

2Pb(NO3)2(s) 2PbO(s)+4NO2(g)+O2(g)

2AgNO3(s) 2Ag(g)+2NO2(g)+O2(g)
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(iii)ExplainwhyLeadnitratedecrepitatesonheating.
– WhenLeadnitrateisheated,itdecomposesrightfrominsidethecrystal

releasingalotofgas(NO2andO2)whichexpandsonheatingexertingpressure
onthewallsofthecrystalsuntilthecrystalsbursts.Hencethecrackingsoundof
theburstingcrystalsisheard.

SULPHURANDITSDERIVATIVES

1.(a)Nameonesubstanceusedforvulcanisationofrubber.
Sulphur

(b)Whyisitnecessarytovulcanisenaturalrubberbeforeuse?
– Tomakeitharderandstrongerandmoredurable.About50%additionofSulphur

producesaveryhardvulcaniteorebonite.

2.ThediagrambelowrepresentstheextractionofSulphurbyFraschProcess.

Hotcompressedair

Tube1

TubeII
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Sulphur

(a)Namethesubstancethatpassesthroughtube;
I. –MoltenSulphur
II. –Superheatedwater.

(b)Whatisthepurposeofthehotcompressedairinthisprocess?
– ItproducesalightfrothofmoltenSulphurwhichisforcedupthemiddlepipe.

(c)InwhatformsdoesSulphuroccurinnature?
– SulphuroccursinthecombinedstateasPbS,FeS,H2S,Sulphatesandasfree

element.
(d)DrawthemoleculeofSulphur.

S S
S

S
S S

S

(e)Explainwhyitisonlysolubleinorganicsolventsandnotinwater.
– Ithascovalentbondsinitsstructureandhenceitcanonlydissolveinacovalent

bond–solventnotinapolarsolventsinceithasnopolaritiesatall.
(f)Namethetwoallotropesofsulphur.

– Rhombicandmonoclinic.
(g)Whichallotropesofsulphurismorestableatroomtemperature?

– Rhombicsulphurisstablebelow960C.Itisabrightyellowcrystallinesolidwithan
octahedralshape.

3.Studytheflowchartbelowandanswerthequestionsthatfollow.

Iron
Heat HCl(aq)

Sulphur

(a)Name(i)CompoundT
FeS–Iron(II)Sulphide.

(ii)H2S–HydrogenSulphide.

Compound
T

GasU+
FeCl2(aq)
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(b)GiveachemicaltestthatyoucouldusetoidentifygasU.
HydrogenSulphideturnsmoistLead(II)acetatepaperblack,formingLeadIISulphide.
(CH3COO)2Pb(aq)+H2S(g) 2HOOCH3(aq)+PbS(s)

4.(i)Listdowndifferenttypesofamorphoussulphide.
– PlasticSulphur
– ColloidalSulphur

(ii)Statethreeotherusesofsulphurinindustries.
– ManufactureofSulphuricacid
– Inthemanufactureofmatchesandgunpowders.
– Intheproductionofimportantchemicalssuchascarbondisulphide(CS2)and

calciumhydrogenSulphite(Ca(HSO3)2.Thelatterisusedinthepaperindustry.

(iii) Whenasamplesulphurisheated,thechangesrepresentedintheflow
diagrambelowareobserved.

(a)ExplainwhyPandRareverymobilewhileQisviscous.
– BecausePandRhaveS8,S6andS4ringswhileQhaslongchainsofSulphur

atoms.
(b)Whatwouldbeobservediftheblackliquidat4000Cwaspouredinathin

continuosstreamintoabeakercontainingcoldwater?
– Long,elastic,lightyellowribbonsofplasticsulphurareformed.

