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CHEMISTRY

FORM3NOTES

(0714497530)
(a)Gaslaws
1.MatterismadeupofsmallparticleinaccordancetoKineticTheoryofmatter:

Naturally,therearebasicallythreestatesofmatter:Solid,Liquidandgas:
(i)Asolidismadeupofparticleswhichareverycloselypackedwithadefinite/fixed

shapeandfixed/definitevolume/occupiesdefinitespace.Ithasaveryhighdensity.

(ii)Aliquidismadeupofparticleswhichhavesomedegreeoffreedom.Itthushas
nodefinite/fixedshape.Ittakestheshapeofthecontaineritisput.A liquidhas
fixed/definitevolume/occupiesdefinitespace.

(iii)Agasismadeupofparticlesfreefrom eachother.Itthushasnodefinite/fixed
shape.Ittakes the shape ofthe containeritis put.Ithas no fixed/definite
volume/occupieseveryspaceinacontainer.

2.Gasesareaffectedbyphysicalconditions.Therearetwophysicalconditions:
(i)Temperature
(ii)Pressure

3.TheSIunitoftemperatureisKelvin(K).
DegreesCelsius/Centigrade(oC)arealsoused.

Thetwounitscanbeinterconvertedfrom therelationship:
oC+273=K
K-273=oC

Practiceexamples
1.ConvertthefollowingintoKelvin.
(i)OoC

oC +273=Ksubstituting:OoC +273=273K

(ii)-273oC
oC +273=Ksubstituting:-273oC +273=0K
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(iii)25oC
oC +273=Ksubstituting:25oC +273=298K

(iv)100oC
oC +273=Ksubstituting:100oC +273=373K

2.ConvertthefollowingintodegreesCelsius/Centigrade(oC).
(i)10K

K-273=oC substituting: 10 – 273 =-263oC
(ii)(i)1K

K-273=oC substituting: 1 – 273 =-272oC

(iii)110K
K-273=oC substituting: 110 – 273 =-163oC

(iv)-24K
K-273=oC substituting: -24 – 273 =-297oC

Thestandardtemperatureis273K=0oC.
Theroom temperatureisassumedtobe298K =25oC

4.The SIunitofpressure is Pascal(Pa)/Newton permetre squared (Nm-2).
Millimeters’ofmercury(mmHg),centimetersofmercury(cmHg)andatmospheresare
alsocommonlyused.

TheunitsarenotinterconvertiblebutPascals(Pa)areequaltoNewtonpermetre
squared(Nm-2).
Thestandardpressureistheatmosphericpressure.
Atmosphericpressureisequaltoabout:

(i)101325Pa
(ii)101325Nm-2

(iii)760mmHg
(iv)76cmHg
(v)oneatmosphere.

5.Moleculesofgasesarealwaysincontinuousrandom motionathighspeed.This
motionisaffectedbythephysicalconditionsoftemperatureandpressure.
Physicalconditionschangethevolumeoccupiedbygasesinaclosedsystem.
Theeffectofphysicalconditionsoftemperatureandpressurewasinvestigatedand
expressedinbothBoylesandCharleslaws.
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6.Boyleslawstatesthat
“thevolumeofafixedmassofagasisinverselyproportionaltothepressureat

constant/fixedtemperature”
Mathematically:

Volume α 1 (Fixed/constantTemperature)

Pressure
V α 1 (Fixed/constantT)iePV=Constant(k)

P
From Boyleslaw ,anincreaseinpressureofagascauseadecreaseinvolume.i.e
doublingthepressurecausethevolumetobehalved.
Graphicallythereforeaplotofvolume(V)againstpressure(P)producesacurve.

V

P
Graphicallyaplotofvolume(V)againstinverse/reciprocalofpressure(1/p)producesa
straightline

V

1/P

FortwogasesthenP1V1=P2V2

P1 = Pressureofgas1
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V1 =Volumeofgas1
P2 = Pressureofgas2
V2 = Volumeofgas2

Practiceexamples:
1.Afixedmassofgasat102300Papressurehasavolumeof25cm3.Calculateits
volumeifthepressureisdoubled.
Working

P1V1=P2V2 Substituting:102300x25=(102300x2)xV2

V2=102300x25 = 12.5cm3
(102300x2)

2.Calculatethepressurewhichmustbeappliedtoafixedmassof100cm3
ofOxygenforitsvolumetotripleat100000Nm-2.

P1V1=P2V2 Substituting:100000x100=P2x(100x3)
V2=100000x100 = 33333.3333Nm-2

(100x3)

3.A 60cm3weatherballonfullofHydrogenatatmosphericpressureof
101325Pa was released into the atmosphere.Willthe ballon reach
stratospherewherethepressureis90000Pa?

P1V1=P2V2 Substituting:101325x60=90000xV2

V2=101325x60 = 67.55cm3
90000

Thenew volumeat67.55cm3exceedballoncapacityof60.00cm3.Itwill
burstbeforereachingdestination.

7.Charles law states that“the volume ofa fixed mass ofa gas is directly
proportionaltotheabsolutetemperatureatconstant/fixedpressure”
Mathematically:

Volume α Pressure (Fixed/constantpressure)

V α T (Fixed/constantP)ie V =Constant(k)
T
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From Charleslaw,anincreaseintemperatureofagascauseanincreaseinvolume.i.e
doublingthetemperaturecausethevolumetobedoubled.
Gasesexpand/increase by1/273 byvolumeonheating.Gasescontact/decreaseby

1/273byvolumeoncoolingatconstant/fixedpressure.
Thevolumeofagascontinuedecreasingwithdecreaseintemperatureuntilat -
273oC/0Kthevolumeiszero.i.e.thereisnogas.
Thistemperatureiscalledabsolutezero.Itisthelowesttemperatureatwhichagas
canexist.

Graphicallythereforeaplotofvolume(V)againstTemperature(T)in:
(i)oCproducesastraightlinethatisextrapolatedtotheabsolutezeroof-273oC.

V

-273oC 0oC
T(oC)

(ii)Kelvin/Kproducesastraightlinefrom absolutezeroofOKelvin

V

0 T(Kelvin)
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Fortwogasesthen V1 = V2

T1 T2

T1 = TemperatureinKelvinofgas1
V1 =Volumeofgas1
T2 = TemperatureinKelvinofgas2
V2 = Volumeofgas2

Practiceexamples:
1.500cm3ofcarbon(IV)oxideat0oC wastransferedintoacylinderat-4oC.Ifthe
capacityofthecylinderis450cm3,explainwhathappened.

V1 = V2 substituting 500 = V2

T1 T2 (0+273) (-4+273)

=500x(-4x273) = 492.674cm3
(0+273)

Thecapacityofcylinder(500cm3)islessthannewvolume(492.674cm3).
7.326cm3(500-492.674cm3)ofcarbon(IV)oxidegasdidnotfitintothecylinder.

2.Amechanicwasfillingadeflatedtyrewithairinhisclosedgarageusingahand
pump.Thecapacityofthetyrewas40,000cm3atroom temperature.Herolledthetyre
intothecaroutside.Thetemperatureoutsidewas30oC.Explainwhathappens.

V1 = V2 substituting 40000 = V2

T1 T2 (25+273) (30+273)

=40000x(30x273) = 40671.1409cm3
(25+273)

Thecapacityofatyre(40000cm3)islessthannewvolume(40671.1409cm3).
Thetyrethusbursts.

3.Ahydrogengasballoonwith80cm3wasreleasedfrom aresearchstationatroom
temperature.Ifthetemperatureofthehighestpointitroseis-30oC,explainwhat
happened.

V1 = V2 substituting 80 = V2

T1 T2 (25+273) (-30+273)

= 80x(-30x273) = 65.2349cm3
(25+273)
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Thecapacityofballoon(80cm3)ismorethannewvolume(65.2349cm3).
Theballoonthusremainedintact.

8.Thecontinuousrandom motionofgasesdifferfrom gastotheother.Themovement
ofmolecules (ofa gas)from region ofhigh concentration to a region oflow
concentrationiscalleddiffusion.
Therateofdiffusionofagasdependsonitsdensity.i.e.Thehighertherateof
diffusion,thelessdensethegas.
Thedensityofagasdependsonitsmolarmass/relativemolecularmass.i.e.The
higherthedensitythehigherthemolarmass/relativeatomicmassandthusthelower
therateofdiffusion.
Examples
1.Carbon(IV)oxide(CO2)hasamolarmassof44g.Nitrogen(N2)hasamolarmassof
28g.(N2)isthuslighter/lessdensethanCarbon(IV)oxide(CO2).N2diffusesfasterthan
CO2.

2.Ammonia(NH3)hasamolarmassof17g.Nitrogen(N2)hasamolarmassof28g.
(N2)is thus abouttwice lighter/less dense than Ammonia(NH3).Ammonia(NH3)
diffusestwicefasterthanN2.

3.Ammonia(NH3)hasamolarmassof17g.Hydrogenchloridegashasamolarmass
of36.5g.Bothgasesoncontactreacttoform whitefumesofammonium chloride
.Whenaglass/cottonwooldippedinammoniaandanotherglass/cottonwooldipped

inhydrochloricacidareplacedatoppositeendsofaglasstube,bothgasesdiffuse
towardseach other. A whitediskappearsnearto glass/cotton wooldipped in
hydrochloricacid.Thisisbecausehydrogenchlorideisheavier/denserthanAmmonia
andthusitsrateofdiffusionislower.

TherateofdiffusionofagasisinaccordancetoGrahamslawofdiffusion.Grahams
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lawstatesthat:
“therateofdiffusionofagasisinverselyproportionaltothesquarerootofitsdensity,
atthesame/constant/fixedtemperatureandpressure”
Mathematically

R α 1 andsincedensityisproportionaltomassthen Rα 1
√p √m

Fortwogasesthen:

R1 = R2 where:R1andR2istherateofdiffusionof1stand2ndgas.

√M2 √M1 M1andM2isthemolarmassof1stand2ndgas.

Sincerateisinverseoftime.i.e.thehighertheratethelessthetime:

Fortwogasesthen:

T1 =T2where:T1andT2isthetimetakenfor1stand2ndgastodiffuse.

√M1 √M2 M1andM2isthemolarmassof1stand2ndgas.

