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SIMPLECLASSIFICATIONOFSUBSTANCES

ATMOSPHEREANDITSCOMBUSTION

1.Againsteachmixturewritedownsuitablemethodsofseparation.
(a)Colouredextractsofgrassdissolvedinethanol.A-Paperchromatography.
(b)Kerosinefrom Crudeoil.A–Fractionaldistillation
(c)Paraffinfrom water.Aseparatingfunnel
(d)Ironfilingsfrom Sulphurpowder.A–magnet
(e)Ammonium chloridefrom Sodium chloride.A–sublimation
(f)Seawater,toobtainsalt.A–Evaporation.
(g)BlueCopperSulphatecrystalsfrom aqueouscoppersulphate.A-Crystallisation–someofthe

watermustbeevaporatedforcrystalstoform oncoolingthesaturatedsolutiontoroom
temperature.

2.Whyisfractionaldistillationsuitableforseparatingcrudeoilconstituents?
A–Becausethesecomponentshavecloseanddifferentboilingpoints.

3.Monicaaform onestudentdecidestoseparatepowderedcalcium carbonatefrom powdered
calcium chloridebyshakingthemixturewithwaterandthenfiltering.Wouldthisproceduresucceed?
Explainyouranswer.
A– Thisprocedurewouldsucceed.Calcium carbonateisinsolubleinwaterwhereascalcium

chlorideisverysoluble.Onfilteringthemixture,calcium carbonatewouldremainonthefilter
paperwhereascalcium chloridesolutionwouldpassthrough.

4.Whatdoesdistillationmeanandwhatisitsimportanceinchemistry.
A– Distillationoccurswhenaliquidisheatedtoform avapourwhichisthencondensedtoreform

theliquid.Itisanimportantprocessinchemistrysinceitprovidesameansofpurifyingliquids.

5.Hereisachromatographof3dyes.Whichoneofthem isnotapuredye?

A B C A B C

6.Name



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchoolNotes&RevisionKits 0714497530 4

(a)Cleansingagentsforremovingthesestainsfrom yourschooldress:
(i) Oilyandgreasy–A–Acetone
(ii) Bloodstains–A–Ammonia
(iii) Perspirationstains–A–Ammonia
(b)Adryingagentforammoniagas–A–calcium oxide
(c)Asolventforpaint–A–Benzene
(d)Agaswhichcannotbecollectedoverwater–A–Ammonia
(e)Asolidthatsublimes–A–Iodine.

7.Thefollowingrepresentsapaperchromatogram ofpuresubstancesP,Q,R,SandamixtureW.
WhichofthepuresubstancesareinthemixtureW?

Solventfront

W P Q R S

ANS–PandR

8.Whatdoyouunderstandbyasaturatedsolution?
A–Thisisthesolutionthatcan’tdissolveanymoreofthesoluteatagiventemperature.

9.Whatmethodcanbeusedtoobtainpurecrystalsfrom asolublesolidwithimpurities?
A–Recrystallisation

10.Outlinehowliquidisdried.
A–Aliquidisdriedbyallowingittoremainincontactwiththesoliddryingitwithwhichdoesnot
reacte.g.
(i)Tracesofcanberemovedfrom ethanolbystandingitoverquicklime.
(ii)Chloroform,diethylenecanbedriedbyuseanhydroussodium sulphate.

11.WhatdoimpuritiesdotobothBoilingpointsandmeltingpointsofsubstances?
A– Impuritieswilllowerthemeltingpointofsubstance,whileboilingwilleitherincreaseordrop

dependingonthetypeofimpurity.

12.Whatdoyouunderstandbysolventextractioninseparationofmixtures?
A– Thisistheseparationofamixturewhereasolventisusedbecausecertaincomponentsofthe

mixturearesolubleinthissolvent.

13.Statehowchromatographyisappliedinreallifesituation.
A– Chromatographyisusedtoidentifysubstancesaswelltoseparatethem.Forexample,adye



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchoolNotes&RevisionKits 0714497530 5

usedinfeedcolouringcanbeidentifiedbychromatographingitalongsideknowndyes.Itthey
travelatthesameratesinasolventthenthefooddyeissafe.Inthiswayachemistcanfund
outwhetheradyeusedinourfoodisapermittedoneoranillegalone.

14.Whenfinechalkissuspendedinwaterandviewedthroughamicroscopethechalkparticlesappear
tomoveinarandom fashion.Thismotionisaresultof;
A–Bombardmentofchalkparticlesbywaterparticles.

15.Anincreaseintemperaturecausesanincreaseinthepressureofagasbecause;
A–Itincreasestheaveragevelocityoftheparticles.

16.Crudeoilcanbeseparatedbyfractionaldistillationbecauseitsconstituents;
A–Havedifferentboilingpoints.

17.WhereinKenyaisCrystallizationmethodused.Statewhathappensbriefly.
A– ThismethodisusedinLakeMagaditoggettronaandcommonsalt.

Crystalsofthesaltsareformedwhenasaturatedsolutionisleftexposedtotheairforsome
time.Astheeveningapproaches,drasticchangeoftemperatureshaveacoolingeffectonthe
saturatedsolutionofthesalts.Thisresultsintocrystalformation.

18.Thetime–temperaturegraphobtainedwhenicewasheatedtoitsboilingpointisgivenbelow.

D

C

B X
O

A

Timeinminutes

(i)DescribethechangesalongregionsA,B,CandD.
A–RegionA–showsicebecomingwarm from below00C.

B–showsthatthetemperatureremains00Casalltheicemelts
C–showswaterbecominghotterfrom 00Cto1000Cwhenitbeginstoboil.
D–showswaterboilingandthetemperatureremainsconstant.

(ii)ExplainwhybothBandDlevelledoff?
A–InBandDregions,theheatsuppliedisbeingusedtobringaboutthechangeinstructurefrom

onephysicalstatetoanotherandsothetemperaturedoesnotrise.

19.Describebrieflyhowfiltrationisappliedindustrially.
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A
(i) Avaccum –cleanerfiltersdustfrom theair.Thedustparticlesaretrappedinafabricor

paperbag,whilethepurifiedairpassesthroughit.
(ii) Inwaterworks,waterisfilteredbeforeitispumpedtotheconsumers.Thisisdoneby

employingsimplefiltration.Waterisallowedtoseepthroughafilterbedoffinesandand
gravelinordertoremovesmallparticlesfrom it.

(iii) Inthecarengineoilisfilteredbeforeuse.

20.AlocalbreweratTarasaavillageaddedwatertoethanolandthisisallwhathehadforhis
customers.
Brieflydescribeanexperimentthatyoucancarryouttohelpthisbrewer.

Thermometer

Fractionating condenser
column

Distillate
Ethanol

Water+ethanol

Heat

Theabovemethodisfractionaldistillation,wherethedifferencesintheboilingpointsofthetwo
liquidsisused.Whenthemixturedistilled,theliquidwithlowerboilingpointboilsoutfirstandis
collected.

21.Explainwhyyoucan’tuseconcentratedSulphuricacidandanhydrouscalcium chloridetodry
ammoniagas.
A
(i)Conc.H2SO4+NH3(g) (NH4)2SO4(aq)

(ii)Ammoniagasformsacomplexcompoundwithanhydrouscalcium chloride
CaCl2(s)+4NH3(g) CaCl2.4NH3(s)
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22.

GAS Colourphysicaleffect Solubilityinwater 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.

ANS-PHYSICALCHANGE CHEMICALCHANGE
1.Nofewsubstanceformed

2.Usuallythechangeiseasilyreversible

3.Usuallynoenergyisgivenoutorabsorbed

4.Themassofthesubstancedoesnotalter.

1.Anewsubstanceisformed

2.Usuallythechangeisirreversible

3.Usuallyenergyisgivenoutorabsorbed

4.Themassofthesubstancedoesalter.

24.Whatisthedifferenceacompoundandamixture?
A– Acompoundcanbedefinedasasubstancemadeupoftwoormoreelementscombined

togetherbychemicalmeanswhereasinmixtureparticlesofdifferentsubstancesarebrought
intoclosecontactwitheachother,buttheyarenotcombinedwitheachotherchemically.
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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.Thesugarsoon
disappearsandyoucannotseeitbutthewatertastessweet.
Explanation
Sugargramsseparatedintosingletinyparticlestoosmalltobeseen.Theymovedallthroughwater,
makingitsweet.

Lightpurple
EXP.2

Deeppurple

MnO4crystal

PutacrystalofPotassium Permanganateinwaterasshownabove,Leavethebeakerundisturbed
foraboutanhour.
Observation
Youwillseethatthewaterhasturnedpurple.Itisdeeppurplenearthebottom andcomparatively
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slightlypurplenearthesurface.
Whathashappened?
Smallparticlesofpotassium permanganategotpermanganategotseparated.Theseparticleshave
spreadalloverbythebumpsofthemovingwaterparticles

EXP.3
BROWNIANMOVEMENT
– Smokeparticles,stronglyilluminatedareviewedthroughmicroscope.
Theparticlesarefoundtobeinrandom,zigzagmotion(calledBrownianmovement)duetothe
bombardmentofthesamebytheairparticles.

Light Smokecell

29.ExplainsublimationusingKinetictheoryofmatter.
A–Asolidcanchangedirectlytoagas,missingouttheliquidstate,i.e.particlesbreakoffthesolid
withenoughenergytoexistasgasparticles,Agasparticlecanalsoslowdownenoughtobecomea
solidwithoutgoingthroughtheliquidstate.

30.Thefollowingaresomeofthemethodsusedtocollectgases.Withreasonsstatewhichmethodis
suitableforeachofthefollowinggases,Ammonia,carbondioxidechloride,oxygen.

A B

C
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A
(i) Ammonia–methodC

Reason–ammoniaislessdensethanairandthereforecollectedbyupwarddelivery.
(ii)Carbondioxide–methodA

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

conveniently.

31.Howdoyouidentifypuresubstancesinchemistry.
A– Puresubstanceshavedefinitesharpmeltingandboilingpointsandthereforetheirpuritycanbe

determinedbymeasuringthesetemperatures.

32.DescribetwoIndustrialapplicationsoffractionaldistillation.
A
(i)Refiningofcrudeoil(Petroleum)

InKenya,thecrudeoilthatcomesintankersfrom themiddleEasttoMombasaisrefinedat
changamwe.

Uncondensedgas–Afrigas,
Essogas

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

Above4000C Fueloil–Industrialfuele.g.fuelforshipboiler
Crudeoil

Heater
tovaporizetheoil

Bitumen(Asphalt)–roadmaking,waterproofing

Thecrudeoiliscompletelyvaporisedbyafurnaceandthevapourpassesintoafractionating
columnatowermadeupofanumberofcompartmentswhichgetcoolergoingupthecolumn.As
thevapourrisesupthecolumn,differentsubstancescondenseindifferentcompartmentsandthe
liquidsformedaredrawnoff.Thelowertheboilingpointofasubstance,thefurtheritwilltravelup
thecolumnbeforecondensing.

(iii)FractionaldistillationofAir.
A–Whenagasiscompressedandthensuddenlyallowedtoexpand,theexpansionresultsin
cooling.Bythismethod,aircanbecooledsufficientlytoliquefyit.

Airisfreedfrom carbondioxide,watervapour,dustparticlesetcandthencompressedat200
herespressure.Itisthesuccessivelycooleduntilliquidairisobtained(at–2000C.or73K).Liquid
airisatransparent,paleblueliquid.
Whenthisliquidairisfractionallydistilled,nitrogenhavinglowerboilingpoint(-1950C or78K)
beginstoevaporatefirst.Oxygenhavinghigherboilingpoint(-1830C–or90K)comesofflater.
Thiswayabout99.5%pureoxygenisobtained.



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchoolNotes&RevisionKits 0714497530 11

Nitrogengaswithlowerb.p.

Fractionatingcolumn

Liquidair

Oxygen–gaswithhigherb.p.

33.Belowarethreediagramsrepresentingthethreestagesofmatter.Labelthem appropriately.

Liquid Solid Gas

34.Whyisthatgasesdon’thavedefinateshape?
Particlesingasesarefarapartandfreetomoverandomlyinalldirections.

35.UsingKinetictheoryofmatterexplaincondensationprocess.
Whenagasiscooled,theparticlesloseenergyandhenceslowdowngradually.Astheyslowdown
theyeasilyattracttheirneighbouringparticlesandclustertogethertoform aliquid.

36.Brieflyexplainhowice-cream vendorsusesolidcarbondioxide(dryice)tokeeptheice-cream
frozen.

Solidcarbondioxideabsorbsheatenergyfrom theice–cream andchangestogas.Thiskeeps
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theice–cream cold.

37.Whatprincipledorefrigeratorsworkon.
Absorptionofheatenergyfrom thesurroundingsbyaliquidordryiceintherefrigerators.
Whateverisinthecarbinetcoolsdowngraduallyasthislossofheatcontinues.

38.Whyisitnecessarytoadherestrictlytothelaboratorysafetyrules?
Thiswillenablethestudentscarryoutmostoftheexperimentssafely.

39.Nametheprocessusedtoseparatelytwosolidsbothsolubleinthesamesolvent;whenthesolids
arebothpresentinthemixture.

Fractionalcrystallizations.

40.Belowisanarrangementwhichwasusedtopreparegas.

Conc.HNO3

X

GasX

Copperturnings

(i) WhichonepropertyofgasXcanyoutellfrom themethodofpreparation?
Denserthanair

(ii) IdentifygasX
Nitrogendioxide

(iii) WhyisLead(II)nitratemoresuitablethanothernitratesforthepreparationofgasX?
LeadIInitratecrystallizeswithoutwaterofcrystallisationandisnothygroscopic.

41.Thediagram belowareofsomemethodsusedtocollectgasesinthelaboratory.
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I II

Completethetablebelowindicatingthemostsuitablemethodforthecollectionofthegasesgiven.

GAS METHODOFCOLLECTION

HYDROGEN I

HYDROGENCHLORIDE III

42.Astudenthadthefollowingfoursolidsmixedandwantedseparatethem.Thesubstancesaregiven
hypotheticalletterstorepresentthem;
W,X,YandZ.Thefollowingaresomeofthecharacteristicsofthesolids.ToobtaincleandryYfrom
themixtureheaddedwaterandstirred.

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

(a)(i)Explainwhyhedidthis.
ThisisbecausesubstanceW andXwoulddissolveinthemixtureandremainwithYandZ.

(ii)WhattwostepsmistbecarriedoutnexttoobtaincleandryY?
HewouldthenhavetofilterthemixtureandremainwithYandZ.Thenhewouldheatthetwo
andbecauseZmeltsandthevapouriseshewouldremainwithYorhecoulddissolvethetwo
inethanoltheZwoulddissolveandhewouldfiltertogetY.

(b)(i)ToobtainpureW andXsolids,watermustnotbeaddedtomixture,why?
Thisisbecausetheyarebothsolubleinwaterandiftheyaremixedonewouldn’tgetapure
solid.

(ii)HowbestwouldyouseparatethetwosolidsW andX?
IwouldtakethetwosubstancesW andXthenheatthem andbecausesubstanceW
sublimesonheatingthenwouldgetthetwoseparatesubstanceW canthenbecooledto
changetosolidagain.

(c)(i)ToobtainsolidZfrom themixtureofW andZitwouldnotbewisetoheatwhy?
ThisisbecausesubstanceZandW onheatingform vapoursandthisvapourcouldeventually
reactandonecannotgetapuresubstance.

(ii)WhatshouldyouaddtothemixtureofW andZsoastohelpyouwiththeseparation?
YoushouldaddeitherwaterbecauseW dissolvesinwaterwhileZdoesn’tsoyoucanadd
thenfilter.



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchoolNotes&RevisionKits 0714497530 14

(iii)WhattwostepswouldyoucarryouttoobtainonpuresampleofZ?
YouwouldfirstmixwatertothesampleandW andsinceW dissolveZwillbefiltered.After
filtrationyouheatsampleZandthenitvapourisesandyoucollectitdry.Heatingherehelpsin
collectingthesampledry.