(c)Whensolidsulphurisheated,itmeltsandbecomesmobile,thenviscousthen
mobileagainonfurtherheating.Explainthisobservationintermsofthestructures
ofsulphur.
– TheS8SulphurmoleculesbecomeindividualS8Sulphurmoleculesduring

meltingmakingtheliquidmobile.Themoleculesbreakopen,jointoformlong
chainswhichgetentangled,makingtheliquidviscous.Thechainsbreak,and
straightenout.Themoleculesbreakintoindividualsulphuratomsduring
boilingmakingtheliquidmobileagain.

(d)Whatchangeswouldyouobservewhenpowderedrollsulphurisheatedinatest

Sulphur
Yellow
Solidat
300C

P
Amber
liquidvery
Mobileat
1130C

Q
darkred,highly
viscousat1160C

R
darkredliquid
verymobileat
4000C
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Mix
er

Oleum

Dilution
Chamber

tubetojustbelowitsboilingpoint?
– Sulphurmeltsat1130Ctogiveamobile(runny)amberliquid.Asthe

temperaturerisestheliquiddarkensandatabout1800Citbecomesvery
viscous(thick).Ifthetemperatureisincreasedstillfurthertheliquidonce
morebecomesmobile.

(e)DescribehowyouwouldpreparetwoallotropicformsofSulphur.Makesketches
toshowthedifferenceincrystalstructure.

Rhombic(alphaoroctahedral)sulphur

– Dissolvesomepowderedsulphurincarbondisulphide(CS2).Filteranyexcess
sulphurusingadryfilterpaperandcollectthefiltrateinawaterglassand
placeitinafumecupboard.Carbondisulphidewillevaporateandcrystalsof
rhombicsulphurareformed.Carbondisulphidevapoursarehighlyinflammable
andpoisonous.

– Afterthecarbondisulphidehasevaporatedbrightyellowcrystalsofrhombic
sulphurform.Throughoutnoheatingisrequired.

Monoclinic(betaorprismatic)sulphur

– Somepowderedsulphurisaddedto20cm3methylbenzene(toluene)or
dimethylbenzene(xylene)inasmallbeaker.Themixtureiswarmedslowlyina
waterbathat313k(400C)heatedwithasmallflame.

– Morepowderedsulphurisaddedifnecessaryuntilnomoredissolves.The
solutionisslowlycooledandmonocliniccrystalswhicharepaleyellowand
needle-likeareformed.

Monoclinicsulphur

5.Theflowchartbelowshowshowsurphesicacidsisproducedonalargescale.
GasA GasA

SolidB GasC SO3

Burner Reaction E
chamber

Product
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LiquidD
(a)Identify

(i)GasB–Sulphur
(ii)GasC–Sulphurdioxide,SO2

(iii)LiquidD–Water
(iv)SubstanceE–H2SO4

(v)GasA–Air(oxygen)
(b)(i) Whatcatalystisusedinthereactionchamber?

Vanadium(IV)Oxide
(ii) Writeanequationforthereactiontakingplaceinthischamber.

2SO2(g)+O2(g) 2SO3(g)

(c)Whatwouldyouobserveifconcentratedsulphuricacidisaddedto.
(i)Canesugar

– Sugarwillgetdehydratedandablackcarbonremains,asmellingof
sulphurdioxideisalsonoticed.

– Thehydrogenandoxygenareremovedbytheconcentratesulphuricacid.

C12H22O11
-11H2O 12C+heat

– Heatisalsogeneratedandthusreducessomesulphuricacidtosulphur
dioxide.

(ii)Coppersulphatecrystals.
– Thebluecoppersulphatecrystalsgraduallyturnwhiteastheybecome

anhydrous,loosingtheirwaterofcrystallisation.
CuSO4.5H2O -5H2O CuSO4

Blue White
(d)Stateoneuseofsulphuricacid.

– InLead/acidbatteries
– Manufactureoffertilizers
– Manufactureofdetergentsandsoaps.
– Usedinpickingsteel.

6.Sulphuricacidismanufacturedonlargescalebythecontactprocess.
(a)Whatfactorsshouldbeconsideredwhensitingaplanttomanufacturesulphuricacid?