Practiceexamples:
1.Ittakes30secondsfor100cm3ofcarbon(IV)oxidetodiffuseacrossaporousplate.
How longwillittake150cm3ofnitrogen(IV)oxidetodiffuseacrossthesameplate
underthesameconditionsoftemperatureandpressure.(C=12.0,N=14.0=16.0)

MolarmassCO2=44.0 MolarmassNO2=46.0
Method1

100cm3CO2 takes 30seconds
150cm3 takes 150x30 =45seconds

100

TCO2 = √molarmassCO2 =>45seconds = √44.0
TNO2 √molarmassNO2 TNO2 √46.0

TNO2=45secondsx√46.0 =46.0114seconds
√44.0

Method2
100cm3CO2 takes 30seconds
1cm3 takes 100x1 = 3.3333cm3sec-1

30
RCO2 = √molarmassNO2 =>3.3333cm3sec-1 = √46.0
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RNO2 √molarmassCO2 RNO2 √44.0

RNO2=3.3333cm3sec-1x√44.0 = 3.2601cm3sec-1

√46.0

3.2601cm3 takes 1seconds
150cm3 take 150cm3 = 46.0109seconds

3.2601cm3

2.How longwould 200cm3 ofHydrogenchloridetaketodiffusethroughaporous
plugifcarbon(IV)oxidetakes200secondstodiffusethrough.

MolarmassCO2=44g MolarmassHCl=36.5g
TCO2 = √molarmassCO2 =>200seconds = √44.0
THCl √molarmassHCl THCl √36.5

THCl=200secondsx√36.5 =182.1588seconds
√44.0

3.Oxygengastakes250secondstodiffusethroughaporousdiaphragm.Calculate
themolarmassofgasZwhichtakes227secondtodiffuse.

MolarmassO2=32g MolarmassZ=xg
TO2 = √molarmassO2 => 250seconds = √32.0
TZ √molarmassZ 227seconds √ x

√x=227secondsx√32 =26.3828grams
250

4.25cm3ofcarbon(II)oxidediffusesacrossaporousplatein25seconds.How long
willittake75cm3ofCarbon(IV)oxidetodiffuseacrossthesameplateunderthesame
conditionsoftemperatureandpressure.(C=12.0,0=16.0)

MolarmassCO2=44.0 MolarmassCO=28.0
Method1

25cm3CO takes 25seconds
75cm3 takes 75x25 =75seconds

25

TCO2 = √molarmassCO2 =>TCO2seconds = √44.0
TCO √molarmassCO 75 √28.0

TCO2=75secondsx√44.0 =94.0175seconds
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√28.0

Method2
25cm3CO2 takes 25seconds
1cm3 takes 25x1 = 1.0cm3sec-1

25
RCO2 = √molarmassCO => xcm3sec-1 = √28.0
RCO √molarmassCO2 1.0cm3sec-1 √44.0

RCO2=1.0cm3sec-1x√28.0 = 0.7977cm3sec-1

√44.0

0.7977cm3 takes 1seconds
75cm3 takes 75cm3 = 94.0203seconds

0.7977cm3

(b)Introductiontothemole,molarmassesandRelativeatomicmasses

1.ThemoleistheSIunitoftheamountofsubstance.
2.Thenumberofparticlese.g.atoms,ions,molecules,electrons,cows,carsareall
measuredintermsofmoles.
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3.ThenumberofparticlesinonemoleiscalledtheAvogadrosConstant.Itisdenoted
“L”.
TheAvogadrosConstantcontain6.023x1023particles.i.e.

1mole=6.023x1023particles =6.023x1023

2moles=2x6.023x1023particles =1.205x1024

0.2moles=0.2x6.023x1023particles =1.205x1022

0.0065moles=0.0065x6.023x1023particles =3.914x1021

3.Themassofonemoleofasubstanceiscalledmolarmass.Themolarmassof:
(i)anelementhasmassequaltorelativeatomicmass/RAM(ingrams)oftheelement

e.g.
Molarmassofcarbon(C)=relativeatomicmass=12.0g

6.023x1023particlesofcarbon=1mole=12.0g

Molarmassofsodium(Na)=relativeatomicmass=23.0g
6.023x1023particlesofsodium =1mole=23.0g

MolarmassofIron(Fe)=relativeatomicmass=56.0g
6.023x1023particlesofiron=1mole=56.0g

(ii)amoleculehasmassequaltorelativemolecularmass/RMM (ingrams)ofthe
molecule.Relativemolecularmass isthesum oftherelativeatomicmassesofthe
elementsmakingthemolecule.
Thenumberofatomsmakingamoleculeiscalledatomicity.Mostgaseousmolecules
arediatomic(e.g.O2,H2,N2,F2,Cl2,Br2,I2)noblegasesaremonoatomic(e.g.He,Ar,Ne,
Xe),Ozonegas(O3)istriatomice.g.

MolarmassOxygenmolecule(O2)=relativemolecularmass=(16.0x2)g=32.0g
6.023x1023particlesofOxygenmolecule=1mole=32.0g

Molarmasschlorinemolecule(Cl2)=relativemolecularmass=(35.5x2)g=71.0g
6.023x1023particlesofchlorinemolecule=1mole=71.0g

MolarmassNitrogenmolecule(N2)=relativemolecularmass=(14.0x2)g=28.0g
6.023x1023particlesofNitrogenmolecule=1mole=28.0g

(ii)acompoundhasmassequaltorelativeformularmass/RFM (ingrams)ofthe
molecule.Relativeformularmass isthesum oftherelativeatomicmassesofthe
elementsmakingthecompound.e.g.

(i)MolarmassWater(H2O)=relativeformularmass=[(1.0x2)+16.0]g=18.0g
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6.023x1023particlesofWatermolecule=1mole=18.0g
6.023x1023particlesofWatermoleculehas:

-2x6.023x1023particlesofHydrogenatoms
-1x6.023x1023particlesofOxygenatoms

(ii)Molarmasssulphuric(VI)acid(H2SO4)=relativeformularmass
=[(1.0x2)+32.0+(16.0x4)]g=98.0g

6.023x1023particlesofsulphuric(VI)acid(H2SO4)=1mole=98.0g
6.023x1023particlesofsulphuric(VI)acid(H2SO4)has:

-2x6.023x1023particlesofHydrogenatoms
-1x6.023x1023particlesofSulphuratoms
-4x6.023x1023particlesofOxygenatoms

(iii)Molarmasssodium carbonate(IV)(Na2CO3)=relativeformularmass
=[(23.0x2)+12.0+(16.0x3)]g=106.0g

6.023x1023particlesofsodium carbonate(IV)(Na2CO3)=1mole=106.0g
6.023x1023particlesofsodium carbonate(IV)(Na2CO3)has:

-2x6.023x1023particlesofSodium atoms
-1x6.023x1023particlesofCarbonatoms
-3x6.023x1023particlesofOxygenatoms

(iv)MolarmassCalcium carbonate(IV)(CaCO3)=relativeformularmass
=[(40.0+12.0+(16.0x3)]g=100.0g.

6.023x1023particlesofCalcium carbonate(IV)(CaCO3)=1mole=100.0g
6.023x1023particlesofCalcium carbonate(IV)(CaCO3)has:

-1x6.023x1023particlesofCalcium atoms
-1x6.023x1023particlesofCarbonatoms
-3x6.023x1023particlesofOxygenatoms

(v)MolarmassWater(H2O)=relativeformularmass
=[(2x1.0)+16.0]g=18.0g

6.023x1023particlesofWater(H2O)=1mole=18.0g
6.023x1023particlesofWater(H2O)has:

-2x6.023x1023particlesofHydrogenatoms
-2x6.023x1023particlesofOxygenatoms

Practice
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1.Calculatethenumberofmolespresentin:
(i)0.23gofSodium atoms

MolarmassofSodium atoms=23g
Moles= massingrams =>0.23g = 0.01moles

Molarmass 23

(ii)0.23gofChlorineatoms

MolarmassofChlorineatoms=35.5g
Moles= massingrams =>0.23g =0.0065moles/6.5x10-3moles

Molarmass 35.5

(iii)0.23gofChlorinemolecules

MolarmassofChlorinemolecules=(35.5x2)=71.0g
Moles= massingrams =>0.23g =0.0032moles/3.2x10-3moles

Molarmass 71

(iv)0.23gofdilutesulphuric(VI)acid
MolarmassofH2SO4=[(2x1)+32+(4x14)]=98.0g
Moles=massingrams =>0.23g =0.0023moles/2.3x10-3moles

Molarmass 98

2.Calculatethenumberofatomspresentin:(AvogadrosconstantL=6.0x1023)
(i)0.23gofdilutesulphuric(VI)acid

MethodI
MolarmassofH2SO4=[(2x1)+32+(4x14)]=98.0g
Moles=massingrams =>0.23g =0.0023moles/2.3x10-3moles

Molarmass 98

1molehas6.0x1023atoms
2.3x10-3moleshas (2.3x10-3x6.0x1023)= 1.38x1021atoms

1
MethodII
MolarmassofH2SO4=[(2x1)+32+(4x14)]=98.0g
98.0g=1molehas6.0x1023atoms
0.23gthereforehas (0.23gx6.0x1023) = 1.38x1021atoms

98
(ii)0.23gofsodium carbonate(IV)decahydrate

MolarmassofNa2CO3.10H2O=
[(2x23)+12+(3x16)+(10x1.0)+(10x16)]=276.0g

MethodI
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Moles=massingrams =>0.23g = 0.00083moles/
Molarmass 276 8.3x10-4moles

1molehas6.0x1023atoms
8.3x10-4moleshas (8.3x10-4molesx6.0x1023)= 4.98x1020atoms

1
MethodII

276.0g=1molehas6.0x1023atoms
0.23gthereforehas (0.23gx6.0x1023) = 4.98x1020atoms

276.0
(iii)0.23gofOxygengas

MolarmassofO2=(2x16)=32.0g

MethodI
Moles=massingrams =>0.23g = 0.00718moles/

Molarmass 32 7.18x10-3moles

1molehas2x6.0x1023atomsinO2

7.18x10-3moleshas(7.18x10-3molesx2x6.0x1023)=8.616x1021atoms
1

MethodII
32.0g=1molehas2x6.0x1023atomsinO2

0.23gthereforehas (0.23gx2x6.0x1023) = 8.616x1021atoms
32.0

(iv)0.23gofCarbon(IV)oxidegas

MolarmassofCO2=[12+(2x16)]=44.0g
MethodI

Moles=massingrams =>0.23g = 0.00522moles/
Molarmass 44 5.22x10-3moles

1molehas3x6.0x1023atomsinCO2

7.18x10-3moleshas(5.22x10-3molesx3x6.0x1023)=9.396x1021atoms
1

MethodII
44.0g=1molehas3x6.0x1023atomsinCO2

0.23gthereforehas (0.23gx3x6.0x1023) = 9.409x1021atoms
44.0
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(c)Empiricalandmolecularformula

1.Theempiricalformulaofacompoundisitssimplestformula.Itisthesimplestwhole
numberratiosinwhichatomsofelementscombinetoform thecompound.2.Itis
mathematicallythelowestcommonmultiple(LCM)oftheatomsoftheelementsinthe
compound
3.Practicallythe empiricalformula ofa compound can be determined asin the
followingexamples.