43.Whatisthedifferencebetweenthemeltingpointofapuresubstanceandthatofanimpure
substance?
Themeltingpointofanimpuresubstanceislowerthanthatofapuresubstanceandthelatteris
sharpwhiletheformeroccurinarange.

2.ATMOSPHEREANDITSCOMBUSTION

1.Whatisair?
A–AirisamixtureofmanygasessuchasN2–78%,O2–21%,0.03%,andNoblegases1%.
Watervapour,pollutinggasesanddustandsmoke.

2.Whatevidenceistheretoshowthatthereiswatervapourintheair?
A–Taketwodrinkingglasses.Ensurethattheiroutsidesurfacesaredry.Pourequalquantityof
waterintobothofthem.Theninoneofthem putsomepiecesoficecubes.Waitforsometimeand
examinethem.

A B

Noice withice

Observations
Theglasswithicehascoldersurfaceandalotofmoisturecondensedonitssurfaceonitsoutside.
Conclusion

Thismoistureontheoutsideofthecoldglassmusthavecomefrom theair.Thereforeair
containswatervapourwhichcondensesonthecoolersurface.
Toproovethatthismoistureisactuallywater,anhydrouscopperIISulphateonitwhichandafter
thereaction,whiteCopperIISulphateturnsblue.

3.DescribeanexperimenttoshowthatCarbondioxideisavailableintheatmosphere.

Airin Airsuckedout
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Limewater

Procedure
Suckairthroughtheapparatusasshownaboveforaboutfiveminutes.Makeyourobservationas
thesuckingcontinues.

Observation
Asthesuckingoftheaircontinues,limewaterisfoundtoturnmilkasmoreairpassesthroughit.
Conclusion
ItisonlyCarbondioxidethatturnslimewatermilkyorformswhiteprecipitateofcalcium carbonate.

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

4.Studytheexperimentbelowandanswerthisquestionsthatfollow.

Gasjar Gasjar
candle

5cm

(a) (b)

diluteNaOH(aq)

Theaboveexperimentwascarriedtostudywhathappenswhencandleburnsinafixedamountof
air.AfterburningofthecandletheNaOH(aq)levelinthejarrose(b)andthecandlewentoff.
(i) Whydoyouthinkthesolutionlevelroseinsidethegasjar,fillingonlyapartofit?

A–Thesolutioninsidethegasjarrosetotakeupthespacewhichwasoccupiedbytheactive
partofair.

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

5.Describeanexperimenttodeterminethepercentagebyvolumeofoxygenintheair.

100cm3syringe
Copperturnings 100cm3syringe

Hardglasstube
A Glasswool Heat B

1.Theapparatusareupasshownabove.Theglasssyringeeachhasacapacityof100cm3.
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2.Atthebeginningoftheexperiment,take100cm3ofairinsyringeAandnoairinsyringeB.
Thehardglasstubeisfullofcopperturnings.

3.HeattheCopperturningsstronglyanddrivetheairslowlythroughthem form syringeAtothe
syringeB.Thenpushtheairbackwardsfrom BtoA.Continuepassingtheairbackwards
forwardsbetweenthetwosyringes.

4.Theoxygenintheaircombineswithhotcoppertoform blackcopperIIoxide.
Copper+Oxygen CopperIIOxide

2Cu(s)+O2(g) 2CuO(s)

5.Afteraboutfiveminutes,stopheatingandallowtheapparatustocool.Pushtheremainingair
backintosyringeAandmeasurethevaccumeofairlife.

6.Repeatheating,pushingairslowlytoandfrom onesyringetotheother.Coolagainandmeasure
thevolumeagain.

7.Whenthereisnofurtherchangeinthevolumeofairleft,i.e.nomorecopperIIoxideisbeing
formed,stopheating.

8.Lettheapparatuscoolandtakethefinalmeasureofair.Theamountofoxygeninairisequalto
decreaseinvolumeoftheair.
OriginalamountofairinsyringeA–100cm3

AmountofairleftinsyringeA=79cm3

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

Percentageofoxygeninair=21%

6.Whyisthereanyincreasewhenametallikemagnesium isburnedinair?
A–Whenmagnesium isburnedinair,itchemicallycombineswithoxygengastoform acompound
calledmagnesium oxidewhichisheavierthanthemetali.e.thewhiteashisheavierthanthe
originalpieceofmagnesium.
Thuswhenanelementisheatedorburntinair,itcombineswithoxygenfrom airandgainsinweight.

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

Water
-Oxygen

(iii)Listsomemethodsusedtopreventrusting.
Painting -Chromium plating
Electroplating -Alloying
Galvanization -Anodizing
Oilingandgreasinginplating

(iv)Onwhatbasisarethemethodsusedabovedesigned?
A–ThemethodsforpreventingrustingarebasedonthefactthatIronneedstobekeptoutof
contactwithairandwater.

8.Describeanexperimenttoinvestigatethe“activepartofair”.

Copperfoil Heat
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Potassium
Permanganate

Heat

Procedure
Arrangetheapparatusasshownabove.
HeatPotassium Permanganateforafewsecondsbeforeheatingthecopperfoil.
NowheatboththePermanganateandcopper.Recordyourobservations.

Observation
Whencopperisheatedinbothairandoxygenitturnsblack.Thisimpliesthatoxygenmustbe
presentinairandisresponsibleforturningcopperblackwhenheated.
OxygenisthereforetheactiveofairandisresponsibleforrustingofironaswellPotassium
Permanganatewasheatedfirstinthisexperimenttoproduceoxygenwhichdroveoutalltheairin
theapparatus.

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

Solids Solidparticles–producedbyinefficientcombustionoffuels.

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

– Thispromotesrespiratoryproblemsandincreasetheriskoflungcancer.

10.Whatappropriatemeasuresarebeingtakentoreduceatmosphericpollution?
A
(i)Improvementofcombustionoffuelinpetrolanddieselengine.
(ii)Introductionofbetterprocessingoffuelstomakethem freefrom sulphurcompounds.

(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
– Itisslightlysolubleinwater
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– BP–1830C
Chemicalproperties
– Neutraltolitmus
– Relightsaglowingsplintbutdoesn’tburn(testforoxygen)i.e.Itisn’tcombustible
– Itformsoxideswithmetalsandnon-metals.

13.Whatistheroleofmanganese(IV)oxideinthepreparationofoxygengas?
– Itsimplyspeedsuptherateofdecompositionofhydrogenperoxidetoyieldoxygen.Henceitisa

catalyst.
14.FILLTHETABLEBELOW STATINGWHATHAPPENSINEACHCOLUMNWHENELEMENTSARE

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-metalswhichdissolveinwatertoform acidicsolutionswhile

basicoxidesarethoseofmetalsofwhichsomedissolveinwatertoform alkalinesolutionwhich
turnredlitmuspaperblue.Itisimportanttonotethatnotallbasicoxidesdissolveinwater.

16.Anexperimentoncompetitionforoxygenwascarriedoutandresultsweretabulatedinthetable
below.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?
– Moreactiveelementstakeoxygenfrom thelessactiveones.

(ii) Whatistheorderofreactivityofelementsinthisexperiment?
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Mg
C Increasing
Zn reactivity
Pb
Fe

(iii) Whataretheproductsformedwhereareactionoccurred?
– Anoxideofthemorereactiveelementandtheelementofthelessreactiveofthetwo.

(iv) Ifyouweregivenanoxidecopperhowwouldyouobtaincoppermetalfrom it?
– Iwouldsimplyheatthecopperoxidewithanelementcarbontoobtainthebrowncopper

metalafterreduction.
2CuO(s)+C(s) 2Cu(s)+CO(2)(g)

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

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

KmnO4

(ii) Isyellowwhenhotandwhitewhencold.
ZnO

(iii) Iseasilyconvertedtoametalonheating.
HgO

(iv) Doesnotdissolveinwaterbutabase.
Fe2O3/CuOetc

(v) Dissolveinwatertoform analkali–Na2O2,CaO

19.Pollutionisahealthhazardwhichisdirectlyproportionaltothelevelofindustrialisationin
developingcountries.Giveevidencetojustifythisproclamation.
Thefollowingaresourcesofpollutants.
(a)Exhaustgasesanddustfrom industriessuchas;paper,sugarandcementindustries.
(b)Exhaustemissionsfrom motorvehicles.
(c)Someactivitiesinthe“Juakali”industrysuchasburningtyrestogetwiresandthreads.
(d)Nuclearreactorshavebecomeanimportantsourceofenergy.Butradiationfrom nuclear

stationscanposeagreatdangertotheenvironmentaswasseenduringtheChernobylnuclear
reactiondisasterof1986inUSSR.

(e)Aerosolssuchasinsecticidesandperfumesprayscontainingchlorofluorocarbons(cfc)usedas
propellants.TheCFC’saregraduallyaccumulatingintheatmosphereandithasbeenproventhat
theyreactwiththeozonelayerdepletingit.Thismeansthatmanlikelytobeexposedtoharmful
radiationsfrom thesun.

20.Whatiswaterofcrystallization.
– ThisisthedefurateamountofwaterheldwithinthecrystalstructureofCuSO4.5H2O,

Na2CO3.10H2O.
21.Whereisthecompetitionforoxygenreactionappliedindustrially?
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– Thistypeofreactionisappliedintheextractionofsomemetale.g.Lead,Iron,ZincandCopper
arebelowcarbonintheactivityseriesorarelessreactivethancarbon.Thesemetaltherefore
areobtainedbyreducingtheirheatedoxideswithcarbon(coke)orcarbonmonoxide.

22.Carbondioxidedoesn’tsupportcombustion,yetburningofmagnesium ribbonintroducedinjarof
carbondioxidecontinuestoburn.Explainthis,givingthechemicalequationinvolved.
– Whenaburningmagnesium isintroducedintoagasjarcontainingcarbondioxide,theintense

heatburningmagnesium produces,decomposesthecarbondioxidegasintocarbonandoxygen.
Thisoxygennowsupportsthecontinuousburningofmagnesium.

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

Black white
specks solid

WATER+HYDROGEN

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

2.Describeanexperimenttoshowthatwaterisanoxideofhydrogen.
– Waterisformedwhenhydrogencombineswithoxygen.Hydrogencanbegeneratedbythe

reactionbetweendilutehydrochloricacidonZincmetal.

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

– Thegasisdriedbypassingitthroughanhydrouscalcium chloride.

– Sohydrogenisburnedinairandthevapourformedcondensed.Theliquidformedchanges
theblueCobaltIIchloridepapertopinkindicatingthattheliquidiswater.

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

3.Aform onepupillitabunsenburnerwithitsairholefullyopen.Theregionsoftheflameswere
labelledasshownbelow.

A
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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.Hencemorespotsareseenon
thepaper.

5.Theapparatusbelowwasusedinanexperimenttoburnhydrogeninair.

5(i)(a)NamesubstanceXandM.
X–Anhydrouscalcium chloride
M –Water

(ii)WhatistheuseofsubstanceXinthisexperiment.
Itisfordryingpurposes.

(iii)(b)
ExplainwhyitisnecessarytopasshydrogenthroughtheQ1apparatusforsometimebefore
lightingitup?
Toexpelanyoxygentrappedwithintheapparatuswhichwouldotherwisecausehydrogengas
burnexplosivelydamagingtheapparatus.

6. Flame
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Magnesium ribbon

Heat Heat
Moistglasswool

-WhatgasisburningatA?
Hydrogen

7.(a)NameagasthatwillreducecopperIIOxide.
Hydrogen

(b)Describewhatyouwouldseewhenthereactionoccurs.
TheblackcopperIIOxideisreducedtoabrowncoppermetalanddropsofacolourlessliquidare
seentocondenseonthecolderareasofthecombustiontube.

(c)Writeanequationforthereaction.
H2(g)+CuO(s) Cu(s)+H2O(g)

(d)Willthisreagentreducemagnesium oxide?
Explainyouranswer
Hydrogenwon’treducemagnesium oxidebecausemagnesium metalishigherinthereactivity
seriesthanhydrogenthereforethisreactionwillnotbefeasible.

8.Inanexperiment,dryhydrogenchloridegaswaspassedthroughheatedZincturningsasshownin
thediagram below.ThegasproducedwasthenpassedthroughheatedLeadIIOxide.

TubeL Zincturnings

DryHCl(g) PbO

TubeV

Heat
Gas

Heat

Flask
Z

Water
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(i) Whatisthefunctionofthewaterintheflask?
– TodissolvetheunreactedHydrogenchloridegas.

(ii)Writeequationsforthereactionsthattookplaceinthetubes.

L–2HCl(g)+Zn(s) ZnCl2(s)+H2(g)

V–PbO(s)+H2(g) H2O(g)+Pb(s)

(iii)HowwouldthetotalmassoftubeVanditscontentscomparebeforeandaftertheexperiment?
Explain.
– AftertheexperimentthetotalmassoftubeVwouldbelessthanitsinitialmassowingtothe

reductionofPbObyhydrogengaswhichtakesawaytheoxygenthusloweringthetotalmass.
9.Anexperimentwassetupasshowninthediagram below.

Deliverytube

Water

Moistironfillings

Explainwhatisobservedafterafewdays.
– Ironwillrustandwaterlevelinthedeliverytubewillrisetooccupythespaceleftbehindby

theoxygen(activepastofair)thatwasusedbytherustingiron.

10.Thediagram belowrepresentsapaperchromatogram oftwosugarsAandB.

 A
 B
 MixtureofA+B

StateonepropertyofAthatmakesitmovefasterthanBtowardsthesolventfront.
– Aisverysolubleinthesolventusedanddoesn’tsticktothepaperlikeB.

11.Thediagram belowshowsapparatussetuptostudytheeffectofburningacandleinair.
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(i) Explainwhythecandlewillnotcontinuetoburnunlesshesuctionpumbisturnedon.
– Suctionpumpcausesacontinuousflowofairintotheapparatusfrom outsidethus

providingoxygenfrom theairwhichsupportsburningofthecandle.Withoutthesuction
pumpthecandlewillburnforawhileandgooffforlackofoxygen.

(ii) Theweightoftheu-tubeBincreasesconsiderablywhilethecandleisburning.Giveareason
forthis.
– ConcentratedSulphuricacidishygroscopicandthereforeabsorbedwaterformedfrom

theburnedcandlethusmakingtheweightoftheu-tubeincrease.
(iii) IstheburningofthecandletheonlyreasonfortheincreaseinweightofB?Explainyour

answer.
– No.Theincomingaircontainssomewatervapourwhichalsoabsorbedbytheacid

besidesthereissomecarbonwhichwillcontributetotheweightincrease.
(iv) From theabove,whichelementcanyouconcludeiscontainedinthecandle?

– Hydrogen.
(v) WhichsubstanceisabsorbedbytheLimewaterinC?

– CO2gas
(vi) WhatobservationwouldyoumaketheLimewaterinC?

– Whiteprecipitateofcalcium carbonateisformed
Ca(OH)2(aq)+CO2(g) CaCO3(s)

(vii) Whichotherelementisthereforecontainedinthecandle?

12.
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Theaboveexperimentwascarriedouttoinvestigatethereactionbetweensteam andmagnesium.
Answerthequestionthatfollow.
(i) Whyisthewetsandheated?

– Toproducesteam whichwillreactwiththemagnesium ribbon.
(ii) Whatwasobservedwhensteam waspassedoverhotmagnesium ribbon.

– Magnesium burnedbrightlyinsteam toform whitemagnesium oxidepowder
(iii) Namegasy–Hydrogen.
(iv) Howwouldyouconfirm itsidentity?

– Itwouldburnwitha‘pop’soundifaburningsplintisbroughtnearthemouthofthetube.
Thisconfirmsbeyondanydoubtsthatthegasishydrogen.