– Availabilityandcostofrawmaterials.
– Availabilityoftransport.
– Environmentalfactors.
– Availabilityofmarket.

(b)Nametherawmaterialsrequired.
– Oxygen
– Sulphur

(c)Statetheconditionsinthecontactprocess.
– Catalystvanadiumpentoxide
– Temperatureof4000–5000C

(d)(i)Howconcentratedsulphuricacidprepared?
– BydilutingtheOleumwithwater

H2S2O7(l)+H2O(l) 2H2SO4(l)

(ii)Howistheunchangedsulphurdioxideremovedfromthesystem.
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– Byabsorbingitusingcalciumhydroxidesolution.
(e)AccordingtoLe-chatelier’sprinciple,whatconditionsshouldbeadoptedinthe

contactprocessinordertoobtainthemaximumyieldofsulphurtrioxide?
– Theconversionofsulphurdioxidetosulphurtrioxideisanexothermicprocess

henceayieldofsulphurtrioxideisfavouredbyareasonablylowtemperature.
Alsothereactionproceedsbyadecreaseinvolume.Henceanincreasein
pressureshouldincreasetheyieldofsulphurdioxide.

7.Belowisasetupoftheapparatusthatisusedtopreparesulphurtrioxide.

DrygasN

CatalystX(450–5000C) dryingagentsolid
Y

Sulphurtrioxide Freezingmixture

(a)Name
I. –GasN–Sulphurdioxide
II. –GasM–Oxygen
III. –Catalyst–VanadiumIVOxide/Platinum
IV. –SolidY–Anhydrouscalciumchloride.

(b)WhyisitnecessarytousedryingagentsolidY?.
– Topreventatmosphericmoisturefromcomingintocontactwiththesulphur

trioxidesincemoisturewouldcombinewithittoformsulphuricacidasshownby
theequation.
H2O(l)+SO3(g) H2SO4

(c)NameasuitableliquiddryingagentthatcanbeusedindryinggasMandN.
Concentratedsulphuricacid.

(d)Describebrieflyasimplelaboratorytestyouusetodifferentiatebetweensulphite,
sulphateandthiosulphategiventhefollowing;
2MBariumchloridesolution,dilutehydrochloricacid,filterpaperdippedinpotassium
dichromateandthenecessaryapparatus.
– Tothesolutionunder-test,addbariumchloridesolutionfollowedbyafewdrops

ofdilutehydrochloricacid,testandgasproducedusingfilterpaperdippedin
acidifiedpotassiumdichromate.Ifasulphateispresent,therewillbeafaintwhite
precipitateonaddingBariumchloridesolutionandonaddingdilutehydrochloric
acid,fumesofapungentgaswhichturnsafilterdippedinacidifiedpotassium
dichromatesolutionfromyelloworangetogreenisproduced(SO2).Noprecipitate
ofsulphurisformed.
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– Ifsulphateispresent,onaddingbariumchloridesolutionfollowedbyhydrochloric
acid,athickwhiteprecipitatethatisinsolubleindilutehydrochloricacidisformed
(BaSO4)

– Ifathiosulphateispresent(S2O3
2-)onaddingbariumchloridesolution,awhite

precipitate(BaS2O3)isformedandonaddingdilutehydrochloric,awhiteorcream
precipitateofsulphurisformedandacolourlessgaswithapungentsmelland
whichturnsacidifiedpotassiumdichromatepaperfromyelloworangetogreenis
formed(SO2).

8.Whyconcentratedsulphuricacidusedasadryingagent.
– Ithasawaterlovingacidowingtoitsdehydratingpropertieshenceitisusedtodry

thosegaseswhichdon’treactwithit.

9.Whydoesaburningmagnesiumribboncontinueburninginsulphurdioxidegas.
– Whenburningmagnesiumisloweredinajarofsulphurdioxidetheheatfromthe

magnesiumdecomposesthesulphurdioxideintoayellowspecks.
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