Todeterminetheempiricalformulaofcopperoxide

(a)Method1:From coppertocopper(II)oxide
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Procedure.
Weighacleandrycoveredcrucible(M1).Puttwospatulafullofcopperpowderintothe
crucible.Weighagain(M2).HeatthecrucibleonastrongBunsenflameforfiveminutes.
Liftthelid,andswirlthecruciblecarefullyusingapairoftong.Coverthecrucibleand
continueheatingforanotherfiveminutes.Removethelidandstopheating.Allowthe
crucibletocool.Whencoolreplacethelidandweighthecontentsagain(M3).

Sampleresults

Massofcrucible(M1) 15.6g
Massofcrucible+copperbeforeheating(M2) 18.4
Massofcrucible+copperafterheating(M3) 19.1

Samplequestions

1.Calculatethemassofcopperpowderused.
Massofcrucible+copperbeforeheating(M2) = 18.4
Less Massofcrucible(M1) =-15.6g
Massofcopper 2.8g

2.CalculatethemassofOxygenusedtoreactwithcopper.
MethodI

Massofcrucible+copperafterheating(M3) = 19.1g
Massofcrucible+copperbeforeheating(M2) =-18.4g

MassofOxygen = 0.7g
MethodII

Massofcrucible+copperafterheating(M3) = 19.1g
Massofcrucible = -15.6g
Massofcopper(II)Oxide = 3.5g

Massofcopper(II)Oxide = 3.5g
Massofcopper = -2.8g
MassofOxygen = 0.7g

3.Calculatethenumberofmolesof:
(i)copperused(Cu=63.5)
numberofmolesofcopper=massused => 2.8 = 0.0441moles

Molarmass 63.5
(ii)Oxygenused(O=16.0)
numberofmolesofoxygen=massused => 0.7 = 0.0441moles

Molarmass 16.0
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4.Determinethemoleratioofthereactants
Molesofcopper =0.0441moles = 1 =>MoleratioCu:O=1:1
Molesofoxygen 0.0441moles 1

5.Whatistheempirical,formulaofcopperoxideformed.
CuO(copper(II)oxide

6.Stateandexplaintheobservationsmadeduringtheexperiment.
Observation

Colourchangefrom browntoblack
Explanation

Copperpowderisbrown.Onheatingitreactswithoxygenfrom theairtoform
blackcopper(II)oxide

7.Explain why magnesium ribbon/shavings would be unsuitable in a similar
experimentastheoneabove.
Hotmagnesium generatesenoughheatenergytoreactwithbothOxygenandNitrogen
intheairformingawhitesolidmixtureofMagnesium oxideandmagnesium nitride.
Thiscausesexperimentalmasserrors.

(b)Method2:From copper(II)oxidetocopper
Procedure.
Weighacleandryporcelainboat(M1).Puttwospatulafullofcopper(II)oxidepowder
intothecrucible.Reweightheporcelainboat(M2).Puttheporcelainboatinaglasstube
andsetuptheapparatusasbelow;
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Passslowly(topreventcopper(II)oxidefrom beingblownaway)astream ofeitherdry
Hydrogen/ammonia/laboratorygas/carbon(II)oxidegasforabouttwominutesfrom a
suitablegenerator.
Whenalltheintheapparatussetupisdrivenout,heatthecopper(II)oxidestronglyfor
aboutfiveminutesuntilthereisnofurtherchange.Stopheating.
Continuepassingthegasesuntiltheglasstubeiscool.
Turnoffthegasgenerator.
Carefullyremovetheporcelainboatform thecombustiontube.
Reweigh(M3).

Sampleresults

Massofboat(M1) 15.6g
Massofboatbeforeheating(M2) 19.1
Massofboatafterheating(M3) 18.4

Samplequestions

1.Calculatethemassofcopper(II)oxideused.
Massofboatbeforeheating(M2) = 19.1
Massofemptyboat(M1) =-15.6g
Massofcopper(II)Oxide 3.5g

2.Calculatethemassof
(i)Oxygen.

Massofboatbeforeheating(M2) = 19.1
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Massofboatafterheating(M3) =-18.4g
Massofoxygen = 0.7g

(ii)Copper
Massofcopper(II)Oxide = 3.5g
Massofoxygen = 0.7g
Massofoxygen = 2.8g

3.Calculatethenumberofmolesof:
(i)Copperused(Cu=63.5)
numberofmolesofcopper=massused => 2.8 = 0.0441moles

Molarmass 63.5
(ii)Oxygenused(O=16.0)
numberofmolesofoxygen=massused => 0.7 = 0.0441moles

Molarmass 16.0

4.Determinethemoleratioofthereactants
Molesofcopper =0.0441moles = 1 =>MoleratioCu:O=1:1
Molesofoxygen 0.0441moles 1

5.Whatistheempirical,formulaofcopperoxideformed.
CuO(copper(II)oxide

6.Stateandexplaintheobservationsmadeduringtheexperiment.
Observation

Colourchangefrom blacktobrown
Explanation

Copper(II)oxidepowderisblack.Onheatingitisreducedbyasuitablereducing
agenttobrowncoppermetal.

7.Explainwhymagnesium oxidewouldbeunsuitableinasimilarexperimentasthe
oneabove.
Magnesium ishighinthereactivityseries.Noneoftheabovereducingagentsisstrong
enoughtoreducetheoxidetothemetal.

8.Writetheequationforthereactionthatwouldtakeplacewhenthereducingagentis:

(i)Hydrogen
CuO(s) + H2(g) -> Cu(s) +H2O(l)
(Black) (brown) (colourlessliquidform

oncoolerparts)
(ii)Carbon(II)oxide

CuO(s) + CO(g) -> Cu(s) +CO2(g)
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(Black) (brown) (colourlessgas,form
whitepptwithlimewater)

(iii)Ammonia
3CuO(s) + 2NH3(g) -> 3Cu(s) + N2(g)+ 3H2O(l)

(Black) (brown) (colourlessliquidform
oncoolerparts)

9.Explainwhythefollowingisnecessaryduringtheaboveexperiment;

(i)Astream ofdryhydrogengasshouldbepassedbeforeheatingcopper(II)
Oxide.
Aircombinewithhydrogeninpresenceofheatcausinganexplosion

(ii)Astream ofdryhydrogengasshouldbepassedafterheatingcopper(II)Oxide
hasbeenstopped.
Hotmetalliccoppercanbere-oxidizedbacktocopper(II)oxide

(iii)Astream ofexcesscarbon(II)oxidegasshouldbeignitedtoburn

Carbon(II)oxideishighlypoisonous/toxic.Onignitionitburnstoform lesstoxic

carbon(IV)oxidegas.

10.Statetwosourcesoferrorinthisexperiment.

(i)Allcopper(II)oxidemaynotbereducedtocopper.
(ii)Somecopper(II)oxidemaybeblownouttheboatbythereducingagent.

4.Theoreticalytheempiricalformulaofacompoundcanbedeterminedasinthe
followingexamples.

(a)Aoxideofcoppercontain80%bymassofcopper.Determineitsempiricalformula.
(Cu=63.5,16.0)

%ofOxygen=100%-%ofCopper=>100-80 =20%ofOxygen

Element Copper Oxygen
Symbol Cu O
Molespresent= %composition

Molarmass
80

63.5
20
16

Dividebythesmallestvalue 1.25
1.25

1.25
1.25



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 21

Moleratios 1 1

Empiricalformula isCuO

(b)1.60gofanoxideofMagnesium contain0.84gbymassofMagnesium.Determine
itsempiricalformula(Mg=24.0,16.0)

MassofOxygen=1.60– 0.84=>0.56gofOxygen

Element Magnesium Oxygen
Symbol Mg O
Molespresent= %composition

Molarmass
0.84
24

0.56
16

Dividebythesmallestvalue 0.35
0.35

0.35
0.35

Moleratios 1 1
Empiricalformula isMgO

(c)AnoxideofSiliconcontain47%bymassofSilicon.Whatisitsempiricalformula(Si
=28.0,16.0)

MassofOxygen=100– 47=>53%ofOxygen

Element Silicon Oxygen
Symbol Si O
Molespresent= %composition

Molarmass
47
28

53
16

Dividebythesmallestvalue 1.68
1.68

3.31
1.68

Moleratios 1 1.94 =2
Empiricalformula isSiO2

(d)Acompound contain70%bymassofIronand30%Oxygen.Whatisitsempirical
formula(Fe=56.0,16.0)

MassofOxygen=100– 47=>53%ofOxygen

Element Silicon Oxygen
Symbol Si O
Molespresent= %composition

Molarmass
47
28

53
16
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Dividebythesmallestvalue 1.68
1.68

3.31
1.68

Moleratios 1 1.94 =2

Empiricalformula isSiO2

2.Duringheatingofahydratedcopper(II)sulphate(VI)crystals,thefollowingreadings
wereobtained:
Massofevaporatingdish=300.0g
Massofevaporatingdish+hydratedsalt=305.0g
Massofevaporatingdish+anhydroussalt=303.2g
Calculate the numberofwaterofcrystallization molecules in hydrated copper
(II)sulphate(VI)
(Cu=64.5,S=32.0,O=16.0,H=1.0)
Working
MassofHydratedsalt=305.0g-300.0g=5.0g
Massofanhydroussalt=303.2g-300.0g=3.2g
Massofwaterinhydratedsalt=5.0g-3.2g=1.8g
Molarmassofwater(H2O)=18.0g
Molarmassofanhydrouscopper(II)sulphate(VI)(CuSO4)=160.5g
Element/compound anhydrouscopper(II)

sulphate(VI)
Oxygen

Symbol CuSO4 O
Molespresent= compositionby
mass

Molarmass

3,2
160.5

1.8
18

Dividebythesmallestvalue 0.0199
0.0199

0.1
18

Moleratios 1 5

Theempiricalformulaofhydratedsalt=CuSO4.5H2O
Hydratedsalthasfive/5moleculesofwaterofcrystallizations

4.Themolecularformulaistheactualnumberofeachkindofatomspresentina
moleculeofacompound.