13.Belowarethemainsourcesofwaterpollution.Explainhoweachofthem affectstheenvironment?
(i) Sewage
(ii) Fertilisers
(iii) Chemicals/Pesticides
(iv) Oilanddetergents

(i) Sewage
– Dissolveoxygeninwaterisusedbybacteriaandthusmostofthelivingorganismsinwaterdie

andthiswaterbecomescloudyandsmelly.
(ii) Fertilizers
– Rainwashesfertilizersintoriversandlakesandthusbacteriagrowfasterandagainuseupall

oxygendissolveinwater.
(iii) Chemicals/Pesticides
– Acids,alkalis,dyesandsprayingchemicalsarepoisonoustoanimalsandplants.
(iv) Oilformslayersonwateranddetergentsform foam inwaterandthusnomoreoxygen

dissolvedinwaterfrom atmosphere.

14.Theflowchartbelowshowsthetreatmentofwaterinwatersupplysystems.
A

H2O

in
B C

E D

Filtration

Sedimentation Filtration

Aeration
Chlorination

Fluoridation

Softening
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Tapwater

(i)SuggestasuitablesubstancesthatcanbeusedinfiltrationchambersAandC.
-Stones
-Gravel
-Coarseandfinesand

(ii)Aluminium sulphate(Alum)isusedinthesedimentationchamberB.Explaintheaction of
aluminium sulphate.

- Itisacoagulantwhichmakesthesuspendedparticlesclamptogetherandsettleonthe
bottom ofthestoragetanks.

(iii)Whyisaerationimportanthere.
- Thishelpsinthekillingofsomebacteriabyoxidationandeffectsofsunlight.
(iv)Whyischlorinationnecessary?
- Chlorineisusedhereasagermicidetomakewaterquitesafetodrink.
(v)Explaintheimportanceoffluoridation.
- Thereismedicalevidencethatthepresenceofaboutonepartpermillion(P.P.M)ofsodium

fluorideindrinkingwaterreducesthedecayofchildren’steeth.Thatiswhysomewater
worksuseSodium fluoride.

(vi)Waterpollutionwhichcanbeahealthhazardmaybedividedintothreecategoriesdepending
ontheircause.Listthem downandbrieflythecausesandtheirremedies.

State.
(i) Physicalpollutionofwater–Thismainlyreferstosuspendedmatterandturbidity–from

soilerosionandcolloidalwaste.
-ThiscanbecorrectedbyadditionofcoagulantssuchasAlum.

(ii) Biologicalpollution–Thisisduetothepresenceofbacteria,protozoa,virusesand
parasites.Infectionslikecholera,typhoidanddysenteryhavebeentracedto
contaminatedwatersupplies.
-Additionofchlorinekillsthem andmakesthewatersafetodrink.

(iii) Chemicalpollution–Thisisfrom industriesandagriculture(acids,alkali+heavymetal
cations,soapproduction,foodprocessingfertilisersetc.
-Theheavymetalsareprecipitatebyaddingcalcium hydroxide.
-Fertilisers,theuseisstrictlycontrolled.
-Mostdetergentsnowmarketedarebiodegradableandcanbewashedintolakesand
riverswithoutanyharmfuleffect.

(iv) Thermalpollution–Thisarisesfrom theuseofwaterbymanufacturingandpowerplants.
-Thisresultstothedecreaseofdissolvedoxygenandoxygenisrequiredbyallplantand

animalslife.
-FactorieslikePanAfricanMill,Webuyehaveagoodsophisticatedtreatmentplantwhich

involvescoolingofwatersothatasitresultstotheriverisinacceptablestandard.

15.Defineandgiveoneexampleofeachofthefollowing;waterofcrystallization,efforescence,
hygroscopic,deliquescence.
WhathappenswhenbluecopperIISulphatecrystalsareleftinadesiccator?
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– Waterofcrystallization–isthedefinateamountofwatercontainedinacrystale.g.COCl2.6H2O,
Na2CO3.10H2Oetc.

– Efflorescence–istheprocessofloosingwaterofcrystallisationintotheatmospherewhen
exposedtotheair,Na2SO4.10H2O,Na2CO3.10H2O Na2CO3.H2O+9H2OCuSO4.5H2O
etc.

– Hydroscopicsubstance–Thisonewouldabsorbwaterfrom theatmospherebutdoesn’t
dissolveinittoform asolution.E.g.concentratedSulphuricacid,ethanol,CaO,CuO,etc.

– Deliquescence–istheprocessbywhichsomesaltsabsorbwaterfrom theatmosphereand
dissolveinthewatertoform asolutione.g.NaNO3,CaCl2,FeCl3,NaOHetc.

– WhenblueCopperIIsulphatecrystalareleftinadesiccator,theyloosewaterofcrystallization
andchangefrom bluetowhite.

CuSO4.5H2O CuSO4+5H2O(l)

16.

ThepowderDiscopperoxideinaporcelainboat;whichisheatedincombustion
(a)WhatisthechemicalA?

Zincgranules.
(b) WhatisthechemicalB?

DiluteHydrochloricacid.
(c)From whichofthetwoAandB,isthegashydrogenliberated.

B
(d)WriteanequationforthereactionbetweenAandB.

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

(e)WhatisthecolourofthepowderD?
(i)Atthebeginningoftheexperiment?

B
(ii)Attheendoftheexperiment?

Brown
(f)Whathappenstotheanhydrouscoppersulphateduringtheexperiment?Whatdoesitshow?

-Itturnsfrom whitetoblue.
-ThisshowsthatsomewatermoleculeshavebeenformedafterCuOwasreducedbythe
hydrogen.

2H2(g)+O2 2H2O(g)
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(g)WhatisthesubstanceinthetubeCandwhatisthefunction?
C-AnhydrousCalcium Chloride
-Itisadryingagent.

(h)Whatisthenameofthereactionbetweencopperoxideandhydrogen?Writetheequationfor
thisreaction.
-Redoxreaction
-CuO(s)+H2(g) H2O(g)+Cu(s)

Reduction
(i)Nameonesolidsubstancewhichhasasimilarfunctiontothatofhydrogeninthis

experiment.
-Carbon

(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) Intheactionofsteam onhydrocarbonssuchasmethaneinthepresenceofnicklecatalystat

8000Ctoyieldwatergas.Whenthisgasistreatedwithmoresteam,CO2andmorehydrogen
isformed.ThenCO2isremovedbydissolvingitinwaterinpressure.

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

temperaturesforweldingetc.

(ii)Oxygenandnitrogenareobtainedfrom airbyfractionaldistillation.Whycanthismethodbe
usedforthispurposeyetcannotbeusedtoobtainedhydrogenandoxygenfrom water?
Airisamixturewhichcanbeseparatedbyphysicalmeans–fractionaldistillation,waterisa
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compoundofoxygenandhydrogenandthesetwocan’tbeseparatedbydistillationbutbya
chemicalmeanslikeelectrolysis.

18.(a)Explainwhatismeantby“hardwater”.
- Hardwaterdoesnotform lathereasilywithsoapasitcontainsdissolved.Solids(saltsof

calcium andmagnesium).
(b)Givethenamesandformulaeofcompoundswhichcausetemporaryhardnessandthosewhich

causepermanenthardness.
- Temporaryhardness(T.H)canbecausedbycalcium hydrogencarbonate,Ca(HCO3)2and

magnesium hydrogen
Carbonate,Mg(HCO3)2

- Permanenthardness(P.H)canbecausedbythepresenceofcalcium sulphate(CaSO4)and
Magnesium Sulphate(MgSO4),Calcium Chloride(CaCl2)andMagnesium Chloride(MgCl2)

(c)Explain,givingionicequations,howboilingremovestemporaryhardnessonlywhichtheaddition
ofwashingsodaremovesbothtypesofhardness.
T.Histhatwhichcanberemovedbysimplyboiling.WhenT.Hwaterisboiled,adepositof
insolublecarbonateisformed.

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/Chloridesofcalcium
andmagnesium donotdecomposeonheating.ItcanberemovedbyadditionofSodium
Carbonate(Washingsoda)wheninsolubleCarbonateisprecipitated.

CaSO4(aq)+Na2CO3(aq) 2NaHCO3(aq)+CaCO3(s)

(d)(i)Youaregivenaclearliquidinabeaker.Explainhowyouwouldconfirm thattheliquidispure
water.

- AfewdropsoftheliquidareaddedtowhiteCopperIISulphate.Whichturnsblue,showingthe
presenceofwater.

- Thedeterminationofitsb.p(1000Catsealevel)showsthatitispurewater.Whenevaporatedto
dryness,noresidueisleft.Thisalsoshowsthattheliquidispurewater.

(ii)Iftheliquidin(i)aboveissoftwater,howwouldyouconvertitintowaterpossessing
temporaryhardness.

- AddCalcium Carbonatepowdertothesampleofwaterandbubblecarbondioxidegasthrough
it.
H2O(l)+CO2(g)+CaCO3(s) Ca(HCO3)2(aq)

- TheformationofCa(HCO3)2(aq)meansthepresenceoftemporaryhardness.

(iii)Inwhatwayishardwateranuisancewhenusedincertainindustriesasasourceofsteam
power?Stateoneadvantageofhardwater.

- Scale(depositofCaCO3)isformedinsteam boilers(‘fur’inkettles).Heatdoesnotpassthrough
thescaleeasily;thereiswastageofenergy.

Advantage
- Ca2+ionsareneededbythebodyforbonesandteethformation
- ShellsofanimalsandeggsofmanycontainCalcium Carbonate,andsomecomesfrom hard

water.
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(iv)Explainwhytheabilityoftemporaryhardwatertoconductelectricityfallshenthewateris
boiledbutitisnotmuchaffectedwhentheT.Hisremovedbyadditionofwashingsoda.

- Asthewaterisboiled,T.Hisbeingremovedi.e.Ca2+andHCO3
-ionsarebeingremoved.Asthe

quantityofionsinsolutiondecreases,theconductivityofelectricityfalls.Attheend,therewill
becalcium carbonate,waterandcarbondioxidewhichdon’tconductelectricity.

- Whenwashingsoda(Sodium Carbonate)isadded,Calcium Carbonateisprecipitatedbutthe
solutioncontainsSodium hydrogenCarbonatei.e.thereareNa+andHCO3

-ionsinsolution
whichconductelectricity.

(v)Nameamethodbywhichhardwatercanbesoftenedeasilyandconvenientlyathome.State
brieflyhowitworks.

- Ionexchange–HardwaterisrunthrougharesininwhichtheCa2+andMg2+ionsareexchanged
forNa+ionswhichdonotreactwithsoap.

Ca2++Sodium permut Sodium salt+Calcium permutit

Ca2+SO4
2-+Na2P Na2SO4(aq+cap

ions 2Na+ions
- WhenalltheNa+ionsinthepernutithavebeenreplacedbyCa2+andMg2+ions,theresinis

regeneratedbypassingasolutionoffairlyconcentratedcommonsalt(brine)downit.So
anotherionexchangetakesplaceasshownbelow.

Calcium Permutit+Sodium Chloride Sodium Permutit+Calcium chloride.

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

19.(i)Namethematerialsusedtopreparesoapsandsoaplessdetergents.
- Animalfatsorvegetableoils
- Causticsoda(NaOH)

(ii)Whyaresoapsnowoutnumberedbysynthetic(soapless)detergents?
- Soaplessorsyntheticdetergentsaremadefrom petroleum by-productse.g.etheneand

benzeneandconsistofmoleculeswhicharesimilarinform andactiontothoseofsoapafter
beingreactedwithConc.H2SO4andNaOH.Bothhavemoleculeswithalongcovalent‘tail’and
anionic‘head’e.g.
C17H35 COO-Na+

Chain head.
- Hardwaterconsumessoapbefore,latherisformed.ThisisbecauseCalcium/Magnesium

stearatesaltsareinsolubleandform scum,unlikesoap,calcium andmagnesium saltsof
syntheticdetergentaresolubleinwaterandthusdonotform scum.Moreover,soapsaremade
from greatlyneededrawfoods.Manyvarietiessyntheticdetergentsarepossible,someofthem
forspecificpurposes.

20.Explainbrieflythefollowingobservationsaboutasampleofhardwater(a)whenboileditformed
somewhiteprecipitate(b)evenafterboilingthewaterformedscum withsoap(c)Sodium
Carbonatemadethewatercompletelysoft.
- Thiswaterhadbothtemporaryandpermanenthardness.BoilingremovedonlyT.Handthat’s

whythesewasstillscum formed.Sodium CarbonateremovedtheP.H.whichisneveraffected
byboiling.
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ACIDS,BASESANDSALTS

1.Whatareacids?
Thesearesolutionsformedbydissolvingsomenon-metallicoxidesinwaterwhosePHisbelow7
andthesameturnsbluelitmuspaperred.

2.Whatarebases?
Thesearesolublemetaloxideswhichfrom alkalinesolutionwithwater,thesameturnsredlitmus
paperblue.

3.Whataresalts?
Thesearethesubstancesformedwhenhydrogenionsofacidsarepartiallyorwhollyreplacedby
metalionsoranammonium radical.Theyalsohavemetallicandnon-metallicparts.

4.Whatareindicators?
Thesearesubstanceswhichhaveonecolourinacidicsolutionsandanothercolourinalkaline
solutions.

5.(i)Lemons,vinegar,rhubarbandaciddropsallcontainacids.Howwouldyoudescribetheirtaste?
- Theyaresour.

(ii)Whatarebicarbonateofsodaandmilkofmagnesium usuallyusedfor?
- Thesetwoareusedtoneutraliseacidinthestomach.

(iii)Whyisitbettertouseindicatorsratherthanthesenseoftastewhentestingforacidsand
alkalis.

- Acidscorrodeandbasesarecausticandmayburnyourtonguehenceitisadvisabletouse
indicatorswhichareconvenientbecausenorisktakingisinvolvedandwillsimplyshowone
colourinacidicsolutionandanothercolourinanalkalinesolution.

6.(i)Defineanacid.
- Thisisdefinedasacompoundcontaininghydrogen,allorpartofwhichmaybereplacedbya

metal(orametallicradical)togiveasalt.

(ii)Defineabase.
- Thisisasubstancewhichreactswithanacidtoform asaltandwateronly.

7.Statehowyoucandeterminethestrengthofacidsandalkalis.
ThiscanbemeasuredbyusingauniversalindicatoralongwithaPHscale.Thedifferentcoloursof
theuniversalindicatorcorrespondtodifferentPHvalues,usuallyrangingfrom 0to14.

8.(a)Listfourofeachgroupandspecifywhetherstrongorweak.
(i) Acids
- Hcl–Hydrochloricacid–strong
- H2SO4–Sulphuricacid–strong
- H4C2O2–Acid–weak
- HNO3–Nitricacid–strong
- H8C6O7–Citricacid–weak
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(ii) Alkalinesolutions
- NH4OH–ammoniasolution–weak
- NaOH–Sodium hydroxide–strong
- Ca(OH)2–Calcium hydroxide–strong
- KOH–Potassium hydroxide–strong

(b)Statetheusesoffouralkalinesolutions.
- Ammoniasolution–Inlaundrywork
- Calcium hydroxide–treatingsoilwhichistooacidictobefertile.
- Magnesium hydroxide–indegestiontablets.(laxatives)
- Sodium hydroxide–ovencleanerstomakingsoap.

9.(i)Whatisneutralisation?
- Isaprocesswherebyacertainamountofacidisrequiredtocanceloutordestroyafixed

resultingsolutionisneutral.Asaltandwaterareformed.

(ii)Whatistheimportanceofacid-baseneutralisation?
- Acidsoftencauseproblemsanlifeandtobeonthesaveside,cauncellingtheireffectsusing

alkalinesolutionistheanswer.

(i) OurstomachcontainsHClofPHvolume2.Whenthereisexcessacidformedand
thestomach,wehavepainfulstomachache.Thisisindigestionandneutralizationis
usedasaremedy.Anantacidtabletcontainingmilkofmagnesiaistakentorelievethe
sufferersfrom pain.

(ii) Acidsmaybuildupinsoilcausingthesoiltogoacidicorsourfarmersmaynotbe
abletogrowgoodcropsifthesoilistooacid.Hencetheuseoflimeservesasthe
remedyforitrisesthesoilPH.

(iii) Acidscanbuildup,especiallyintheteeth,andcausetoothdecay.Theseacidsare
producedbybacteriafeedingonfoodparticlestrappedbetweentheteeth.Colgate,close-
upetcareallbasic

(iv) Protectivelayersonsomemetalsaredestroyedbyacids,causingtheunderneathsurface
tocorrode.