Theempiricalformulaofanioniccompoundisthesameasthechemicalformulabut
forsimplemolecularstructuredcompounds,theempiricalformulamaynotbethe
sameasthechemicalformula.

Themolecularformulaisamultipleofempiricalformula.Itisdeterminedfrom the
relationship:
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(i) n= Relativeformularmass
Relativeempiricalformula

wherenisawholenumber.

(ii)Relativeempiricalformulaxn=Relativeformularmass
wherenisawholenumber.

Practicesampleexamples

1.Ahydrocarbonwasfoundtocontain92.3%carbonandtheremainingHydrogen.
Ifthemolecularmassofthecompoundis78,determinethemolecularformula(C=12.0,
H=1.0)

MassofHydrogen=100– 92.3=>7.7%ofOxygen

Element Carbon Hydrogen
Symbol C H
Molespresent= %composition

Molarmass
92.3
12

7.7
1

Dividebythesmallestvalue 7.7
7.7

7.7
7.7

Moleratios 1 1

Empiricalformula isCH
Themolecularformularisthusdetermined:

n= Relativeformularmass = 78 = 6
Relativeempiricalformula 13

Themolecularformulais (CH)x6 =C6H6

2.Acompoundofcarbon,hydrogenandoxygencontain54.55% carbon,9.09% and
remaining36.36%oxygen.
Ifitsrelativemolecularmassis88,determineitsmolecularformula(C=12.0,H=1.0,O=
16.0)

Element Carbon Hydrogen Oxygen
Symbol C H O
Molespresent= %composition

Molarmass
54.55
12

9.09
1

36.36
16

Dividebythesmallestvalue 4.5458 9.09 2.2725
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2.2725 2.2725 2.2725
Moleratios 2 4 1

Empiricalformula isC2H4O
Themolecularformulaisthusdetermined:

n= Relativeformularmass = 88 = 2
Relativeempiricalformula 44

Themolecularformulais (C2H4O)x2 =C4H8O2.

4.Ahydrocarbonburnscompletelyinexcessairtoform 5.28gofcarbon(IV)oxideand
2,16gofwater.
Ifthemolecularmassofthehydrocarbonis84,draw andnameits molecular

structure.

SinceahydrocarbonisacompoundcontainingCarbonandHydrogenonly.Then:
MassofcarboninCO2= MassofCinCO2 x massofCO2=>

MolarmassofCO2

12 x 5.28 = 1.44g√
44

MassofHydrogeninH2O= MassofCinH2O x massofH2O=>
MolarmassofH2O

2 x 2.16 = 0.24g√
18

Element Carbon Hydrogen
Symbol C H
Molespresent= mass

Molarmass
1.44g
12

0.24g√
1

Dividebythesmallestvalue 0.12
0.12

0.24
0.12

Moleratios 1 2√
Empiricalformula isCH2√
Themolecularformularisthusdetermined:

n= Relativeformularmass = 84 = 6√
Relativeempiricalformula 14

Themolecularformulais (CH2)x6 =C6H12.√
molecularname Hexene√/Hex-1-ene (oranypositionisomerofHexene)
Molecularstructure
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H H H H H H

H C C C C C C H√

H H H H
5.CompoundAcontain5.2% bymassofNitrogen.Theotherelementspresentare
Carbon,hydrogenandOxygen.Oncombustionof0.085gofAinexcessOxygen,0.224g
ofcarbon(IV)oxideand0.0372gofwaterwasformed.Determinetheempiricalformula
ofA(N=14.0,O=16.0,C=12.0,H=1.0)

MassofNinA = 5.2% x 0.085 = 0.00442g

MassofCinA = 12 x 0.224 =0.0611g
44

MassofHinA = 2 x 0.0372 =0.0041g
18

MassofOinA =0.085g– 0.004442g = 0.0806g(MassofC,H,O)
=>0.0611g+0.0041g = 0.0652g(MassofC,H)
0.0806g(MassofC,H,O)-0.0652g(MassofC,H)=0.0154g

Element Nitrogen Carbon Hydrogen Oxygen
Symbol N C H O
Molespresent= mass

Molarmass
0.00442g
14

0.0611g
12

0.0041g
1

0.0154
g 16

Dividebythesmallestvalue 0.00032
0.00032

0.00509
0.00032

0.0041g
0.00032

0.00096
0.00032

Moleratios 1 16 13 3

Empiricalformula=C16H13NO3

(d)Molargasvolume

Thevolumeoccupiedbyonemoleofallgasesatthesametemperatureandpressure
isaconstant.Itis:
(i)24dm3/24litres/24000cm3atroom temperature(25oC/298K)andpressure(r.t.p).

i.e.1moleofallgases=24dm3/24litres/24000cm3atr.t.p
Examples

1moleofO2=32g=6.0x1023particles=24dm3/24litres/24000cm3atr.t.p
1moleofH2=2g=6.0x1023particles=24dm3/24litres/24000cm3atr.t.p
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1moleofCO2=44g=6.0x1023particles=24dm3/24litres/24000cm3atr.t.p
1moleofNH3=17g=6.0x1023particles=24dm3/24litres/24000cm3atr.t.p
1moleofCH4=16g=6.0x1023particles=24dm3/24litres/24000cm3atr.t.p

(ii)22.4dm3/22.4litres/22400cm3 at standard temperature(0oC/273K) and
pressure(s.t.p)

i.e.1moleofallgases=22.4dm3/22.4litres/22400cm3ats.t.p
Examples

1moleofO2=32g=6.0x1023particles=22.4dm3/22.4litres/22400cm3ats.t.p
1moleofH2=2g=6.0x1023particles=22.4dm3/22.4litres/22400cm3ats.t.p
1moleofCO2=44g=6.0x1023particles=22.4dm3/22.4litres/22400cm3ats.t.p
1moleofNH3=17g=6.0x1023particles=22.4dm3/22.4litres/22400cm3ats.t.p
1moleofCH4=16g=6.0x1023particles=22.4dm3/22.4litres/22400cm3ats.t.p
Thevolumeoccupiedbyonemoleofagasatr.t.pors.t.piscommonlycalledthe
molargasvolume.Whetherthemolargasvolumeisatr.t.pors.t.pmustalwaysbe
specified.
From theabovethereforealessormorevolumecanbedeterminedasintheexamples
below.

Practiceexamples
1.Calculatethenumberofparticlespresentin:

(Avogadrosconstant=6.0x1023mole-1)

(i)2.24dm3ofOxygen.

22.4dm3 -> 6.0x1023

2.24dm3 -> 2.24x6.0x1023

22.4

=6.0x1022 molecules=2x6.0x1022. = 1.2x1023atoms

(ii)2.24dm3ofCarbon(IV)oxide.
22.4dm3 -> 6.0x1023

2.24dm3 -> 2.24x6.0x1023

22.4
=6.0x1022 molecules=(CO2)=3x6.0x1022. = 1.8x1023atoms

2.0.135gofagaseoushydrocarbonXoncompletecombustionproduces0.41gof
carbon(IV)oxideand0.209gofwater.0.29gofXoccupy120cm3atroom temperature
and1atmospherepressure.NameX anddraw itsmolecularstructure.(C=12.0,O=
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16.O,H=1.0,1moleofgasoccupies24dm3atr.t.p)
MolarmassCO2=44gmole-1√ MolarmassH2O=18gmole-1√
MolarmassX= 0.29x(24x1000)cm3=58gmole-1√

120cm3
SinceahydrocarbonisacompoundcontainingCarbonandHydrogenonly.Then:
MassofcarboninCO2= MassofCinCO2 x massofCO2=>

MolarmassofCO2

12 x 0.41 = 0.1118g√
44

MassofHydrogeninH2O= MassofCinH2O x massofH2O=>
MolarmassofH2O

2 x 0.209 = 0.0232g√
18

Element Carbon Hydrogen
Symbol C H
Molespresent= %composition

Molarmass
0.g118
12

0.0232g√
1

Dividebythesmallestvalue 0.0093
0.0093

0.0232
0.0093√

Moleratios 1x2 2.5x2
2 5√

Empiricalformula isC2H5√
Themolecularformularisthusdetermined:

n= Relativeformularmass = 58 = 2√
Relativeempiricalformula 29

Themolecularformulais (C2H5)x2 =C4H10.√
MoleculenameButane
Moleculastructure

H H H H

H C C C C H√

H H H H
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(e)Gravimetricanalysis

Gravimetricanalysisistherelationshipbetweenreactingmassesandthevolumesand
/ormasses ofproducts.Allreactants are in mole ratios to theirproducts in
accordancetotheirstoichiometricequation.Usingthemolerationofreactantsand
productsanyvolumeand/ormasscanbedeterminedasintheexamples:

1.Calculatethevolumeofcarbon(IV)oxideatr.t.pproducedwhen5.0gofcalcium
carbonateisstronglyheated.(Ca=40.0,C=12.0,O=16.0,1moleofgas=22.4atr.t.p)
Chemicalequation

CaCO3(s) -> CaO(s) + CO2(g)
Moleratios 1: 1: 1

MolarMassCaCO3 =100g
Method1

100gCaCO3(s) ->24dm3CO2(g)atr.t.p
5.0gCaCO3(s) -> 5.0gx24dm3 =1.2dm3/1200cm3

100g

Method2
Molesof5.0gCaCO3(s)=5.0g =0.05moles

100g
Moleratio1:1
MolesofCO2(g)=0.05moles
VolumeofCO2(g)=0.05x24000cm3=1200cm3/1.2dm3