10.(i)Listfivemethodsusedtopreparesaltsinthelaboratoryregardlessofwhetherthesaltsare
solubleorinsoluble.

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

(ii)Whatisthebasicityofanacid?
- Thisisthenumberofhydrogenatomsinonemoleculeofitwhicharereplaceablebyametal.

(iii)Definethefollowingterms.
(a)Normalsalt

Anormalsaltisoneinwhichallofthereplaceablehydrogenofanacidhasbeenreplacedby
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ametalorammonium radical.

(b)Acidsalt.
Anacidsaltisoneinwhichonlypartofthereplaceablehydrogenoranacidhasbeen
replacedbyametalorammonium radical.

(c)Basicsalts.
Abasicsaltisonewhichcontainsmetaloxideorhydroxide.

(d)Amphotericsubstances
Thesearesubstanceswhichmayactasbothacidsandbases.

11.(i)Whatdoyouunderstandbyhydrolysisofasalt?Giveexamples.
- Hydrolysisisthereactionofacompoundwithwatersuchthatthehydroxylgroupofthelatter

remainsintact.
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+isalewisacidforitrequires
twoelectronstoattainastableconfiguration.

(b)Whichofthethreespeciesisabaseaccordingtotheorybronsted–lowry.

:NH3–isabaseforitisaprotonacceptor.

13.(i)ThefollowingtableshowsthePHvaluesofsolutionsA,B,CandD

Solution PHvalue
A 9.8

B 2.0

C 5.2
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D 12.0

WhichoneofthesolutionsNaOH(aq),CH3COOH(aq),HCl(aq)andNH3(aq)correspondstosolutions
A,B,CandD.

A–NH3(aq) , C–CH3COOH(aq)

B–HCl(aq) , D–NaOH(aq)

(ii)Explainwhysulphuricacidisreferredtoasadibasicacid.
Containstworeplaceablehydrogenatoms.

14.Astudentextractedanindicatorfrom flowersofaplant.Theindicatorchangedredwhenin
acqueoussolutionofPH2.7andyellowat49.Woulditbeusedfortitratingdilutehydrochloricacid
againstdilutesodium hydroxide?Explain.
- No,PHrangeisnarrowandchangesonlyinacidicconditions.

15.Aweakbasecontainingafewdropsofmethylorangeindicatorwastitratedwithastrongacidand
thecurvebelowwasobtained.

A

PH

B

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

ExplainwhythePHvaluedecreases.
- Hydroxideionsareremovedandthesolutionbecomesacidic.

16.HydrogenSulphuricgasisslightlysolubleinwater.Thereactionisgivenbytheequationbelow.

H2S(aq) H+
(aq)+HS-

(aq)

(a)Whatdoestheequationaboveshowthebehaviourofhydrogensulphidegaswhendissolvedin
water.

- Itisacidic.

(b)WriteanequationforthereactionbetweenlittlesolutionofhydrogenSulphideandanexcess
Sodium hydroxidesolution.

H2S(aq)+2NaOH(aq) Na2S(aq)+2H2O(l)
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17.ThegraphbelowshowsthechangesinPHassodium hydroxidewasaddedtoasolutionof
hydrochloricacid.

PH

VolumeofNaOHadded(cm3)

(a)ExplainwhathappensatB.
-CompleteneutralisationofhydrochloricbySodium hydroxideoccurs.

(b)Whatwouldbethecolourof:
(i)MethylorangeatA?

Pink

(ii)PhenolphthaleinatC?
Red

18.ExplainwhydiluteSulphuricacidisastrongeracidthantheconcentratedone.
- Sincestrengthdependsonthedegreeofionisation,thenitfollowsthatthecompletelyandin

thiscaseitisdiluteSulphuricacid.ThereforediluteSulphuricacidisstrongerthanthe
concentratedone(H2SO4(l)).

19.Whatdoyouunderstandbytheterm solubilityofasoluteinasolvent.
- Thesolubilityofasoluteinasolventisthenumberofgrammesofsoluterequiredtosaturate

100grammesofsolventatthattemperature.

20.Definethefollowingterms.
(i) Saturatedsolution.
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- Isonewhichcontainsasmuchsolutecanbedissolvedatthetemperatureconcerned,inthe
presenceofundissolvedsolute.

(ii) Supersaturatedsolution.
- Isonewhichcontainsmoresolutethanasaturatedsolutionatthesametemperature.

(iii) Fractionalcrystallisation.
- Istheprocesswherebysubstancesareseparatedbytherepeatedpartialcrystallisationofa

solution.
(iv) Waterofcrystallisation.
- Isthatdefinitequantityofwaterwithwhichsomesubstancesareassociatedoncrystallising

from anaqueoussolution.
(v) Suspension.
- Isamixtureofafinelydividedsolidandaliquidinwhichitwillnotdissolve.

21.StudythegraphgivenbelowonthesolubilityofSodium ChlorideandPotassium Chlorateand
answerthequestionsthatfollow:

Sodium Chloride

Temperature(0C)

(a)Whichofthetwosaltsislesssolubleinhotwater.
Sodium Chloride

(b)Atwhattemperaturearethetwosaltsequallysolubleinwater?
750C

(c)Statewhathappenswhenamixtureof30gofSodium Chlorideand30gofPotassium Chlorate
(V)in100gofwatercooledfrom 1000Cto200C.
- CrystalsofPotassium (V)
- NoSodium Chloridecrystalsformed.

22.ThetablebelowshowthesolubilitiesoftwosaltsPandQatdifferenttemperatures.

Temp0C 10 20 30 40 50

Solubility P 4.6 7.0 9.8 13.0 16.9
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Ing/100fofwater Q 10.2 14.6 20.1 27.4 25.0

Asolublecontained15geachofPandQat500C.Oncoolingthissolutionto100C,whattotal
massofcrystalswouldbeobtained.

SaltP–15.0–4.6 = 10.4g

SaltQ–15.0–10.2 =+4.8g

Total= 15.2g

23.Thesearethreetypesofsolubilitycurveswhichcanbeproduced.Studythem andgiveexamplesfor
eachtype.
(i) Curvesforthosesaltshavingtheirsolubilitiesincreasingwithtemperaturee.g.KCLO3KNO3

etc.
(ii) Curvesforthosesaltswhosesolubilitiesarelessinhotthanincoldwatere.g.CaSO4,

Ca(OH)2etc.
(iii) Curvesforthosesaltswhosesolubilitieschangeveryslightlywithanincreaseintemperature

etcNacl.

24.Studytheinformationbelowandanswerthequestionsthatfollows:

Solubilityincoldwater Boilingpoint

Ammonium Chloride Soluble Sublimesatlow
temperatures

Potassium nitrate Soluble Veryhigh

Leadbromide Insoluble Low

ExplainhowyouwouldobtainasampleofPotassium nitratefrom amixtureofthethree.
- FilteroutLeadbromidesalt.
- Crystallisethetwosolublesalts
- ThencarryoutsublimationtoseparateNH4Cl(s)andKNO3(s)

25.DeterminethesolubilityofasubstancePin100cm3ofwateratroom temperaturefrom the
followingdata.
(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
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5gofPdissolvedin25gofH2O
Howmanygramswilldissolvein100gofwater
5g–25gofH2O
x–100g
500=20g/100gofH2O
25

ThereforethesolubilityofsolidPis20g/100gofH2Oatroom temperature.

26.Brieflycommentontheroleofthesolvent.Giveexamplestosupportyouranswer.
- Solventshelptomakesubstancesionise.Onionisationintheaqueoussolutionsthesame

becomeelectrolytes.
E.g.–HClmoleculesinwaterdissociateintohydrogenionsandchlorideions.Thehydrogen
ionscombinewithwatermoleculestoform hydroxonium ions,H3O+

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

(aq)

- Conversely,thesameHClmoleculesinmethylbenzeneremainintheirmolecularform.
Methylbenzeneisnotaprotonacceptor.Consequently,thesolutionhasnoeffectonlitmus,
doesnotreactwithmetalsanddoesnotconductelectricity.

PERIODICTABLEANDITSDERIVATIVES

1.AnelementXhasatomicnumber20whileelementYhasatomicnumber8.
(a)Writedowntheelectronarrangementfor

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

(b)WhattypeofbondwouldbeformedwhenXandYreact?
Ionic/electrovalent

2.(a)Thegridbelowrepresentspartoftheperiodictable.Thelettersdonotrepresentthe actual
chemicalsymbolsoftheelements.

P R M G

T K

L

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

(ii) WhattypeofstructurewouldthechlorideofPhave?Explainyouranswer.
Giantionicstructure.

(iii) WhichoftheelementPandGhasalargeratomicradius?Explainyouranswer.
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- PhasagreateratomicradiusthanG
- From PtoGnucleusattractionforelectronsincreasesandthisdecreasessizeof

atom.
(iv) HowdoesthereactivityofelementM comparewiththatofelementL?Explainyour

answer.
- M ismorereactivethanL
- M hasasmalleratomicradiusandattractionofelectronsbyitsnucleuosisgreater

thanthatofL.

(b)(i)ItwasfoundthattheaqueoussolutionofanoxideofThasahigherPHvaluethanan
aqueoussolutionofanoxideofRofthesameconcentration.Explainthisobservation.

- Tisametalandreactswithoxygentoform abasicoxidewhereasRisanon-metaland
reactswithoxygentoform anacidicoxide.

(ii)WouldyouexpectthemoltencompoundformedwhenPreactswithM conductelectricity?
Explainyouranswer.

- PisametalandM isanon-metal
- Theyreactbyionicbonding
- Thecompoundformedisionicandwheninmoltenstateconductelectricity.

3.ThetablebelowgivesinformationonfiveelementsrepresentedbylettersQ,R,D,EandG.Studyit
andanswerthequestionsbelow.

Element Electronicconfiguration

Q

R

D

E

G

2:8:1

2:8:3

2:8:6

2:8:8

2:7

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

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

(iii)Drawadotandcrossdiagram toshowthestructureofthecompoundformedin(i)above?

+ -
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(iv)Hydrochloricacidreactswiththecompoundformedin(i)above.Writeabalancedchemical
equationtoshowthereaction.

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

X X
9 9

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

=19.33g

(v)CalculatethemassofXthatwillreactwith0.25molesofQ.

Q+X QX
SincethemoleratioofQ:Xis1:1,0.25molesofQwillreactwith0.25molesofX
No.ofmoles=Mass

R.A.M
0.25moles=Mass

19.33
MassofX=19.33x0.25

=4.832g

4.(a)Inanexperiment,metalJreactswithcoldwaterwhilemetalKdoesnotreactwithwateratall.
MetalLreactswiththeOxideofJtoform metalJ.Whatistheorderofreactivityofthethree
metalsstartingwiththemostreactivefirst?

L,J,K
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(b)AsaltHdissolveseasilyinwaterandconductselectricityinboththeaqueousandmoltenstate.
WhattypeofbondingexistsinthesaltH?

Ionic/electrovalent.

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

BandD–Havesamenumberofprotonsbutdifferentnumberofneutrons.

6.Alongsideispartoftheperiodictablewithelementsshown.Thelettersusedarenottheactual
chemicalsymbols.Usetheletterstoanswerthefollowingquestions.
(i) Whichoneoftheelementswillform adivalentanion?U

8

R 2 3 4 5 6 7

S

X Y T U V W

(ii) Whichoneoftheelementwillreactmostvigorouslywithwater?X
(iii) WritetheformularofthecompoundformedwhenYreactswithV

Y YV2

(iv) Ofthetwosolvents,waterandmethybenzenewhichonewillbesuitableforthecompound
in(iii)above?Explainyouranswer.
- Water–APolarsolvent
- CompoundYV2isanioniconeandwontdissolveinmethylbenzeneanorganicsolvent.

(v) ExplainwhyelementRcanbeconvenientlyplacesinbothgrouponeaswellasingroup7of
theperiodictable.
- R–fitsingrouponesinceitwillloosetheonlyelectrontoform apositiveion.Justlike

anyothermemberofthegroup.
- Itwillalsofitingroupsevenasonlyone(e)electrontoattainthenoblegasandacquire

negativechargejustlikeanymemberofthehalogenfamily.

7.(a)Studytheinformationinthetablebelowandanswerthequestionsthatfollow.Thelettersdonot
representtheactualsymbolsoftheelements.
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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
- From theirelectronicconfigurationtheycanbeplacedonthelefthandsideof

periodictable–(metallicside)
- Themeltingpointoftheirchloridesarehighhelpingthepresenceofanionic

bondinthechloridesandforanionicbondtobeformedtheremustametal
andnon-metal.Thisbondrequiresalotofheattobreakhencehighmelting
points.

(ii) WritetheformulaofthecompoundformedwhenelementHreactswithelementK
H–2:8:2 H HK
K–2:8:6

(iii) ExplainwhythemeltingpointofJishigherthanthatofK.
J–hasagiantatomicstructurewithverystrongcovalentbondswhichwillrequire
alotofheat(1410)tobreakwhileinthecaseK1130Cisrequiredtobreakthe
simplemolecularstructurewhichcomesaboutduetothecombinationofcovalent
bondsandweakvanderwaalsforces.

(iv) WhatistheOxidationstateofJinitschloride?
JCl4–totaloxidationnumber=O

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

x-4=0
x=4

J–hasanoxidationnumberof4anditschloride

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

chloridesowingtothesmallsizeoftheionsenablingthem approacheach
closelyinthesolidcrystal.Thereforetheionicbondisstrongerinthecaseof
fluoridesthaninthechlorides.Hencethehighmeltingpoint.

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

itstwovalencyelectronstoreactwithwater.InHtheatomicsizeissmallerand
thevalencyelectronsarefirmlyboundbythenucleusthusmakingtheelement
almostunreactivewithcoldwater.

8.ThegridbelowrepresentspartoftheperiodicTable.Studyitandanswerthequestionsthatfollow.
Thelettersarenottheactualsymbolsoftheelements.

Q

O W R S

T U

V Z

(i) Whichelementwillrequiretheleastamountofenergytoremoveoneoftheoutermost
electrons? V

(ii) Selectthemostreactivenon-metal.S
(iii) Whichoftheelementshasthegreatesttendencyofformingcovalentcompound?Explain.

Q–Isingroupfourandrequiresatotaloffourelectronstoattainastablestructure.
Sinceitcan’tlooseorgainfourelectrons,theonlyalternativeitisleftwithistoshare
electronsotherelementsandinsodoingitformscovalentbondswithotherelementsfor
stabilitypurpose.

(iv) WhatnameisgiventothefamilyofelementstowhichelementsO,TandVbelong?
Alkalimetals.

(v) AnelementW hasatomicnumber15.IndicatethepositionofW onthegrid.

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

(vi) ExplainwhytheatomicradiusofSissmallerthanthatofR.
- TheelectrostaticattractioninSisstrongerthantheRbecauseShasmoreprotonsin

thenucleusandelectronsontheoutermostenergylevel.
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AsaresultSdecreasesinsize.

(b) Studytheinformationgiveninthetablebelowandanswerthequestionsthatfollow.

Formulaof
compound

Nacl Mgcl Alcl3 Sid4 Pcl5 Scl6

BP0C 1470 1420 Sublime
s

60 75 60

MP0C 800 710 70 90 80

(i) Givetwochloridethatareliquidsatroom temperatures.Giveareasonforthe
answer.

Sicl4andPCl5

-ArecovalentandalsohaveweakVanderWaalsforces.
(ii) GiveapossiblereasonwhyAlcl3hasamuchlowermeltingpointthanMgcl2

althoughbothALandMgaremetals.
AlCl3hassomecovalencycharacterunlikeMgCl2whichispurelyionichence
highmeltingpoint.

(iii) Whichoneofthechlorideswouldremaininliquidstateforthehighesttemperature
range?Showhowyouarriveatyouranswer.

9.Completethetablebelow.