2.1.0gofanalloyofaluminium andcopperwerereactedwithexcesshydrochloricacid.
If840cm3ofhydrogenats.t.pwasproduced,calculatethe%ofcopperinthealloy.(Al
=27.0,onemoleofagasats.t.p=22.4dm3)

Chemicalequation
Copperdoesnotreactwithhydrochloricacid

2Al(s)+ 6HCl(aq)->2AlCl3(aq)+3H2(g)
Method1

3H2(g)=3molesx(22.4x1000)cm3=>2x27gAl
840cm3 =>840cm3x2x27=0.675gofAluminium

3x22.4x1000
Totalmassofalloy–massofaluminium =massofcopper

=>1.0g-0.675g=0.325gofcopper
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%copper = massofcopperx100% = 32.5%
Massofalloy

Method2
Moleratio2Al:3H2 =2:3
MolesofHydrogengas= volumeofgas => 840cm3= 0.0375moles

Molargasvolume 22400cm3

MolesofAl =2/3molesofH2 => 2/3x0.0375moles=0.025moles

MassofAl=molesxmolarmass=>0.025molesx27=0.675g

Totalmassofalloy–massofaluminium =massofcopper
=>1.0g-0.675g=0.325gofcopper

%copper = massofcopperx100% = 32.5%
Massofalloy

(f)GayLussac’slaw

GayLussacslawstatesthat“whengasescombine/reacttheydosoinsimplevolume
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ratiostoeachotherandtotheirgaseousproductsatconstant/sametemperatureand
pressure”
GayLussacslawthusonlyapplytogases
Giventhevolumeofonegasreactant,theothergaseousreactantscanbededuced
thus:

Examples
1.Calculate the volume ofOxygen required to completelyreactwith 50cm3 of
Hydrogen.
Chemicalequation:2H2(g)+ O2(g) -> 2H2O(l)
Volumeratios 2 : 1 : 0
Reactingvolumes 50cm3 : 25cm3

50cm3ofOxygenisused

2.Calculate the volume ofairrequired to completely reacts with 50cm3 of
Hydrogen.(assumeOxygenis21%byvolumeofair)

Chemicalequation:2H2(g)+ O2(g) -> 2H2O(l)
Volumeratios 2 : 1 : 0
Reactingvolumes 50cm3 : 25cm3

50cm3ofOxygenisused
21% = 25cm3
100% = 100x25 =

21

3.If5cm3 ofa hydrocarbon CxHy burn in 15cm3 ofOxygen to form 10cm3 of
Carbon(IV)oxide and 10cm3 ofwatervapour/steam,obtain the equation forthe
reactionandhencefindthevalueofxandyinCxHy.

Chemicalequation: CxHy(g) + O2(g) -> H2O(g)+CO2(g)
Volumes 5cm3 : 15cm3 : 10cm3:10cm3
Volumeratios 5cm3 : 15cm3 : 10cm3 : 10cm3
(dividebylowestvolume)5 5 5 5
Reactingvolumeratios 1volume 3volume 2volume2volume

Balancedchemicalequation: CxHy(g)+ 3O2(g)-> 2H2O(g)+2CO2(g)
If“4H”arein2H2O(g)they=4
If“2C”arein2CO2(g)thex=2
Thus(i)chemicalformulaofhydrocarbon=C2H4

(ii)chemicalnameofhydrocarbon=Ethene
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4.100cm3ofnitrogen(II)oxideNOcombinewith50cm3ofOxygentoform 100cm3of
a single gaseous compound ofnitrogen.Allvolumes measured atthe same
temperatureandpressure.Obtaintheequationforthereactionandnamethegaseous
product.

Chemicalequation: NO(g) + O2(g) -> NOx

Volumes 100cm3 : 50cm3 : 100
Volumeratios 100cm3 : 50cm3 : 100cm3 (divideby
lowestvolume)50 50 50
Reactingvolumeratios 2volume 1volume 2volume

Balancedchemicalequation: 2NO(g)+ O2(g)-> 2NOx(g)
Thus(i)chemicalformulaofthenitrogencompound=2NO2

(ii)chemicalnameofcompound=Nitrogen(IV)oxide

5.When 15cm3 ofa gaseoushydrocarbon wasburntin 100cm3 ofOxygen ,the
resultinggaseousmixtureoccupied70cm3atroom temperatureandpressure.When
thegaseousmixturewaspassedthrough,potassium hydroxideitsvolumedecreased
to25cm3.
(a)WhatvolumeofOxygenwasusedduringthereaction.(1mk)

VolumeofOxygenused=100-25=75cm3√
(Pwascompletelyburnt)

(b)Determinethemolecularformulaofthehydrocarbon(2mk)
CxHy +O2 ->xCO2 + yH2O
15cm3:75cm3
15 15
1 :3√

=>1atom ofCreactwith6(3x2)atomsofOxygen
Thusx=1andy=2 =>PhasmoleculaformulaCH4√

(g)Ionicequations
Anionicequationisachemicalstatementshowingthemovementofions(cationsand
anions)from reactantstoproducts.
Solids,gasesandliquidsdonotionize/dissociateintofreeions.Onlyioniccompounds
inaqueous/solutionormoltenstateionize/dissociateintofreecationsandanions
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(ions)
Anionicequationisusuallyderivedfrom astoichiometricequationbyusingthe
followingguidelines

Guidelinesforwritingionicequations
1.Writethebalancedstoichiometricequation
2.Indicatethestatesymbolsofthereactantsandproducts
3.Splitintocationsandanionsallthereactantsandproductsthatexistinaqueous
state.
4.Canceloutanycationandanionthatappearonboththeproductandreactantside.
5.Rewritethechemicalequation.Itisanionicequation.

Practice
(a)Precipitationofaninsolublesalt

Allinsoluble salts are prepared in the laboratory from double decomposition
/precipitation.Thisinvolvesmixingtwosolublesaltstoform onesolubleandone
insolublesalt
1.Whensilvernitrate(V)solutionisaddedtosodium chloridesolution,sodium nitrate(V)
solutionandawhiteprecipitateofsilverchlorideareformed.

Balancedstoichiometricequation
AgNO3(aq)+ NaCl(aq) -> AgCl(s) + NaNO3(aq)

Splitreactantsproductexistinginaqueousstateascation/anion
Ag+(aq)+NO3

-(aq)+Na+(aq)+Cl-(aq) -> AgCl(s)+ Na+(aq)+NO3
-(aq)

Canceloutionsappearingonreactantandproductside
Ag+(aq)+NO3

-(aq)+Na+(aq)+Cl-(aq) -> AgCl(s)+ Na+(aq)+NO3
-(aq)

Rewritetheequation
Ag+(aq)+Cl-(aq)-> AgCl(s)(ionicequation)

2.When barium nitrate(V)solution is added to copper(II)sulphate(VI)solution,
copper(II)nitrate(V)solutionandawhiteprecipitateofbarium sulphate(VI)areformed.

Balancedstoichiometricequation

Ba(NO3)2(aq) + CuSO4(aq)->BaSO4(s) + Cu(NO3)2(aq)

Splitreactantsproductexistinginaqueousstateascation/anion
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Ba2+(aq)+2NO3
-(aq)+Cu2+(aq)+SO4

2-(aq)->BaSO4(s)+2NO3
-(aq)+Cu2+(aq)

Canceloutionsappearingonreactantandproductside
Ba2+(aq)+2NO3

-(aq)+Cu2+(aq)+SO4
2-(aq)->BaSO4(s)+2NO3

-(aq)+Cu2+(aq)

Rewritetheequation
Ba2+(aq)+SO4

2-(aq)->BaSO4(s)(ionicequation)

3.A yellow precipitate of Potassium Iodide is formed from the reaction of
Lead(II)nitrate(v)andpotassium iodide.
Balancedstoichiometricequation

Pb(NO3)2(aq) + 2KI(aq) ->PbI2(s) + 2KNO3 (aq)

Splitreactantsproductexistinginaqueousstateascation/anion
Pb2+(aq)+2NO3

-(aq)+2K+(aq)+2I-(aq)->PbI2(s)+2NO3
-(aq)+2K+(aq)

Canceloutionsappearingonreactantandproductside
Pb2+(aq)+2NO3

-(aq)+2K+(aq)+2I-(aq)->PbI2(s)+2NO3
-(aq)+2K+(aq)

Rewritetheequation
Pb2+(aq)+2I-(aq)-> PbI2(s)(ionicequation)

(b)Neutralization
Neutralizationisthereactionofanacidwithasolublebase/alkaliorinsolublebase.
(i)Reactionofalkaliswithacids
1.Reactionofnitric(V)acidwithpotassium hydroxide

Balancedstoichiometricequation

HNO3(aq) + KOH(aq) ->H2O(l) + KNO3 (aq)

Splitreactantsproductexistinginaqueousstateascation/anion
H+(aq)+NO3

-(aq)+K+(aq)+OH-(aq)->H2O(l)+NO3
-(aq)+K+(aq)

Canceloutionsappearingonreactantandproductside
H+(aq)+NO3

-(aq)+K+(aq)+OH-(aq)->H2O(l)+NO3
-(aq)+K+(aq)

Rewritetheequation
H+(aq)+OH-(aq)-> H2O(l)(ionicequation)
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2.Reactionofsulphuric(VI)acidwithammoniasolution

Balancedstoichiometricequation

H2SO4(aq)+ 2NH4OH(aq) ->H2O(l) + (NH4)2SO4 (aq)

Splitreactantsproductexistinginaqueousstateascation/anion
2H+(aq)+SO4

2-(aq)+2NH4
+(aq)+2OH-(aq)->2H2O(l)+SO4

2-(aq)+2NH4
+(aq)

Canceloutionsappearingonreactantandproductside
2H+(aq)+SO4

2-(aq)+2NH4
+(aq)+2OH-(aq)->2H2O(l)+SO4

2-(aq)+2NH4
+(aq)

Rewritetheequation
2H+(aq)+2OH-(aq)-> 2H2O(l)
H+(aq)+OH-(aq) -> H2O(l)(ionicequation)

3.ReactionofhydrochloricacidwithZinchydroxide

Balancedstoichiometricequation

2HCl(aq) + Zn(OH)2(s)->2H2O(l)+ ZnCl2 (aq)

Splitreactantsproductexistinginaqueousstateascation/anion
2H+(aq)+2Cl-(aq)+Zn(OH)2(s)->2H2O(l)+2Cl-(aq)+Zn2+(aq)

Canceloutionsappearingonreactantandproductside
2H+(aq)+2Cl-(aq)+Zn(OH)2(s)->2H2O(l)+2Cl-(aq)+Zn2+(aq)

Rewritetheequation
2H+(aq)+Zn(OH)2(s)->2H2O(l)+Zn2+(aq)(ionicequation)
(h)Molarsolutions

Amolarsolutionisonewhoseconcentrationisknown.TheSIunitofconcentrationis
MolaritydenotedM.
Molaritymaybedefinedasthenumberofmolesofsolutepresentinonecubic
decimeterofsolution.
Onecubicdecimeterisequaltoonelitreandalsoequalto1000cm3.
Thehigherthemolaritythehighertheconcentrationandthehigher/moresolutehas
beendissolvedinthesolventtomakeonecubicdecimeter/litre/1000cm3solution.

Examples
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2M sodium hydroxidemeans2molesofsodium hydroxidesoluteisdissolvedin
enoughwatertomakeonecubicdecimeter/litre/1000cm3uniform solutionmixtureof
sodium hydroxideandwater.
0.02M sodium hydroxidemeans0.02molesofsodium hydroxidesoluteisdissolvedin
enoughwatertomakeonecubicdecimeter/litre/1000cm3uniform solutionmixtureof
sodium hydroxideandwater.
“2M”ismoreconcentratedthan“0.02M”.

Preparationofmolarsolution

Procedure
Weighaccurately4.0gofsodium hydroxidepelletsintoa250cm3volumetric flask.
Usingawashbottleaddabout200cm3ofdistilledwater.
Stoppertheflask.
Shakevigorouslyforthreeminutes.
Removethestopperforasecondthencontinuetoshakeforaboutanothertwo
minutesuntilallthesolidhasdissolved.
Addmorewaterslowlyuptoexactlythe250cm3mark.

Samplequestions

1.Calculatethenumberofmolesofsodium hydroxidepelletspresentin:
(i)4.0g.

MolarmassofNaOH=(23+16+1)=40g
Moles=Mass => 4.0 = 0.1 /1.0x10-1moles

Molarmass 40

(ii)250cm3solutioninthevolumetricflask.

Molesin250cm3=0.1 /1.0x10-1moles

(iii)onedecimeterofsolution

Method1
Molesindecimeters=Molarity=Molesx1000cm3/1dm3

Volumeofsolution
=>1.0x10-1molesx1000cm3=

250cm3

=0.4M /0.4molesdm-3

Method2
250cm3solutioncontain1.0x10-1moles
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1000cm3solution=Molaritycontain1000x1.0x10-1moles
250cm3

=0.4M /0.4molesdm-3

Theoreticalsamplepractice

1.Calculatethemolarityofasolutioncontaining:
(i)4.0gsodium hydroxidedissolvedin500cm3solution

MolarmassofNaOH=(23+16+1)=40g

Moles=Mass => 4.0 = 0.1 /1.0x10-1moles
Molarmass 40

Method1
Molesindecimeters=Molarity=Molesx1000cm3/1dm3

Volumeofsolution
=>1.0x10-1molesx1000cm3

500cm3

=0.2M /0.2molesdm-3

Method2
500cm3solutioncontain1.0x10-1moles
1000cm3solution=Molaritycontain1000x1.0x10-1moles

500cm3
=0.2M /0.2molesdm-3

(ii)5.3ganhydroussodium carbonatedissolvedin50cm3solution
MolarmassofNa2CO3=(23x2+12+16x3)=106g

Moles=Mass => 5.3 = 0.05/5.0x10-2 moles
Molarmass 106

Method1
Molesindecimeters=Molarity=Molesx1000cm3/1dm3

Volumeofsolution
=>1.0molesx1000cm3=

50cm3

=1.0M

Method2
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50cm3solutioncontain5.0x10-2moles
1000cm3solution=Molaritycontain1000x5.0x10-2moles

50cm3
=1.0M /1.0molesdm-3

(iii)5.3ghydratedsodium carbonatedecahydratedissolvedin50cm3solution

MolarmassofNa2CO3.10H2O =(23x2+12+16x3+20x1+10x16)=286g

Moles=Mass => 5.3 = 0.0185/1.85x10-2 moles
Molarmass 286

Method1
Molesindecimeters=Molarity=Molesx1000cm3/1dm3

Volumeofsolution
=>1.85x10-2molesx1000cm3=

50cm3

=0.37M/0.37molesdm-3

Method2
50cm3solutioncontain1.85x10-2moles
1000cm3solution=Molaritycontain1000x1.85x10-2moles

50cm3
=3.7x10-1M /3.7x10-1molesdm-3

(iv)7.1 g ofanhydroussodium sulphate(VI)wasdissolved in 20.0 cm3 solution.
Calculatethemolarityofthesolution.
Method1

20.0cm3solution->7.1g
1000cm3solution-> 1000 x 71 = 3550gdm-3

20

MolarmassNa2SO4 =142g

Molesdm-3 = Molarity = Mass 3550=2.5M/molesdm-3

Molarmass 142

Method2
MolarmassNa2SO4 =142g

Moles=Mass => 7.1 = 0.05/5.0x10-2 moles
Molarmass 142

Method2(a)
Molesindecimeters=Molarity=Molesx1000cm3/1dm3

Volumeofsolution
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=>5.0x10-2 molesx1000cm3
20cm3

=2.5M/2.5molesdm-3

Method2(b)
20cm3solutioncontain5.0x10-2moles
1000cm3solution=Molaritycontain1000x5.0x10-2moles

20cm3
=2.5M/2.5molesdm-3

(iv)Thedensityofsulphuric(VI)is1.84gcm-3Calculatethemolarityoftheacid.
Method1

1.0cm3solution->1.84g
1000cm3solution-> 1000 x 1.84 = 1840gdm-3

1

MolarmassH2SO4 =98g

Molesdm-3 =Molarity=Mass =1840
Molarmass 98

=18.7755M/molesdm-3

Method2
MolarmassH2SO4 =98g

Moles=Mass => 1.84 = 0.0188/1.88x10-2 moles
Molarmass 98

Method2(a)
Molesindecimeters=Molarity=Molesx1000cm3/1dm3

Volumeofsolution
=>1.88x10-2 molesx1000cm3

1.0cm3
=18.8M/18.8molesdm-3

Method2(b)
20cm3solutioncontain1.88x10-2 moles
1000cm3solution=Molaritycontain1000x1.88x10-2 moles

1.0cm3
=18.8M/18.8molesdm-3

2.Calculatethemassof:
(i)25cm3of0.2M sodium hydroxidesolution(Na=23.0.O=16.0,H=1.0)
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MolarmassNaOH=40g
Molesin25cm3=Molarityxvolume =>0.2x 25=0.005/5.0x10-3moles

1000 1000

MassofNaOH=Molesxmolarmass=5.0x10-3 x 40=0.2g

(ii)20cm3of0.625M sulphuric(VI)acid(S=32.0.O=16.0,H=1.0)

MolarmassH2SO4=98g

Molesin20cm3=Molarityxvolume=>0.625x20=0.0125/1.25.0x10-3moles
1000 1000

MassofH2SO4=Molesxmolarmass=>5.0x10-3 x 40=0.2g

(iii)1.0cm3of2.5M Nitric(V)acid(N=14.0.O=16.0,H=1.0)

MolarmassHNO3=63g

Molesin1cm3=Molarityxvolume=>2.5x1=0.0025/2.5.x10-3moles
1000 1000

MassofHNO3=Molesxmolarmass=>2.5x10-3 x 40=0.1g

3.Calculatethevolumerequiredtodissolve:
(a)(i)0.25molesofsodium hydroxidesolutiontoform a0.8M solution

Volume(incm3)= molesx1000=>0.25x1000=312.5cm3
Molarity 0.8

(ii)100cm3wasaddedto thesodium hydroxidesolutionabove.Calculatethe
concentrationofthesolution.

C1xV1=C2xV2 where:
C1 = molarity/concentrationbeforediluting/addingwater
C2= molarity/concentrationafterdiluting/addingwater
V1= volumebeforediluting/addingwater
V2= volumeafterdiluting/addingwater

=>0.8M x312.5cm3 =C2 x(312.5+100)

C2=0.8M x312.5cm3=0.6061M
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412.5
(b)(ii)0.01M solutioncontaining0.01molesofsodium hydroxidesolution.

Volume(incm3)= molesx1000=>0.01x1000=1000cm3
Molarity 0.01

(ii)Determinethequantityofwaterwhichmustbeaddedtothesodium hydroxide
solutionabovetoform a0.008M solution.

C1xV1=C2xV2 where:
C1 = molarity/concentrationbeforediluting/addingwater
C2= molarity/concentrationafterdiluting/addingwater
V1= volumebeforediluting/addingwater
V2= volumeafterdiluting/addingwater

=>0.01M x1000cm3 =0.008 xV2

V2=0.01M x1000cm3=1250cm3
0.008

Volumeadded=1250-1000= 250cm3

(c)Volumetricanalysis/Titration

Volumetricanalysis/Titrationistheprocessofdeterminingunknownconcentrationof
onereactantfrom aknownconcentrationandvolumeofanother.
Reactionstakeplaceinsimplemoleratioofreactantsandproducts.
Knowingtheconcentration/volumeofonereactant,theothercanbedeterminedfrom
therelationship:

M1V1 =M2V2 where:
n1 n2

M1 =Molarityof1streactant
M2 =Molarityof2nd reactant
V1 =Volumeof1streactant
V1 =Volumeof2nd reactant
n1 =numberofmolesof1streactantfrom stoichiometricequation
n2 =numberofmolesof2ndreactantfrom stoichiometricequation

Examples
1.CalculatethemolarityofMCO3 if5.0cm3ofMCO3 reactwith25.0cm3of0.5M
hydrochloricacid.(C=12.0,O=16.0)

Stoichiometricequation:MCO3(s)+2HCl(aq)->MCl2(aq)+CO2(g)+H2O(l)
Method1



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 41

M1V1 =M2V2 -> M1 x5.0cm3=0.5M x25.0cm3
n1 n2 1 2

=>M1= 0.5x25.0x1= 1.25M /1.25moledm-3

5.0x2
Method2
MolesofHClused=molarityxvolume

1000
=>0.5 x 25.0=0.0125/1.25x10-2moles

1000

MoleratioMCO3:HCl=1:2
MolesMCO3=0.0125/1.25x10-2moles=0.00625/6.25x10-3moles

2

MolarityMCO3=molesx1000 => 0.00625/6.25x10-3 x1000
Volume 5

=1.25M /1.25moledm-3

2.2.0cm3of0.5M hydrochloricacidreactwith0.1M ofM2CO3.Calculatethevolumeof
0.1M M2CO3used.