Isotope Numberof

59
CO

27

Protons neutrons electrons

27 32 27

10.TheorderofreactivityofmetalsPRandTstartingwiththemostreactiveisR,T,P.Byusingatick
()toindicatethatareactionoccursandacross(X)toindicatetoreaction,completethetable
belowtoshowwhathappenswhenthemetalsareeachaddedtosolutioncontainingionsofP,R
andT.

Metal Aqueoussolutionscontainingionsofmetal.

P R T

P X

R
X
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T

11.AnelementM hasaboilingpointof48300Candturnsinairtoform anacidicgas.Suggestalikely
structureforelementM.Explainyouranswer.
- Giantcovalent/atomic
- Alotofheatwillberequiredtobreakthestrongcovalentbondshencethehighboilingof48300C.

12.ThetablebelowgiveselementsrepresentedbylettersT,U,V,W,X,Yandtheiratomicnumbers.

Element T U V W X Y

Atomicnumber 12 13 14 15 16 17

Electronarrangement 2:8:2 2:8:3 2:8:4 2:8:5 2:8:6 2:8:7

Usetheinformationinthetabletoanswerthequestionsbelow:
(a)Completetheabovetablebygivingtheelectronarrangementofeachoftheelements.

(b)Inwhichperiodoftheperiodictabledotheseelementsbelong?Giveareason.
- Theybelongtoperiodthree
- Theyhavethreeenergylevelseach.

(c)HowdoesatomicradiusofVcomparewiththatofX?Explain.
- AtomicradiusofXissmallerthanthatofVbecauseelectrostaticattractioninXisstronger

duetohighprotonintensityinthenucleusandelectronsgoingtothesameorbital.

(d)GivetheformulaofthecompoundthatcouldbeformedbetweenUandW.

U W UW

(e)WhattypeofbondingwillbepresentincompoundformedTandY?Explain.
-T Y TY2–electrovalentbond.
- Thetwoelementsametalandnon-metalandthereforethereisacompletetransferelectrons.

Henceionicbond.

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

T+,T,T-,

(g)WhichoftheionsX2+andX2-isthemoststable?Explain.
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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,M andN.Studyitand
answerthequestionsthatfollow.Thelettersdonotrepresenttheactualsymbolsoftheelements.

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–Havethesamenumberofelectronsontheiroutmostenergylevelandassuchtheir
chemicalpropertiesaresimilarsincethoseelectronsaretheonesinvolved.

(b)WhatisthemostlikelyformularoftheoxideofL.

L2O

(c)Whichelementisanon-metal?Explain.

L–belongstothehalogenfamilysinceithassevenelectronsonitsoutermostenergylevel.Its
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ionicradiusislargerthantheatomiconeandthisisfoundinnon-metals.

(d)Whichoneoftheelementsisthestrongestreducingagent?Explain.
M –Ithasthelargestatomicradiusandthereforeloosesitsoneoutermostenergylevelelectron
withalotofease.Thusitisthestrongestreducingagent.

(e)ExplainwhytheionicradiusofNislessthanthatofM.
N–Ionwasformedafteratom Nloosingtwoelectronsresultingtotheshrinkingoftheion
becausetheprotonsareintact.M ionformedafterloosingoneelection.Heretheshrinkingisn’t
aspronouncedasinN.

(f)ExplainwhytheionicradiusofLisbiggerthanitsatomicradius.
L–isgainingelectrons,offsetingthebalancebetweenelectronsandprotons.Electrons
increaseandoutnumbertheprotonsandasaresulttheionicbulgesoutabit.Thusincreasein
thesizeoftheion.

15.ThetablebelowgivestheatomicnumbersofelementsW,X,YandZ.Thelettersdonotrepresent
theactualsymbolsoftheelements.

Element W X Y Z

Atomicnumber 9 10 11 12

(a)Whichoneoftheelementsisleastreactive?Explain.

X–2:8–itisanoblegasconfiguration.

(b)(i)Whichtwoelementswouldreactmostvigorouslywitheachother?

W andY

(ii)Givetheformulaofthecompoundformedwhentheelementsin(i)abovereact.

YW

16.Studythetablebelowandanswerthequestionsthatfollow.

Element Atomic
number

R.A.M MP0C

Aluminium

Calcium

Carbon

13

20

6

27.0

40.0

12.0

850

3730
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Hydrogen

Magnesium

Neon

Phosphorus

Sodium

1

12

10

15

11

1.0

24.3

20

31.0

23

-259

650

-249

44.2(white)590
(red)

97.8

(a)Completethetablebyfillinginthemissingatomicnumbersandatomicmass.

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

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

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

intermolecularforcesandthehighertheMP

(e)ThemassnumbersofthethreeIsotopesofmagnesium are24,25,and26.Whatisthemass
numberofthemostabundantIsotopeofmagnesium?Explain.
24–isnearesttotheR.A.M 24.3andthismeansitisthemostabundant.

(f)Givetheformularofthecompoundformedbetweenaluminium andcarbon.
Al4C3

(g)Explainthedifferenceinthemeltingpointsofmagnesium andsodium.
BotharemetalsbutthentheMPofmgishigherbecauseitsmetallicbondisstrongerthanin
sodium.Thisstrengthdependsonthenumberofvalencyelectrons.Theremorethevalency
electrons,thestrongerthebond.

17.Belowisatableofsomepropertiesofthechloridesoftheelementsinperiod3.Useittoanswerthe
questionsthatfollow.

Formulaor
chloride

Nacl Mgcl2 Al2cl6 Sicl4 Pcl4 S2Cl2 Cl2

Stateat250C Solid Solid Solid Liquid Liquid Liquid Gas
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Boilingpoint(0C) 1465 1418 423 57 74 136 -35

Electrical
/conductivityin
moltenstate Good Good V.

Poor
Nil Nil Nil Nil

(a)Whyistheformulaofaluminium chloridegivenasAl2Cl6andnotAlCl3?
– Itexistsasadimmer.

(b)Explain;
(i)Thevariationofstatesofthechloridesat250C.
– ChloridesofSodium andmagnesium ionic.Aluminium chloridesispartlyionicandpartly

covalentfrom silicontochlorinetheintermolecularforcesareweakVanderWaalsforces
whichbecomeminimalatchlorine.

(ii)Thevariationoftheboilingpointsofthechlorides.
– Strongionicbondsrequirelargeenergytobreak.WeakvanderWaalsforcesrequireless

energyhencethedecreaseinboilingpoints.
(c)Writethereactions,ifany,whichoccurwhenthefollowingchloridesareaddedtowater.

(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.BelowisaTimeTableofelementsrepresentedbylettersAtoJandtheiratomicnumbers.Usethe
tabletoanswerthefollowingquestions.

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,whatcommonfeaturedotheelementsina(I)have?
Oneelectronintheoutermostenergylevel.

(b)WhichtwoelementsbelongtogroupVIII.
EandI

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

(ii)X2+ FandH
(d)Selectanytwoelementswhichform acompoundthatconductselectricitybothinfusedstate

andinsolution
AandC

(e)Selectanytwoelementswhichwhencombinedanddissolvedinwaterform anacidicsolution?
BandCorJandD.
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19.(a)Studythetablebelowandanswerthequestionsthatfollow.

Element Atomicradius/nm Ionicradius

A 0.333 0.078

B 0.090 0.120

C 0.157 0.098

(i) Twooftheseelementsaremetals.Whicharethey?
AandCfor(ionsaresmallerthantheirparentatoms.

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

(iii) Thetwometallicelementsbelongtothesamegroupoftheperiodictable.Whichismore
reactive?Whichonewillhavegreateratomicnumber?.

– Goingdownagroup,thesizeoftheatom aswellasthatofitsionincreases.HenceAis
aboveisaboveCinthesamemetallicgroup.Thereactivityofthemetalsinagroupincreases,
goingdownthegroup.HenceCismorereactiveandwillhavegreateratomicnumber.

(b)Thetablebelowgivessomepropertiesrelatingtoelementsinperiod3oftheperiodictable
anditsoxides.

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

Atomicradius 1.57 1.36 1.25 1.70 1.10

(i) Theatomicradiioftheelementsintheperiodictabledecreasefrom lefttoright.Explain
this.
– Goingfrom lefttorightoftheperiod,eachelementhasonemoreelectronthanthe

previouselement.Noticethatthisextraelectrongoesintothesameenergylevel(3rd
inthiscase)anddoesnotcauseanyincreaseinthesizeoftheatom.But,theextra
positivechargeonthenucleus,causedbytheextraproton(goingfrom lefttoright,
atomicnumberincreasesby1),increasestheattractionoftheelectronsandmakes
atomsslightlysmalleracrosstheperiod.

(ii) Whatconnectionistherebetweenthepropertiesoftheoxidesandthemetallicandnon-
metallicnatureoftheelementsinthisperiod?
– Oxidesofmetalsarebasicoramphoteric(aluminium oxide);non-metaloxidesare

acidicwithlowmeltingpoints–mostofthem aregases.SiO2hasagiantstructure
andisasolidwithveryhighmeltingpoint.Itisanamphotericoxide.

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

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



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchoolNotes&RevisionKits 0714497530 51

(iv) BothSulphurandChlorinefollowphosphorusinthisperiod.Writetheformulaeoftheir
oxides.

SO2,SO3andCl2O,Cl2O6,Cl2O7

20.(a)Whydoesanarrangementofelementsinorderofincreasingatomicnumberconstitutea
periodictable?.
– Chemicalpropertiesofelementsareperiodicfunctionofatomicnumber.

(b)Whyaretheelementsofgroup1ofperiodictableknownasalkalimetals?.
– Theseelementsreactwithwatertoform alkalinesolutions.

(c)TheelementsF,Cl,Br,andIaredescribedashalogens,Whatdoesthismeanandwhyisit
appliedtotheseelements.
– Ahalogenisasaltproducer.Theseelementsdirectlyreactwithmetalstoform salts.

(d)GivethreereactionsofGroup1elementsoritscompoundsinwhichallmembersofthegroup
behavesimilarly.
– Allform oxideswhichreactwithwatertoform solublehydroxides,showavalencyof+1.

Theirhydrogencarbonatesaresolidandallgiveflametest.

(e)AlmostallnaturallyoccuringIrononearthexistsasIronIIIwhereasthesamplefoundonthe
moonismainlyIronII.Explain.
– OxygenisatmosphereoxidisesIronintoIronIII;whilethemoonhasnosuchatmosphere.

MOLECONCEPTINGENERAL

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

1.StatethefollowingLaws.
(a)Graham’sLaw.

Therateofdiffusionofagasisinverselyproportionaltothesquarerootofitsdensityat
constanttemperatureandpressure.

(b)GayLussac’sLaw.
Whengasesreacttheydosoinsmallvolumeswhichbearacertainratiowithoneanother.

(c)Charle’sLaw.
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Thevolumeofafixedmassofagasisdirectlyproportionaltoitsabsolutetemperatureat
constantpressure.

(d)Boyle’sLaw.
Thevolumeofafixedmassofagasisinverselyproportionaltopressureatconstant
temperature.

(e)Avogadro’sLaw.
Equalvolumesofallgases,atthesametemperatureandpressure,containthesamenumberof
molecules.

(f)Dalton’sLawofpartialpressures.
Iftwoormoregases,whichdonotchemicallyreact,aremixed,thetotalpressureexertedbythe
gasmixtureisequaltothesum ofthepartialpressuresofthecomponentgases,temperature
remainingconstant.

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

Ahyperbola
V or V

O 1 P
P

(ii) Charle’sLaw.

V

273 T/K
(b)Illustrate

(i) Boyle’sLaw.
Constanttemperature.
CPorPV=constant.
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(ii) Charle’sLaw.
Atconstantpressure–VTorV=constant.

T

3.At270C,nitrogenhasavolumeof650cm3underpressureof980mmHg.Whatwouldbeitsvolume
atthesametemperaturebutatapressureof760mmHg?.

At270C P1=980mmHg V1=650cm3

P2=760mmHg V2=?

AtthesametemperatureP1V1=P2V2(Boyle’sLaw)

Therefore V2=P1V1 =980x650
P2 760

V2=838.2cm3

4.Twogases,AandBhavedensitiesof0.18gdm-3and2.90gdm-3respectively.Iftheydiffuseunder
thesameconditions,whataretheirrelativeratesofdiffusion.

ByGrahamslawRA = eB RA+RBareratesofgasesAandBrespectively
RB eA

= RA
2 =eB

RB eA

=2.90
0.18=16

ThereforeRA = 16 =4
RB

Therefore,thegasAdiffusesfourtimesfasterthangasB.

5.Inanexperiment,itwasfoundthatamoleofagasoccupied24.0dm3at200Candatmospheric
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pressure.WhatvolumewoulditoccupyatS.T.P?

P1=1atmosphere P2=1atmosphere
V1=24.0dm3 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.IfthemolecularmassofgasAis16g.
FindthemolecularmassofB.

RateofdiffusionofA = MolecularmassofB
RateofdiffusionofB MolecularmassofA

2 =M
1 16

M =2x16=8 henceM =82=64

ThereforemolecularmassofB=64g.

7.100cm3ofagasatr.t.pwascooledto60cm3.Calculatethenewtemperatureoftheasin0Cifthe
pressureiskeptconstant.

ByCharle’sLaw. V1 =V2

T1 T2

Therefore 100=60
298 T2

T2 =60x298
100

=178.8K

In0C=(178.8–273)
=-94.20C

8.(i)Whatisamole?.
Amoleistheamountofanysubstancethatcontains6.0x1023particlesofthatsubstance.
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(ii)HowmanygramsofSulphurcontain3.0x1021atoms?.

6.0x1023atomsarein1molarmassofSulphur32g.

3.0x1021atomsarein 32x3.0x1021

6.0x1023

=16x10-2

=0.16g
(iii)Calculatethenumberofatomsin0.027gofaluminium and48gofcarbon.

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) Howmanyelectronswillbelostwhen1.8gofMagnesium areconvertedintoMg2+ions?.

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

2x1.8x6.0x1023 =0.9x1023

24
=9x1022electrons

(vi)Calculatethenumberofnitrogenmoleculesin560cm3ofnitrogengasats.t.p.

1moleofN2gasmoleculeoccupies22400cm3ats.t.p.
6.0x1023moleculesofnitrogenoccupies22400cm3ats.t.p.
560cm3ofnitrogenwillhave22400cm3 6.0x1023molecules

22400cm3 Xmolecules

6.0X1023X5.6X10 =
2.24X10

6.0X1023X4X10-2

=6.0X1021x4
=2.4x1022molecules.
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(vii)Howmanycalcium ionsandhowmanychlorideionsarein1moleofcalcium chloride,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.Findthemolesofwatercontainedinformula
massofthesalt.

0.5molesofahydratedsaltcontains
90gofwater=90=5molesofH2O

18
moleofthesamehydratedsaltcontains1x5 =10molesofwater

0.5

(x) CalculatethepercentageofwaterinCopper(II)Sulphatecrystals.
(Cu=64,S=32,O=64,H=1).
FormulaisCuSO4.5H2O

1atom ofCopper,r.a.m 64=64
1atom ofSulphur,r.a.m 32=32
4atomsofoxygen,r.a.m 16=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
=20.8gofPb(NO3)2

9.OnheatingSodium nitrate,itdecomposestogiveSodium nitriteandoxygenasshownbelow.
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2NaNO3(s) 2NaNO2(s)+O2(g)

WhatmassofSodium nitratemustbeheatedtogive8gofoxygen.
(Na=23, N=14, O=16)

If32gofoxygenareevolvedfrom 170gofNaNO3,
8gofoxygenwillevolvefrom

8x170=42.5gofNaNO3

32

10.(i)Whatismolargasvolumeofagasats.t.p?.
– Themolarvolumeofanygasis22.4dm3atstandardtemperatureandpressure.

(ii)Whatisatomicityofgases?
– Atomicityofgasesisthenumberofatomscontainedinonemoleculeofagas.

(iii)Calculatethevolumeofoxygenneededforthecompletecombustionof200cm3ofethane.
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%.Whatisthe
valueofX(H=1 O=16 Mg=24 S=32).

RFM ofMgSO4is120g.Onemoleculeofanhydroussaltcombineswithxmoleculeofwaterand
sincethemolecularweightofwateris18,itwillberepresentedas18x.In100gofhydratedsalt
thereare51.22gofwaterandtherefore100–51.22g=48.78ofanhydroussalt.Mustbethesame
inonemoleculeasin100g.

i.e.18x=51.22
100 48.78

x=51.22x120
48.78x100 x=7

12.CalculatethevolumeofCO2at200Cand750mmHgpressurewhichwouldbeobtainedbytheaction
ofexcessdiluteHClon5gofcalcium carbonate.
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From thebalancedchemicalequation1moleofcalcium carbonateyields1moleofcarbondioxide.
100gofcalcium carbonateyields22.4litresofCO2.Hence5gofcalcium carbonatewillyield
1.112litresthisvolumeofgasbeingproducedat273kand760mm/Hgpressurethecombined
equationtocalculatethevolumeofO2thatwillbeproducedat293kand750mm/Hg=1.112litres.

13.50cm3ofm sulphuricacidisaddedtoanexcessofsolidSodium hydrogencarbonate.Calculate;
(a)MassofSodium Sulphateproduced(RFM ofNa2SO4is142g).

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

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

1
=71gofSodium Sulphate.

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

Calculatethehydrogenionsconcentrationofasolutionwhosehydroxideionsconcentrationis;
(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

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)

PH =1.22
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(b)AdetergentsolutionhasaPHof10.4at250C.Whatistheconcentrationofhydroxideionsinthe
solutionatthesametemperature?
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

16.WabongopreparedBarium (II)Sulphatefrom Barium hydroxideanddilutesulphuricacid10cm3of
theacidwereaddedtothealkaliatintervals.Theelectricalconductivitywasplettedagainstthe
volumeofacidusedandthegraphshownbelowwasobtained.

Electrical
Conductivity O

C

B Volumeofacid(cm3)

(i)WhationsareresponsibleforelectricalconductivityatpointsOandCrespectively.

AtO:Ba2+
(aq) and OH-

(aq)

AtC: H+
(aq)+SO2-

(aq)

(ii)Whydoestheelectricalconductivitydecreasefrom OtoBandincreasefrom BtoC?
– From OtoB:Ba2+

(aq)andOH-
(aq)areremovedfrom thesolutionbyforming

BaSO4(s),andH2Orespectively.
– From BtoC:Excessacid.

(iii)WhathappensatB?
– Completeneutralisationofthealkalihastakenplace.

Ba2+
(aq)+SO4

2-
(aq) BaSO4(s)

17.Howmanygramsofcopperoxidewillbeformedbyheating16gofcopperinoxygen
(Cu=63.5)(O=16).
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(a)Startbythebalancedequationforthereaction20g

(b)HowmanygramsofHydrogenwillbepreparedtoreducethecopperoxideformedin(a)above.
From thebalancedequationforthereaction1moleofCuOreactwith1moleofhydrogen
therefore20gofitwillbereducedby

20x2
79.5 =0.503g

(c)Whatmassofwaterwillbeformed?
From thebalancedequationforthereaction1moleofCuOform 1moleofwater.If79.5gofCuO
form 18gofwaterthen20gofitwillform.

20x18
79.5 =4.53g

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

19.Studythisequation;
2NO(g)+O2(g) 202(g)

If40cm3ofoxygenand40cm3ofnitrogenmonoxideareallowedtoreact.Whatwillbetheir;

(a)VolumeofO2thatremainsunused.
ByGayLussac’sLaw,2volumesofnoreactwithvolumeofO2therefore40cm3ofnoreactwith
20cm3ofO2.

(b)VolumeofOxygenthatremainsunused.
20cm3

(c)VolumeofNitrogendioxideproduced.
40cm3

(d)Finalvolumeofthemixture.
Thiswillbethevolumeoftheunreactedgasplusthevolumeofnitrogendioxidegas.Thiswillbe
60cm3.

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

21.62gofanoxideofametalM wereformedwhen4.6gofthemetalreactedwithanexcessofoxygen
writetheformulaeofthemetaloxide(M =23,O=16).

22.Howmanymolesofflourineatomsarethereinonemoleofflourinemolecules.
2moles

23.Calcium combineswithO2accordingtothefollowingequation.
2CO(s)+O2(g) 2CaO(g)

Calculatethemassofcalcium neededtoreactcompletelywith160gofO2(Ca=40,O=16).
From theequationforthereactionofO2combinewith80gofcalcium therefore160gofO2will
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combinewith;
160x80
32 =400gofcalcium

24.Afixedmassofagasoccupies150cm3at150C1.8atmospheres.Whatvolumewillitoccupyat
s.t.p.

213cm3usethecombinedgasLaw.

25.1M calcium carbonatewhenheateddecomposedyielding22.4litres.Whatvolumeofthegaswillbe
producedats.t.pondecomposing0.5molesofcalcium carbonate.
(Ca=40,O=16, C=12) 11.2litres

26.Inanexperiment25cm 3ofasolutioncontaining26.8gperlitreofsodium carbonatecompletely
neutralising27cm3ofhydrochloricacid.

a)Writeanequationforreaction.

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

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

27.Lead(II)carbonatewasadded,alittleatatimeto50cm3of3m nitricaciduntilnofurtherchange
wasobserved.Themixturewasthenfiltered.
(i)Writedowntheionicequationforthereaction.

Writedownthenormalequationforthereactionseparateallthesubstancesinagaseousstates,
casedthespectatorions1-ethatareinthesamestateandform onthereactantandproductdid
andyouwillbeleftwiththeionicequation;

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

28.25cm3of0.1Sulphuricrequired20cm3ofSodium carbonatesolutionforcompleteneutralisation.
CalculatetheconcertrationoftheSodium carbonateinmolesperlitre.

0.125m

29.Calculatetheconcerntrationin(molesperlitre)ofasolutioncontaining0.4sodium hydroxidein
100cm3ofwater. (Na=23,O=16, H=1)

0.1M

30.40cm3ofNgasisreactedwith140cm3ofHgasusingacatalystinaclosedsystem.
(i)Writeanequationforthereaction.

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

(ii)Calculatethevolumeoftheresidual.
80cm3ofammoniaand20cm3ofunusedhydrogen.

31.(i)Howmanyatoms,do1.5molesofcalcium contain?(r.a.m ofCa=40).
1moleofCacontains6.02x1023atoms.
1.5molescontain6.02x1023x1.5atoms

=9.03x1023atoms
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(ii)Whatisthemassingramsof3.01x1023atomsofcalcium?
ThemolarmassofCaid40gmol-1

6.02x1023atomsofCahaveamassof40g
3.01x1023atomsofCahaveamass
40x3.01x1023

6.02x1023 =20g

32.(i)CompoundKhasthefollowingpropertiesofelementsinpercentage.
40.0%calcium
12.0%Carbon
48.0%oxygen

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

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

TheempericalformulaisCaCO3

(ii)AcompoundXhasamassof58ganditsempericalformulaisC2H5.Finditsmolecularformula.
(C=R,H=1).

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

29=2
ThereforethemolecularformularofXis;

2(C2H5)= C4H10

33.0.32gofoxygenats.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
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MOLARSOLUTIONS

34.(i)Calculatethemolarityofasolutioncontaining3.71gofsodium carbonate,Na2CO3,perlitre.(C=
12,O=16,Na=23).
FormulamassofNa2CO3=106
1moleofsodium carbonate=106
3.71gofNa2CO3 =3.71 =0.035mole

106
Thesolutionis0.035M Na2CO3

(ii)Calculatethemolarityofasolutioncontaining3.12gofcopper(II)sulphatecrystals,CuSO4.5H2.
250cm3ofsolution.(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)ofsolutioncontains4x0.0125

=0.05mole
Thereforethemolarityofthesolution=0.05M

(iii)Calculatethenumberofmolesofsodium chloridepresentin100cm3ofa2M solution.
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)Workoutthemolarityofasolutioncontaining3.2gofSodium hydroxideinonelitreofthe
solution:

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

Ormassperlitre
R.F.M

TITRATIONSAMPLEQUESTIONS

Choiceofindicators
Thisdependsonthestrengthofboththebaseandtheacid.
(i) Whentitratingweakacidagainststrongalkalis,e.g.Usephenolphthaleinindicatorforthefollowing.

– Ethanoicacid
– Butancdioicacid(Succinic)
– Methanoicacid VsNaOH
– Carbonicacid
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– Sulphuricacid
(ii)Whentitratingweakalkalisagainststrongacidse.g.

– Ammonia
– Sodium carbonate VsHClorH2SO4

– Sodium Borate

Themethylorange(red
(iii)Whentitratingastrongalkaliagainstastrongacide.g.

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

Usemethylred.

Thetablebelowshowsthecolourchangesofsomecommonindicators

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

35.Sample1
Youareprovidedwith;

– SolutionW whichcontains3.56gofHClperlitre.
– SolutionBcontains6.3gof(COOH)2.nH2Operlitreofsolution
– Sodium hydroxide–solutionC

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

Procedure1
PlacesolutionCintheburetteusingapipette.Transfer25.0cm3ofsolutionAintoaconicalflask,add
twodropsofphenolphthaleinindicatorandtitratewithsolutionCuntilapermanentchangeisobtained.
Recordyourresultsintable1below.Repeattheproceduretogetthreereadings.

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
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(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).
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.Pipette25.0cm3ofsolutionBandtransferitintoaconicalflask.
Add2-3dropsofphenolphthaleinindicatorandshakeTitratethissolutionagainstsolutionCinthe
burette.ObtainthreereadingsandrecordyourresultsintableIIbelow.

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)Calculatethenumberofmolesofsodium hydroxidecontainedintheaveragevolume.(2mks)

MolesofNaOHin24.97cm3

=24.97x0.100=0.002497
1000

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

Mole B:C
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1:2
MolesofB =0.0025=0.00125moles

2
(d)WhatistheconcentrationofsolutionBinmolesperlitre?(1½).

25cm3contain0.00125molesofB
1000cm3 =1000x0.00125 = 0.05moles

25
(e)CalculatetheRelativeformulamass(R.F.M)oftheacid.(2mks)

Conc.=0.05moles/litres.
0.05molesweigh6.3g
1mole=1x6.3g

0.05 =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

36.SAMPLEQUESTIONSII
Todeterminewaterofcrystallisation.
– YouareprovidedwithsolutionB10andB14solutionB10isahydratedSodium carbonate

(NaCO3.XH2O).Preparebydissolving9.536gofhydratedsodium carbonateinwaterandmaking
itto500cm3.B14is0.1667M HCl.

Procedure
Place25cm3ofsolutionB10in250cm3beakerandadd2–3dropsofindicator.PlacesolutionB14inthe
buretteandtitrateagainsttheB10solutionuntilthepinkcolourjustdisappears.

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
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(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.ofmolesofSodium Carbonatein25.0cm3.(2mks)
Reactingmole Na2CO3 :HCl

1:2
No.ofmolesofNa2CO3 =0.003334x½

=0.001667moles

(e)Calculatethemolarityofsodium carbonatesolution.(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.ofthemolesin500cm3solutionofsodium carbonate.

No.ofmolesin500cm3 =500x0.06668
1000

=0.03334moles

(g)CalculatetheR.F.M ofthehydratedsodium calculate(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
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18x=286–106
18x=180
x= 180

18=10
x=10

Theformulashouldbe Na2CO3.10H2O

37.SAMPLEQUESTIONIII

Youareprovidedwith;
(i)SolutionAcontaining9.80gSulphuricacidperlitreofsolution.
(ii)SolutionBcontaining13.8gofacarbonate(X2CO3)perlitreofsolution.Titrate25cm3(or20cm3)

portionsofsolutionBwithsolutionA,usingmethylorangeastheindicator.From yourresults
andthedataprovidedcalculate;

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

Theequationofthereactionis;
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
0.1M solution = 0.10x24.6

1000
No.ofmolesofX2CO3in25.0cm3 =0.10x24.6
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1000
No.ofmolesofX2CO3in1000cm

0.10x24.6x1000
1000 25.0

SolutionBis0.0984M
(iii) CalculatetheformulamassofX2CO3.

0.0984molesofX2CO3contains 13.8g
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-crystallineform ofcarbonwhichconsistofminutefragments

ofgraphite.
(i) Woodcharcoal–(from wood)
(ii)Sugarcharcoal–(obtainedbydehydrating
(iii)Animalcharcoal–(from animalbones)
(iv)Lambblack–(from hydrocarbonsuchaspetroleum,turpentineetc)
(v)Soot–(Foundonchimneys)
(vi)Coke–(From destructivedistillationofcoal)

(d)Statetheuseofeachoftheform in(c)above.
(i) Woodcharcoal– (i)Sourceofenergy

(ii)Usedtoabsorbpoisonousgasesinurinalsandinthegasmasksinwar
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fronts.
(ii)Animalcharcoal–Usedtoremovebrowncolourfrom crudesugar(brownsugar).
(iii)Lampblack–usedtomanufactureshoepolish,carbonpaper,Indianinkandprintersinkand

cartyres.
(iv)Coke– Usedinblastfurnaces,ovensandbottles.

-UsedasareducingagentintheextractionofIron,ZincandLeadmetalsfrom their
oxides.

2.Byconsideringthestructuresoftheallotropes,explainwhy;
(i)Graphiteconductselectricitybutdiamonddoesnot.

– Indiamondeachcarbonatom isusingitsfourbondingelectronstoform covalentbondsto
fourotheratoms.Ingraphite,eachcarbonatom isbondedtoonlythreeothers,eventhough
fourelectronsareavailableforbonding.Theextraelectronsarefreetomovefrom one
hexagontothenextwithinalayerandthusconductanelectriccurrent.

(ii) Graphiteissoftbutdiamondishard.
– Graphiteismadeupoflayersofhexagonofcarbonatoms.Thebondingineachlayerstrong

butthelayersareonlyheldtogetherbyWeakVandaWaal’sforces.Thelayersofcarbon
atomscanthusslideeasilyoveroneanother.However,indiamondallthebondsarevery
strong.

(iii) Graphitehasamuchlowerdensitythandiamond.
– Althoughbothallotropesconsistentirelyofcarbonatoms,graphitehasamoreopen

structurethanthatofdiamondandhencehasalowerdensity.
(iv) Bothsubstanceshavehighmeltingpoints.

– Thisisbecausetheybothconsistofgiantstructuresofatoms.

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

differentmassnumber.
Isotopesofcarbonare; Carbon 1212C andCarbon 13 13C and

6 6

Carbon 14 14C
6

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

thousandsofyearsoldcanbeaccuratelydated.

(c)CarbonhastwomainIsotopes13Cand12C,withabundanciesof1.11%and98.89%
6 6

respectively.Calculateitsrelativeatomicmass.

Relativeatomicmass=Massdueto
13C+Massdueto12C
6 6

=13x1.11+12x98.89 =12.01
100 100
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(d)Whatnameoftheinstrumentusedtomeasuretheatomicmassesofelements.
Massspectrometer

– Itseparatestheisotopesofanelementandthedeterminationoftheirrespectivemasses.

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

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

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

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

NB–Themixtureof1/3carbonmonoxidebyvolumeandtheunchangednitrogenfrom theairforms
theproducergas.

(iv)Watergas–isproducedbypassingsteam overwhitehotcoke(above10000C)inafurnace.A
mixtureofequalvolumesofcarbonmonoxideandhydrogenisformed.

5.(a)Describehowyouwouldprepareandcollectinthelab.

Dilutehydrochloricacid.

Card

CO2(g)

Distilledwater
Marblechips

– Dilutehydrochloricacidisaddedtomarblechips.Thegasgivenoffispassedthroughwater
toremoveacidsprays(HCl(g))andisthencollectedbydownwarddeliveryasshownabove.

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

(c)Statetwowaysinwhichtherateofreactioncouldbeincreased.
(i) Theratecouldbeincreasedbyusingmoreconcentratedacidorsmallerpiecesofmarble.