Stoichiometricequation:M2CO3(aq)+2HCl(aq)->2MCl(aq)+CO2(g)+H2O(l)
Method1

M1V1 =M2V2 -> 0.5x2.0cm3=0.1M xV2cm3
n1 n2 2 1

=>V2= 0.5x2.0x1= 1.25M /1.25moledm-3

0.1x2
Method2
MolesofHClused=molarityxvolume

1000
=>0.5 x 2.0= 0.0125/1.25x10-2moles

1000

MoleratioM2CO3:HCl=1:2
MolesM2CO3= 0.0125/1.25 x 10-2moles= 0.00625/6.25x10-3moles

2

MolarityM2CO3=molesx1000 => 0.00625/6.25x10-3 x1000
Volume 5

=1.25M /1.25moledm-3
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3.5.0cm3of0.1M sodium iodidereactwith0.1M ofLead(II)nitrate(V).Calculate(i)the
volumeofLead(II)nitrate(V)used.

(ii)themassofLead(II)Iodideformed
(Pb=207.0,I=127.0)

Stoichiometricequation: 2NaI(aq)+Pb(NO3)2(aq)->2NaNO3(aq)+PbI2(s)

(i)VolumeofLead(II)nitrate(V)used

Method1

M1V1 =M2V2 -> 5x0.1cm3= 0.1M xV2cm3
n1 n2 2 1

=>V2= 0.1x5.0x1= 1.25M /1.25moledm-3

0.1x2

Method2
MolesofHClused=molarityxvolume

1000
=>0.1 x 5.0= 0.0125/1.25x10-2moles

1000

MoleratioM2CO3:HCl=1:2
MolesM2CO3= 0.0125/1.25 x 10-2moles= 0.00625/6.25x10-3moles

2

MolarityM2CO3=molesx1000 => 0.00625/6.25x10-3 x1000
Volume 5

=1.25M /1.25moledm-3

4.0.388g ofamonobasicorganicacid B required 46.5 cm3 of0.095M sodium
hydroxideforcompleteneutralization.NameanddrawthestructuralformulaofB
MolesofNaOHused=molarityxvolume

1000
=>0.095 x 46.5= 0.0044175/4.4175x10-3moles

1000

MoleratioB:NaOH =1:1
MolesB= 0.0044175/4.4175x10-3moles

MolarmassB =mass => 0.388
moles 0.0044175/4.4175x10-3moles
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=87.8324gmole-1

X-COOH=87.8324whereXisanalkylgroup
X=87.8324-42=42.8324=43
Byelimination:CH3 =15 CH3CH2=29 CH3CH2CH2 =43
Moleculaformula:CH3CH2CH2COOH
Moleculename:Butan-1-oicacid
Molecularstructure

H H H O

H C C C C O H

H H H H

5. 10.5gofanimpuresamplecontainingammonium sulphate(VI)fertilizerwas
warmedwith250cm3ofo.8M sodium hydroxidesolution.Theexcessofthealkaliwas
neutralizedby85cm3of0.5M hydrochloricacid.Calculatethe% ofimpuritiesinthe
ammonium sulphate(VI)fertilizer.(N=14.0,S=32.0,O=16.0,H=1.0)

Equationforneutralization
NaOH(aq)+ HCl(aq) -> NaOH(aq)+ H2O(l)
MoleratioNaOH(aq):HCl(aq)=1:1
MolesofHCl=Molarityxvolume => 0.5x85= 0.0425moles

1000 1000
ExcessmolesofNaOH(aq)=0.0425moles

Equationforreactionwithammonium salt
2NaOH(aq)+ (NH4)2SO4(aq) ->Na2SO4(aq)+2NH3(g)+ 2H2O(l)
MoleratioNaOH(aq):(NH4)2SO4(aq)=2:1
TotalmolesofNaOH=Molarityxvolume => 0.8x250= 0.2moles

1000 1000

MolesofNaOHthatreactedwith(NH4)2SO4 =0.2-0.0425=0.1575moles
Moles(NH4)2SO4 = ½ x0.1575moles =0.07875moles
Molarmass(NH4)2SO4=132gmole-1

Massofinimpuresample=molesxmolarmass=>0.07875x132=10.395g
Massofimpurities= 10.5-10.395 = 0.105g
%impurities = 0.105 x100= 1.0%

10.5
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Practicallyvolumetricanalysisinvolvestitration.
Titrationgenerallyinvolvesfillingaburettewithknown/unknownconcentrationofa
solutionthenaddingthesolutiontounknown/knownconcentrationofanothersolution
inaconicalflaskuntilthereiscompletereaction.Ifthesolutionsusedareboth
colourless,anindicatorisaddedtotheconicalflask.Whenthereactionisover,a
slight/littleexcessofburettecontentschangethecolouroftheindicator.Thisiscalled
theendpoint.
Setupoftitrationapparatus

Thetitrationprocessinvolveinvolvesdeterminationoftitre.Thetitreisthevolumeof
burettecontents/readingbeforeandaftertheendpoint.Burettecontents/reading
beforetitrationisusuallycalledtheInitialburettereading.Burettecontents/reading
aftertitrationisusuallycalledtheFinalburettereading.Thetitrevalueisthusasum of
theFinallessInitialburettereadings.
Toreduceerrors,titrationprocessshouldberepeatedatleastoncemore.

Theresultsoftitrationarerecordedinatitrationtableasbelow

Sampletitrationtable

Titrationnumber 1 2 3
Finalburettereading(cm3) 20.0 20.0 20.0
Initialburettereading(cm3) 0.0 0.0 0.0
Volumeofsolutionused(cm3) 20.0 20.0 20.0
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Asevidenceofatitrationactuallydoneexaminingbodyrequiresthecandidateto
recordtheirburettereadingsbeforeandafterthetitration.
ForKCSEcandidatesburettereadingsmustberecordedinatitrationtableinthe
formatprovidedbytheKenyaNationalExaminationCouncil.
AsevidenceofalltitrationactuallydoneKenyaNationalExaminationCouncilrequire
thecandidatetorecordtheirburettereadingsbeforeandafterthetitrationtocomplete
thetitrationtableintheformatprovided.

Calculatetheaveragevolumeofsolutionused
24.0+24.0+24.0 =24.0cm3

3
Asevidenceofunderstandingthedegreeofaccuracyofburettes,allreadingsmustbe
recordedtoadecimalpoint.
Asevidenceofaccuracyincarryingtheoutthetitration,candidatesvalueshouldbe
within0.2oftheschoolvalue.
Theschoolvalueistheteachersreadingspresentedtotheexaminingbody/council
basedontheconcentrationsofthesolutionss/hepresentedtoher/hiscandidates.
Bonusmarkisawardedforaveragedreadingwithin0.1schoolvalueasFinalanswer.

Calculationsinvolved afterthetitrationrequirecandidatesthoroughpracticaland
theoreticalpracticemasteryonthe:

(i)relationshipamongthemole,molarmass,moleratios,concentration,molarity.
(ii)mathematicalapplicationof1stprinciples.

Veryusefulinformationwhichcandidatesforgetappearsusuallyinthebeginningof
thequestionpaperas:
“Youareprovidedwith…”

Allcalculationmustbetothe4th decimalpointunlesstheydividefullytoalesser
decimalpoint.
Candidatesareexpectedtouseanonprogrammablescientificcalculator.

(a)SampleTitrationPractice1(SimpleTitration)

Youareprovidedwith:
0.1M sodium hydroxidesolutionA
HydrochloricacidsolutionB

YouarerequiredtodeterminetheconcentrationofsolutionBinmolesperlitre.
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Procedure
FilltheburettewithsolutionB.Pipette25.0cm3ofsolutionAintoaconicalflask.
TitratesolutionA withsolutionB usingphenolphthaleinindicatortocompletethe
titrationtable1

SampleresultsTitrationtable1
Titrationnumber 1 2 3
Finalburettereading(cm3) 20.0 20.0 20.0
Initialburettereading(cm3) 0.0 0.0 0.0
VolumeofsolutionBused(cm3) 20.0 20.0 20.0

Sampleworkedquestions

1.CalculatetheaveragevolumeofsolutionBused
Averagetitre=Titre1+Titre2+Titre3=>(20.0+20.0+20.0)=20.0cm3

3 3
2.Howmanymolesof:

(i)solutionAwerepresentin25cm3solution.

MolesofsolutionA= Molarityxvolume=0.1x25=2.5x10-3moles
1000 1000

(ii)solutionBwerepresentintheaveragevolume.
Chemicalequation:NaOH(aq)+HCl(aq)->NaCl(aq)+H2O(l)

Moleratio1:1 =>MolesofA=MolesofB=2.5x10-3moles

(iii)solutionBinmolesperlitre.
MolesofBperlitre= molesx1000 =2.5x10-3x1000=0.1M

Volume 20

(b)SampleTitrationPractice2(RedoxTitration)

Youareprovidedwith:
AcidifiedPotassium manganate(VII)solutionA
0.1M ofaniron(II)saltsolutionB
8.5gofammonium iron(II)sulphate(VI)crystals(NH4)2SO4FeSO4.xH2O solidC

Youarerequiredto
(i)standardizeacidifiedpotassium manganate(VII)
(ii)determinethevalueofxintheformula(NH4)2 SO4FeSO4.xH2O.
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Procedure1
FilltheburettewithsolutionA.Pipette25.0cm3ofsolutionBintoaconicalflask.
TitratesolutionAwithsolutionBuntilapinkcolourjustappears.
Recordyourresultstocompletetable1.