(d)(i)Whatdoyouobserveifcarbondioxideispassedintolimewaterforseveralminutes?
– Thelimewaterturnsmilkyi.e.awhiteprecipitateisformedandthenaclearsolutionis

formed.
(ii)Byuseofchemicalequationsexplaintheseobservations.

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

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

Clear
(e)Therewouldhavebeenlittlereactionifsulphuricacidhadbeenaddedtomarblechips.Explain.

‘Calcium sulphateisproducedandasthisisinsolubleitformsalayeraroundthemarblechips
andstopsthereaction.

6.(i)Statesixusedofcarbondioxide.
(i) Fireextinguishers–forCO2isdenserthanairanddoesn’tsupportcombustion.
(ii) Usedinaeratedorfizzydrinkse.g.mineralwater.
(iii) Usedinrefrigeration–solidcarbondioxideor‘dryice’isusedasarefrigerant.Itisused

forkeepingice-cream coldandtopdeepfreezefood.
(iv) Baking–Bakingpowdersconsistofamixtureof2,3–dihydroxybutanedioicacidand

sodium hydrogencarbonate.Inpresenceofwatertheyreacttoform carbondioxide,
whichcausethedoughtorise.

(vi) Solvayprocess–inthemanufactureofsodium carbonate.

(ii)Givetwowaysinwhichcarbondioxideisaddedtotheair.
– Carbondioxideisaddedthroughcombustionofsubstancessuchascoalandpetroleum and

throughrespiration.
(iii)Givetwowaysinwhichcarbondioxideisremovedfrom theair.

– Photosynthesisandthedissolvingofcarbondioxideinwaterremovethegasfrom the
atmosphere.

7.Explainthefollowingobservations.
(a)Whyisdryiceabetterrefrigerantthanordinaryice?

– Thesolidsublimeswhenwarm leavingnoresidue.
(b)Whenalightedsplintisplungedintoagasjarcontainingcarbondioxidegas,itgoesoff.

– Carbondioxidedoesnotsupportcombustionhenceitextinguishesaburningsplint.
(c)Whenapieceofburningmagnesium isloweredintocarbondioxideinagasjar,itcontinues

burningwithasplutteringflameandblackspecksareformedonthesidesofthegasjarand
whitedepositisseeninthejar.
– Magnesium hasahighaffinityforoxygenitsplitscarbondioxideintooxygenandcombines

withittoform MgO,thewhitesolidobserved)andcarbon,ablacksolidwillbedeposited.
Mg(s)+CO2 MgO(s)+C(s)

(d)Statetheusesofthefollowing;
(i)Diamond–Usedasagemstonesowingtoitssparklingnatureandduetoitshardness,in

makingofcuttingtoolsandrockborers.
(ii)Graphite–Usedasalubricantduetoitsslipperynature,asmoderatortheatomicreactors,as

anelectricalconductor(becauseeachcarbonatom ingraphitehasadelocalisedelectronthat
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canmoreandconducttheelectriccurrent)andinmakingpencilleads.
(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–Usedinthemanufactureofethanolandasareducingagentinthe
extractionofmetalssuchasIron,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,carbonmonoxideisformedastheonly
product.Studythediagram belowandanswerthequestionsthatfollow.

CO2(g) CO(g)

SolidY

Sodium hydroxidesolution water

(a)NamesolidY.
Carbon

(b)Whyissodium hydroxideusedintheexperiment?
– Toabsorbcarbondioxide.

(c)Nametworeagentsthatcouldbeusedtopreparecarbondioxide.
Calcium carbonateanddilutehydrochloricacid.

(d)Nametwopairsofreagentsthatcouldbeusedinpreparingcarbonmonoxide,writingthe
equationforthereactionthatoccur.
– Concentratedsulphuricacidandoxalicacid(N.Bthisreactioninvolvesdehydrationofoxalic

acid).
H2C2O4(g)

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

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

(a)Wouldyouexpectthecompoundformedbetweensiliconandchlorinetoconducttheelectric
current?

– No,itisnotanioniccompound.
(b)Writetheformulaoftheoxidesilicon.–SiO2

(c)Howcanyouobtaintheelementsiliconfrom itsoxide?Giveanequationforthereaction.
– Byheatingsilicondioxideinanelectricfurnacewithcarbon.

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

(d)Theoxideofsiliconisfoundintheblastfurnaceduringtheproductionofiron.Whatisthe
sourceofthisoxideandhowisitremoved.
– Source:asanearthlyimpurity.Itisremovedbyfusingwithsilicondioxide:
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SiO2(s)+CaO(s) CaSiO3(l)

(e)Howisthereactionofthesiliconcompound(Na2SiO3)shownbelowdifferentfrom itsequivalent
carboncompound?.
Na2SiO3(aq)+2HCl(aq) 2Nacl(aq)+H2SiO3(aq)

– Acidreactwithcarbonatestoform asalt,waterandcarbondioxide.Thecompoundabove
reactswithanacidtoform anotheracidandasalt.

(f)Whatisthetestforcarbonmonoxide?
– Carbonmonoxideburnsinairwithablueflameformingacolourlessgasthatturnslime

watercloudy(carbondioxide).

9.Twogasjars,onecontainingcarbonmonoxideandanothercontainingcarbondioxidewereboth
invertedoverwaterandtheresultsshownbelowwereobtained.

CO(g) CO2(g)

water

(a)Whatcanyouconcludefrom theaboveobservations.
– Carbonmonoxideisinsolubleinwaterwhereverascarbondioxideissparinglysolublein

water.

(b)Whatobservationswouldyouhavemadeifwaterwasreplacedbysodium hydroxide?
NoobservablechangeoccursinAwhereasinB,thelevelofsodium hydroxidesolutionrose
eventoamuchhigherlevelthanshown.Thisisbecausecarbonmonoxidedoesnotdissolvein
sodium hydroxidebutcarbondioxide,anacidicoxide,readilydissolvesinit.

10.SiliconisanelementbelowcarboningroupIVoftheperiodictableandhasavalencyof4inallits
compounds.Useyourknowledgeofthechemistryofcarbontoanswerthefollowingquestions.

11.Carbonmonoxidegasispassedoveraheatedmetaloxideandanexcessofcarbondioxideis
absorbedinasuitableabsorbingsolutionY.

MetalOxide

Heat

AbsorbingagentY
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(a)NamethemetaloxidesthatcanbeusedasX.
LeadIIOxide,CopperIIOxideandIronIIIOxide.

(b)NametheappropriatesolutionthatcanbeusedasY.
– AmmoniacalcopperIchloride.

12.Trona,anaturallyoccurringsubstanceinalkalinelakessuchasLakeMagadiisusedinproduction
ofsodium carbonate.
(a)Howistronaformed?

– Tronaisformedasaresultofsprings,flowingfrom volcanicareaL.Magadijoiningtoform
streamsandriversthatflowintotheLakewithnooutlet.Heatfrom thesuntogetherwiththe
generallyhightemperatureattheLakecausesthewaterinthelaketoevaporateleaving
behindthetrona.

(b)Whatisthecompositionoftrona?
Tronaisdoublesaltofsodium carbonateandsodium hydrogenatecarbonate,
Na2CO3.NaHCO3.2H2O,mixedwithsomesodium chloride.

(c)WhatisthemainsourceofpowerthatisusedatL.Magadi?Mentiontheproblemsassociated
withthissourceofpower.
ThemainsourceofpowerthatisusedatL.Magadiisliquidfuel.Thecombustionofthisfuel
producespollutantssuchassulphurdioxidegasthatarereleased………………..
L.Magadiisabout130km awayfrom Nairobisotransportationofliquidfuelisexpensive.

(d)Discussthechemicalreactionsandconditionsinvolvedintheproductionofsodium carbonate
from trona.
– Thetronaisdugfrom theLakeusingabucketdredger,crushed,mixedwithwaterandthen

pumpedtothefactory.Atthefactory,slurrytronaisthenwashedinawashery.Theslurry
tronathenfedintothecentrifugeswheremoisturecontentreducedtoabout3%from the
centrifugesthetronaisfedintocontainerwhereitiscalcifiedatatemperatureof5000Cand
tronaisconvertedintocrudesoda.Water,carbondioxide(andsomeorganicimpurities)are
removed.Themainreactionthatoccursinthecontainercanberepresentedbytheequation.

2Na2CO3.NaHCO3.2H2O(s) 3Na2CO3(s)+CO2(g)+H2O(g)

– Thesodium carbonateisthencooled,dissolvedinwaterandfilteredtoremoveimpurities.
Thefiltrateispassedthroughactivatedcarbontoremovesolubleorganicimpurities.The
filtrateisevaporatedunderpressuretocausecrystallisationofsodium carbonate
monohydrate.Themonohydratecrystalsarewashedandcalcifiedat1500Ctoproduce
anhydroussodium carbonate.

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

Thewaterusedforwashingistakenthroughaseriesofshallowpondswherethewateris
evaporatedbythesun,sodium chlorideobtainedfrom thewaterinthepondsbyfractional
crystallisation.

13.Howiscarbondioxideobtainedindustrially.
– Onalargescalecarbondioxideisobtainedby;

(i) Burningcokeinair.
(ii) Asaby-productinthepreparationofethanol.
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14.(i)Statetheadvantagethatgraphitehasoverotherlubricants.
– Graphitehasahighmeltingpointhencecanbeusedasalubricantatahightemperature.

(ii)Graphitehasalowerdensitycomparedtodiamondandismorereactivethandiamond.
– Graphitehasamorestructurecomparedtodiamond.

(iii)Explainhowcarbonmonoxideislethalwhenoneinhales?
– Carbonmonoxidewithhaemoglobintoform cherry–redcarboxyhaemoglobin.Thisismuch

morestablethanoxyhaemoglobinandthusthebloodcannolongeractasanoxygencarrier.
Consequentlytheorganism diesofsuffocationsinceoxygencarrierinthebloodstream has
beenincapaciated.

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

carbonatesgivecarbondioxideandtheircorrespondingmetallicoxides.

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

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

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

(ii)Commentontheeffectofheatonsolublemetalliccarbonates.
– Noobservablechangenomatterhowstronghowlongthesecarbonatesare(K2CO3)to

Na2CO.

(iii)Whatisthetestforallcarbonates?
– AllcarbonateswillreactwithdiluteacidstoliberatecarbondioxidegasthatturnsLimewater

milky.
CO3

2-
(s)+2H+

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

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

Whiteppt.
(iv)Listtheusesoffivenamedcarbonates.

1.Sodium carbonate–usedtosoftenhaswater.
2.Calcium carbonate–usedformakingcement.
3.BasicLead(II)carbonatePb(OH)2.2PbCO3)–usedinthemanufactureofsomepaints.
4.Sodium hydrogencarbonateisusedforbuildings,decorationsandmonumentsaswellasin

cementproduction.
5.Potassium carbonate–inmakingofhardglass.

NITROGENANDITSDERIVATIVES

1.Writedowntheelecriaicconfigurationofnitrogenandstateitsperiodandgroupintheperiodic
table.

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

– Itisobtainedbythroughfractionaldistillationofair.

3.(i)Takingtheassumptionthatairisamixtureofnitrogen,oxygenandcarbondioxide,describean
experimenttoshowhownitrogencanbeisolatedfrom themixture.

C Copperturnings
water Air

Nitrogen

Heat

Water

WaterinaspiratorA B Concentrated
Potassium hydroxidesolution

– Theaspiratoractsasasuctionpumptosuckwaterintodisplaceair.
– Theheatedcoppermetalcombineschemicallywithoxygentoform copperoxide.

Consequentlyoxygeninthemixtureisirradicated.
– Concentratedpotassium hydroxideabsorbsthecarbondioxideinthemixture.
– Theremaining78%byvolumeoftheair,Nitrogengascollectsinthejar.

(ii) WritedownthechemicalequationstorepresentthereactionstakingplaceinbothBandC.
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
– Inlightbulbs.

(v) Statehowpurenitrogenmaybeobtained.
(a)Purenitrogencanbeobtainedbyheatingammonium nitrite,NH4NO2.

NH4NO2(s) Heat 2H2O(g)+N2(g)

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

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

(c)Nitrogenmonoxide–NO–YieldsNO2onoxidation.

5.Thediagram belowshowsthearrangementoftheapparatususedtoprepareammoniagasinthe
laboratory.

(i)Whyistheflaskcontainingthemixturearrangedinastartingposition?.
– Topreventthewaterwhichcondensesonthecoolerpartsoftheapparatusfrom running

backintotheflask.
(ii)Howwouldyoutellwhenatesttubeoragasjarisfullofammonia?

– Ammoniaifpresentwouldturnwetredlitmuspaperblueforitistheonlyalkalinegas.
(iii)Whyaretheusualdryingagents,calcium chlorideandconcentratedSulphuricacidnotusedto

dryammonia?
– Ammoniareactswiththeusualdrying,concentratedsulphuricacidandcalcium chloride.

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

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

– Calcium oxidedoesn’treactwithammoniaandthereforeasuitabledryingagent.
(iv)Writeequationsforthereactionsbetween.

(a)Ammonium chlorideandcalcium hydroxide.
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?

– Ammoniawoulddissolveinwatersuddenlyandthespacetakenoverbytheammonia
solution.

(b)Aglassroddippedinconcentratedhydrochloricacidwasbroughtnearthemouthofatest
tubefullofammonia?
– Whitefumesofammonium chlorideareformed.

NH3(g)+HCl(g) NH4Cl(s)



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchoolNotes&RevisionKits 0714497530 79

6.Studythefollowingdiagram andanswerthequestionsthatfollow.
(a)Whatnameisgiventotheexperiment

– Fountainexperiment
(b)Whatisitusedfor.

– Todemonstratedthesolubilityofverysoluble
gases.

(c)Nametwousesofammonia.
– Inlaundrywork
– InmanufactureofNitricacid
– Liquidammoniaisusedinlargerscale

refrigerationplantssuchasinshipsand
Warehouses.

7.(i)Whyistheapparatusinthefigurebelowpreferredwhenmakingasolutionofahighlysolublegas?

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

(ii) Inanexperiment,acolourlessgasW waspassedoverheatedCopper(II)Oxideandthe
productscollectedasshownbelowCopper(II)Oxide.

Copper(II)Oxide

GasZ
DrygasW

Heat

Water

Icecubes

(a)NamegasW andZ.
W –isammonia
Z–Nitrogen

(b)Whatpropertiesofthetwodemonstratedintheaboveset–up?
W –isareducingagent.
Z–Insolubleinwater.
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(c)Statetheobservablechangesinthecombustiontube.
CopperIIOxidewhichisblackafterreductionchangestobrownwhichisthecolourof
coppermetal.
CuO(s)

NH3(g) Cu(s)+H2O(g)

8.(i)Inthepreparationofnitricacidfrom sodium nitrateconcentratedsulphuricacidisusedrather
thanconcentratedhydrochloricacid.Explainwhythisisthecase.
– ConcentratedSulphuricislessvolatilehencelawdisplacenitricacid,amorevolatileacid,

from itssalt,whereashydrochloricacidcannot.
(ii)Wakioastudenthadthefollowingapparatusset-upforthepreparationofgasX.

GasX

Water

Heat Sand+concentratednitricacid

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

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

9.Thefollowingequationrepresentsthereactionwhichtakesplaceduringtheindustrialmanufacture
ofammonia.

N2(g)+3H2(g) 2NH3(g)H=-92KJ

(i)Explainwhyapressureof250atmospheresandatemperatureof4500Cisnormallyusedforthe
aboveprocess.
– Ahighpressurefavourstheforwardreaction(productionofammonia)sincethereaction

takesplacewithdecreaseinthenumberofmoles.Sincethereactionisexothermic,low
temperaturewouldfavourtheproductionofammoniabutatlowtemperaturetherateof
reactionistooslowsoahightemperatureisused.

(ii)Nameasuitablecatalystwhichisemployedintheaboveprocessandstateitsrole.
– ThecatalystisfinelydividedIron.Itsroleistospeeduptherateofreaction.

(iii)Thepercentageconversationofnitrogenandhydrogentoammoniainthisprocessisabout8%.
Explainhowammoniacouldbeseparatedfrom theunreactedgases.

– Ammoniaobtainedisliquefiedbyrefrigeration.
(iv)Ammoniacanbecatalyticallyconvertedintonitricacid.Writeequationtoshowhowthis

conversationisdone.
(I) 4NH3(g)+5O2(g) 4NO(g)+6H2O(l)

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

(III) 4NO2(g)+2H2O(l)+O2(g) 4HNO3(aq)
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10.AmmoniaismanufacturedonlargescalebytheHaberprocess.
(a)Nametherawmaterialsrequiredforthemanufactureofammoniaandstatetheirsources.

– Therawmaterialsarehydrogenandnitrogen.Hydrogencanbeobtainedfrom theelectrolysis
ofwaterorfrom methane.Nitrogenisobtainedfrom fractionaldistillationofliquidair.

(b)DiscussthechemicalreactionsandconditionsinvolvedintheHaberprocess,includingrelevant
chemicalequations.
– Nitrogenandhydrogen,mixedintherationof1:3arereactedtogetherathighpressureof

250atmospheresoverfinelydividedIronasacatalystatatemperatureof5000C.Thegases
reacttoform ammonia.

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

finelydividedIron
(c)AccordingtotheLe-chetalier’sprinciple,whatconditionsshouldbeadoptedintheHaber

processinordertoobtainthemaximum yieldofammonia?
– Fourvolumesofreactantsform twovolumesofproducts.Increaseinpressurewillfavourthe

forwardreactionsincethisreactionisaccompaniedbyadecreaseinvolume.Hencehigh
pressureshouldincreasetheyieldofammoniaandalsoincreasetherateofreaction;since
collisionfrequencybetweenthereactantswillincrease.Theforwardreactionisexothermic
henceondecreaseintemperaturewillfavourtheforwardreaction(i.e.conversionofnitrogen
andhydrogentoammonia).

(d)From youranswertopart(b)and(c)above,isLe-chatelier’sprinciplefullyobeyed?Whyorwhy
not,ifnot,whataretheconsequences?
– Thehighpressurethatwouldfavourahighyieldofammoniaisnotusedbecausewith

increasingpressure,thecostoftheindustrialplantbecomesmoreexpensiveforexample,
pipeshavetobethickertowithstandthepressure.Theconsequencesofusingalower
pressureisaloweryield(butatalowercost).

– AccordingtoLe-chatelier’sprinciple,theyieldofammoniawillbegreatestatlowtemperature.
However,atlowtemperature,therateofattainmentofequilibrium isslow,henceahigh
temperatureisusedandtheconsequenceofthisisloweryield(butinashortertime).

– At5000Ctemperatureand250atmospherepluscatalystused,onlya15%yieldofammonia
isachieved.

(e)Howisammoniagasisolatedforstorage?
– Theammoniaisremovedasanaqueoussolutionbywashingwithwaterorcondensedas

liquidbyrefrigerationat–200C.
(f)Whathappenstothegasesthatremainunreactedattheendofthereaction?

– Theunreactedhydrogenandnitrogenanduncondensedammoniaarerecycled.
(g)Statetheusedofammonia.

I. Liquidammoniaisusedasarefrigerant
II. Ammoniaisusedinthemanufactureofnitrogenousfertilizers.
III.Ammoniaisusedinthemanufactureofnitricacidandurea.
IV.Ammoniaisusedtosoftenwaterandasadomesticcleansersinceitremovesgrease.
V.ItisusedintheSolvayprocessforthemanufactureofsodium carbonate.
VI.Isusedintheproductionofsyntheticfibressuchasnylon–6,6.

11.(i)Listfourammonium saltsandstatetheusesofeach.
(a)Ammonium chloride–usedasanelectrolyteinthemanufactureofdrybatteriesandasa

fluxinsoldering.
(b)Ammonium sulphate–usedasafertiliser.
(c)Ammonium nitrate–usedasafertiliserandasanexplosive.
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(d)Ammonium carbonate–usedinsmellingsalts,whichareusedtostimulatebreathing.
(ii)Whatisthetestforammonium salts?

– Allammonium saltswhenheatedwithanalkaligiveoffammoniagaswhichcanbe
recognisedbyitspungentsmellandbyturningwetredlitmuspaperblue.

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

(aq)

12.Thegasesmethylamine(CH5N)andammoniaarecloselyrelatedcompoundsandhaveverysimilar
properties.Eachcanberepresentedbytheformula
R–NH2

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

(2)MethlaminehastheformulaCH3NH2

R=CH3

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

(2)Methylaminewillreactwithhydrogenchloridetogivewhitefumes,similarto
ammonium chloride.

CH3NH2(g)+HCl(g) CH3NH3
+Cl-

(s)

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

(s)

(iii)AJetofammoniaissponteneouslyinflammableinchlorineproducingnitrogenand
hydrogenchloride.Writeanequationforthisreaction.

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

(iv)Whatatmosphericconditionsareneededforatmospherenitrogentobeconvertedinto
nitrogencompounds.
Alightningflash.

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

(ii)WhatwasobservedwhennitrogenIIOxidewasexposedtoair?
– Thegasisreadilyoxidisedbyoxygen,intheairtoform brownfumesofnitrogenIVOxide–

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

(iii)Whathappenstoaburningmagnesium whenitisinvertedintoatesttubecontainingnitrogenII
Oxide.
– NitrogenIIOxideoxidiseshotelementsandisitselfreducedtonitrogen.

2Mg(s)+2NO(g) 2MgO(s)+N2(g)

(iv)WhatwasobservedwhenthegaswaspassedintoasolutionofIron(II)Sulphate?Explainthe
observation.
– Iron(II)SulphateturnsdarkbrownwhennitrogenIIOxideisbubbledthroughitduetothe

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

N/B.Ferroussulphate-nitrogenoxide–usedinbrownringtestfornitrates.

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

(ii)Whatwasobservedwhenthegaswas
(a)Cooled?
– Oncoolingthebrownchangestoliquidwhichispaleyellowcalleddinitrogentetraoxide
(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.Soanyhydrogeninitiallyproducedbytheactionoftheacidand

themetalisatonceoxidisedbymoreoftheacidtowater.

15.(i)Whatdoyouunderstandbycatalyticoxidationofammonia?
– Thisistheoxidationofammoniabyoxygenwhichtakesplaceonthesurfaceofametallic

catalyste.g.Platinum withtheevolutionofheat.
– Theoxidationisatwinprocess.

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

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

(ii)Howdoestheeaseofdecompositionofthemetalnitratesrelatetotheactivityseriesofmetals?
– Theeasewithwhichthemetalnitratesdecomposeincreasesdowntheactivityseriesofthe

metals.
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)

(iii)ExplainwhyLeadnitratedecrepitatesonheating.
– WhenLeadnitrateisheated,itdecomposesrightfrom insidethecrystalreleasingalotof

gas(NO2andO2)whichexpandsonheatingexertingpressureonthewallsofthecrystals
untilthecrystalsbursts.Hencethecrackingsoundoftheburstingcrystalsisheard.

SULPHURANDITSDERIVATIVES

1.(a)Nameonesubstanceusedforvulcanisationofrubber.
Sulphur

(b)Whyisitnecessarytovulcanisenaturalrubberbeforeuse?
– Tomakeitharderandstrongerandmoredurable.About50%additionofSulphurproducesa

veryhardvulcaniteorebonite.

2.Thediagram belowrepresentstheextractionofSulphurbyFraschProcess.
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Hotcompressedair

Tube1

TubeII

Sulphur

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

(b)Whatisthepurposeofthehotcompressedairinthisprocess?
– ItproducesalightfrothofmoltenSulphurwhichisforcedupthemiddlepipe.

(c)InwhatformsdoesSulphuroccurinnature?
– SulphuroccursinthecombinedstateasPbS,FeS,H2S,Sulphatesandasfreeelement.

(d)DrawthemoleculeofSulphur.

S S
S

S
S S

S

(e)Explainwhyitisonlysolubleinorganicsolventsandnotinwater.
– Ithascovalentbondsinitsstructureandhenceitcanonlydissolveinacovalentbond–

solventnotinapolarsolventsinceithasnopolaritiesatall.
(f)Namethetwoallotropesofsulphur.

– Rhombicandmonoclinic.
(g)Whichallotropesofsulphurismorestableatroom temperature?

– Rhombicsulphurisstablebelow960C.Itisabrightyellowcrystallinesolidwithanoctahedral
shape.

3.Studytheflowchartbelowandanswerthequestionsthatfollow.
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Iron
Heat HCl(aq)

Sulphur

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

(ii)H2S–HydrogenSulphide.
(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)andcalcium

hydrogenSulphite(Ca(HSO3)2.Thelatterisusedinthepaperindustry.

(iii)Whenasamplesulphurisheated,thechangesrepresentedintheflowdiagram beloware
observed.

(a)ExplainwhyPandRareverymobilewhileQisviscous.
– BecausePandRhaveS8,S6andS4ringswhileQhaslongchainsofSulphuratoms.

(b)Whatwouldbeobservediftheblackliquidat4000Cwaspouredinathincontinuosstream
intoabeakercontainingcoldwater?
– Long,elastic,lightyellowribbonsofplasticsulphurareformed.

(c)Whensolidsulphurisheated,itmeltsandbecomesmobile,thenviscousthenmobileagain

Compound
T

GasU+
FeCl2(aq)

Sulphur
Yellow
Solidat
300C

P
Amber
liquidvery
Mobileat
1130C

Q
darkred,highly
viscousat1160C

R
darkredliquid
verymobileat
4000C
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onfurtherheating.Explainthisobservationintermsofthestructuresofsulphur.
– TheS8SulphurmoleculesbecomeindividualS8Sulphurmoleculesduringmeltingmaking

theliquidmobile.Themoleculesbreakopen,jointoform longchainswhichgetentangled,
makingtheliquidviscous.Thechainsbreak,andstraightenout.Themoleculesbreakinto
individualsulphuratomsduringboilingmakingtheliquidmobileagain.

(d)Whatchangeswouldyouobservewhenpowderedrollsulphurisheatedinatesttubetojust
belowitsboilingpoint?
– Sulphurmeltsat1130Ctogiveamobile(runny)amberliquid.Asthetemperaturerisesthe

liquiddarkensandatabout1800Citbecomesveryviscous(thick).Ifthetemperatureis
increasedstillfurthertheliquidoncemorebecomesmobile.

(e)DescribehowyouwouldpreparetwoallotropicformsofSulphur.Makesketchestoshowthe
differenceincrystalstructure.

Rhombic(alphaoroctahedral)sulphur

– Dissolvesomepowderedsulphurincarbondisulphide(CS2).Filteranyexcesssulphur
usingadryfilterpaperandcollectthefiltrateinawaterglassandplaceitinafume
cupboard.Carbondisulphidewillevaporateandcrystalsofrhombicsulphurareformed.
Carbondisulphidevapoursarehighlyinflammableandpoisonous.

– Afterthecarbondisulphidehasevaporatedbrightyellowcrystalsofrhombicsulphurform.
Throughoutnoheatingisrequired.

Monoclinic(betaorprismatic)sulphur

– Somepowderedsulphurisaddedto20cm3methylbenzene(toluene)ordimethylbenzene
(xylene)inasmallbeaker.Themixtureiswarmedslowlyinawaterbathat313k(400C)
heatedwithasmallflame.

– Morepowderedsulphurisaddedifnecessaryuntilnomoredissolves.Thesolutionis
slowlycooledandmonocliniccrystalswhicharepaleyellowandneedle-likeareformed.

Monoclinicsulphur
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Mix
er

Oleum

Dilution
Chamber

5.Theflowchartbelowshowshowsurphesicacidsisproducedonalargescale.
GasA GasA

SolidB GasC SO3

Burner Reaction E
chamber

Product

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,asmellingofsulphurdioxideis
alsonoticed.

– Thehydrogenandoxygenareremovedbytheconcentratesulphuricacid.

C12H22O11
-11H2O 12C+heat

– Heatisalsogeneratedandthusreducessomesulphuricacidtosulphurdioxide.
(ii)Coppersulphatecrystals.

– Thebluecoppersulphatecrystalsgraduallyturnwhiteastheybecomeanhydrous,
loosingtheirwaterofcrystallisation.
CuSO4.5H2O -5H2O CuSO4

Blue White
(d)Stateoneuseofsulphuricacid.

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

6.Sulphuricacidismanufacturedonlargescalebythecontactprocess.
(a)Whatfactorsshouldbeconsideredwhensitingaplanttomanufacturesulphuricacid?

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

(b)Nametherawmaterialsrequired.
– Oxygen
– Sulphur

(c)Statetheconditionsinthecontactprocess.
– Catalystvanadium pentoxide
– Temperatureof4000–5000C

(d)(i)Howconcentratedsulphuricacidprepared?
– BydilutingtheOleum withwater

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

(ii)Howistheunchangedsulphurdioxideremovedfrom thesystem.
– Byabsorbingitusingcalcium hydroxidesolution.

(e)AccordingtoLe-chatelier’sprinciple,whatconditionsshouldbeadoptedinthecontactprocess
inordertoobtainthemaximum yieldofsulphurtrioxide?
– Theconversionofsulphurdioxidetosulphurtrioxideisanexothermicprocesshenceayield

ofsulphurtrioxideisfavouredbyareasonablylowtemperature.Alsothereactionproceeds
byadecreaseinvolume.Henceanincreaseinpressureshouldincreasetheyieldofsulphur
dioxide.

7.Belowisasetupoftheapparatusthatisusedtopreparesulphurtrioxide.

DrygasN

CatalystX(450–5000C) dryingagentsolidY

Sulphurtrioxide Freezingmixture

(a)Name
I. –GasN–Sulphurdioxide
II. –GasM –Oxygen
III. –Catalyst–Vanadium IVOxide/Platinum
IV. –SolidY–Anhydrouscalcium chloride.

(b)WhyisitnecessarytousedryingagentsolidY?.
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– Topreventatmosphericmoisturefrom comingintocontactwiththesulphurtrioxidesince
moisturewouldcombinewithittoform sulphuricacidasshownbytheequation.
H2O(l)+SO3(g) H2SO4

(c)NameasuitableliquiddryingagentthatcanbeusedindryinggasM andN.
Concentratedsulphuricacid.

(d)Describebrieflyasimplelaboratorytestyouusetodifferentiatebetweensulphite,sulphateand
thiosulphategiventhefollowing;
2M Barium chloridesolution,dilutehydrochloricacid,filterpaperdippedinpotassium
dichromateandthenecessaryapparatus.
– Tothesolutionunder-test,addbarium chloridesolutionfollowedbyafewdropsofdilute

hydrochloricacid,testandgasproducedusingfilterpaperdippedinacidifiedpotassium
dichromate.Ifasulphateispresent,therewillbeafaintwhiteprecipitateonaddingBarium
chloridesolutionandonaddingdilutehydrochloricacid,fumesofapungentgaswhichturns
afilterdippedinacidifiedpotassium dichromatesolutionfrom yelloworangetogreenis
produced(SO2).Noprecipitateofsulphurisformed.

– Ifsulphateispresent,onaddingbarium chloridesolutionfollowedbyhydrochloricacid,a
thickwhiteprecipitatethatisinsolubleindilutehydrochloricacidisformed(BaSO4)

– Ifathiosulphateispresent(S2O3
2-)onaddingbarium chloridesolution,awhiteprecipitate

(BaS2O3)isformedandonaddingdilutehydrochloric,awhiteorcream precipitateofsulphur
isformedandacolourlessgaswithapungentsmellandwhichturnsacidifiedpotassium
dichromatepaperfrom yelloworangetogreenisformed(SO2).

8.Whyconcentratedsulphuricacidusedasadryingagent.
– Ithasawaterlovingacidowingtoitsdehydratingpropertieshenceitisusedtodrythosegases

whichdon’treactwithit.

9.Whydoesaburningmagnesium ribboncontinueburninginsulphurdioxidegas.
– Whenburningmagnesium isloweredinajarofsulphurdioxidetheheatfrom themagnesium

decomposesthesulphurdioxideintoayellowspecks.
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