Table1:Sampleresults

Titrationnumber 1 2 3
Finalburettereading(cm3) 20.0 20.0 20.0
Initialburettereading(cm3) 0.0 0.0 0.0
VolumeofsolutionAused(cm3) 20.0 20.0 20.0

Sampleworkedquestions
1.CalculatetheaveragevolumeofsolutionAused

Averagetitre=Titre1+Titre2+Titre3=>(20.0+20.0+20.0)=20.0cm3
3 3

2.Howmanymolesof:
(i)solutionBwerepresentin25cm3solution.

MolesofsolutionA= Molarityxvolume=0.1x25=2.5x10-3moles
1000 1000

(ii)solutionAwerepresentintheaveragevolume.AssumeonemoleofBreact
withfivemolesofB

MoleratioA:B=1:5
=>MolesofA=MolesofB= 2.5x10-3moles = 5.0x10-4moles

5 5

(iii)solutionBinmolesperlitre.
MolesofBperlitre= molesx1000 =2.5x10-3x1000

Volume 20
=0.025M /molesperlitre/molesl-1

Procedure2
PlaceallthesolidCintothe250cm3volumetricflaskcarefully.Addabout200cm3of
distilledwater.Shaketodissolve.Makeuptothe250cm3ofsolutionbyaddingmore
distilledwater.LabelthissolutionC.Pipette25cm3ofsolutionCintoaconicalflask,
TitratesolutionCwithsolutionAuntilapermanentpinkcolourjustappears.Complete
table2.

Table2:Sampleresults
Titrationnumber 1 2 3
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Finalburettereading(cm3) 20.0 20.0 20.0
Initialburettereading(cm3) 0.0 0.0 0.0
VolumeofsolutionAused(cm3) 20.0 20.0 20.0

Sampleworkedquestions

1.CalculatetheaveragevolumeofsolutionAused
Averagetitre=Titre1+Titre2+Titre3=>(20.0+20.0+20.0)=20.0cm3

3 3
2.Howmanymolesof:

(i)solutionAwerepresentinintheaveragetitre.

MolesofsolutionA= Molarityxvolume=0.025x20=5.0x10-4moles
1000 1000

(ii)solutionCin25cm3solutiongiventheequationforthereaction:
MnO4

-(aq)+8H+(aq)+5Fe2+(aq)-> Mn2+(aq)+5Fe3+(aq)+4H2O(l)

MoleratioMnO4
-(aq):5Fe2+(aq)=1:5 => Molesof

5Fe2+(aq)=MolesofMnO4
-(aq)=5.0x10-4moles=1.0x10-4moles

5 5

(iii)solutionBin250cm3.
MolesofBperlitre=molesx250 =1.0x10-4 x250=1.0x10-3moles

Volume 25

3.CalculatethemolarmassofsolidCandhencethevalueofxin thechemical
formula(NH4)2SO4FeSO4.xH2O.
(N=14.0,S=32.0,Fe=56.0,H=1.0O=16.0)

Molarmass=massperlitre= 8.5 = 8500g
Molesperlitre 1.0x10-3moles

NH4)2SO4FeSO4.xH2O=8500
284+18x=8500
8500-284= 8216 = 18x = 454.4444

18 18

x=454(wholenumber)

(c)SampleTitrationPractice3(Backtitration)

Youareprovidedwith:
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(i)animpurecalcium carbonatelabeledM
(ii)HydrochloricacidlabeledsolutionN
(iii)solutionLcontaining20gperlitresodium hydroxide.

YouarerequiredtodeterminetheconcentrationofNinmolesperlitreandthe%of
calcium carbonateinmixtureM.

Procedure1
Pipette25.0cm3ofsolutionLintoaconicalflask.Add2-3dropsofphenolphthalein
indicator.TitratewithdilutehydrochloricacidsolutionN andrecordyourresultsin
table1(4mark)
SampleTable1

1 2 3
Final burette reading
(cm3)

6.5 6.5 6.5

Initial burette reading
(cm3)

0.0 0.0 0.0

VolumeofNused(cm3) 6.5 6.5 6.5

Samplequestions
(a)CalculatetheaveragevolumeofsolutionNused

6.5+6.5+6.5 = 6.5cm3
3

(b)Howmanymolesofsodium hydroxidearecontainedin25cm3ofsolutionL
MolarmassNaOH=40g
MolarityofL = massperlitre => 20 = 0.5M

MolarmassNaOH 40

MolesNaOHin25cm3=molarityxvolume =>0.5M x25cm3=0.0125moles
1000 1000

(c)Calculate:
(i)the numberofmoles ofhydrochloric acidthatreactwith sodium hydroxide in
(b)above.

MoleratioNaOH:HClfrom stoichiometricequation=1:1
MolesHCl=MolesNaOH=>0.0125moles

(ii)themolarityofhydrochloricacidsolutionN.
Molarity= molesx1000 =>0.0125molesx1000=1.9231M/moledm-3

6.5 6.5

Procedure2
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Placethe4.0gofM providedintoaconicalflaskandadd25.0cm3ofthedilute
hydrochloricacidtoitusingacleanpipette.Swirlthecontentsoftheflaskvigorously
untileffervescence stop.Using a 100mlmeasuring cylinderadd 175cm3 distilled
waterto makeup thesolution up to 200cm3.Labelthissolution K.Using aclean
pipettetransfer25.0cm3ofthesolutionintoacleanconicalflaskandtitratewith
solutionLfrom theburetteusing2-3dropsofmethylorangeindicator.Recordyour
observationsintable2.

SampleTable2

1 2 3
Final burette reading
(cm3)

24.5 24.5 24.5

Initial burette reading
(cm3)

0.0 0.0 0.0

VolumeofNused(cm3) 24.5 24.5 24.5

Samplecalculations
(a)CalculatetheaveragevolumeofsolutionLused(1mk)

24.5+24.5+24.5=24.5cm3
3

(b)Howmanymolesofsodium hydroxidearepresentintheaveragevolumeofsolution
Lused?

Moles=molarityxaverageburettevolume=>0.5x24.5
1000 1000

=0.01225/1.225x10-2moles

(c)How manymolesofhydrochloricacidarepresentintheoriginal200cm3of
solutionK?

MoleratioNaOH:HCl=1:1=>molesofHCl=0.01225/1.225x10-2moles

Molesin200cm3=200cm3x0.01225/1.225x10-2moles
25cm3(volumepipetted)

=0.49/4.9x10-1moles

(d)Howmanymolesofhydrochloricacidwerecontainedinoriginal25cm3solutionN
used
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Originalmoles=Originalmolarityxpipettedvolume=>
1000cm3

1.9231M/moledm-3x 25 = 0.04807/4.807x10-2moles
1000

(e)How manymolesofhydrochloricacidwereusedtoreactwithcalcium carbonate
present?
Molesthatreacted=originalmoles–molesinaveragetitre=>

0.04807/4.807x10-2moles-0.01225/1.225x10-2moles

=0.03582/3.582x10-2moles

(f)Writetheequationforthereactionbetweencalcium carbonateandhydrochloricacid.
CaCO3(s)+2HCl(aq)-> CaCl2(aq)+ CO2(g)+ H2O(l)

(g)Calculatethenumberofmolesofcalcium carbonatethatreactedwithhydrochloric
acid.
From theequationCaCO3(s):2HCl(aq)=1:2

=>MolesCaCO3(s)=1/2molesHCl
=1/2x0.03582/3.582x10-2moles

=0.01791/1.791x10-2moles

(h)Calculate the mass ofcalcium carbonate in 4.0g ofmixture M (Ca=40.0,O =
16.0,C=12.0)

MolarmassCaCO3=100g
MassCaCO3=molesxmolarmass =>0.01791/1.791x10-2molesx100g

=1.791g

(i)Determinethe%ofcalcium carbonatepresentinthemixture

%CaCO3=massofpurex100% => 1.791gx100% = 44.775%
Massofimpure 4.0

(d)Sampletitrationpractice4(Multipletitration)

Youareprovidedwith:
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(i)sodium Lcontaining5.0gperlitreofadibasicorganicacidH2X.2H2O.
(ii)solutionM whichisacidifiedpotassium manganate(VII)
(iii)solutionNamixtureofsodium ethanedioateandethanedioicacid
(iv)0.1M sodium hydroxidesolutionP
(v)1.0M sulphuric(VI)

Youarerequiredto:
(i)standardizesolutionM usingsolutionL
(ii)usestandardizedsolutionM andsolutionPtodeterminethe% ofsodium
ethanedioateinthemixture.

Procedure1
FilltheburettewithsolutionM.Pipette25.0cm3ofsolutionLintoaconicalflask.Heat
thissolutiontoabout70oC(butnottoboil).TitratethehotsolutionLwithsolutionM
untilapermanentpinkcolourjustappears.Shakethoroughlyduringthetitration.
Repeatthisproceduretocompletetable1.

SampleTable1

1 2 3
Final burette reading
(cm3)

24.0 24.0 24.0

Initial burette reading
(cm3)

0.0 0.0 0.0

VolumeofNused(cm3) 24.0 24.0 24.0

Samplecalculations
(a)CalculatetheaveragevolumeofsolutionLused(1mk)

24.0+24.0+24.0=24.0cm3
3

(b)Giventhattheconcentrationofthedibasicacidis0.05molesdm-3.determinethe
valueofxintheformulaH2X.2H2O(H=1.0,O=16.0)

MolarmassH2X.2H2O=massperlitre => 5.0g/litre =100g
Moles/litre 0.05molesdm-3

H2X.2H2O=100
X=100–((2x1)+2x(2x1)+(2x16)=>100– 34=66

(c)CalculatethenumberofmolesofthedibasicacidH2X.2H2O.
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Moles=molarityxpipettevolume=> 0.5x25 = 0.0125/1.25x10-2moles
1000 1000

(d)Giventhemoleratiomanganate(VII)(MnO4
-):acidH2Xis2:5,calculatethenumber

ofmolesofmanganate(VII)(MnO4
-)intheaveragetitre.

MolesH2X =2/5molesofMnO4
-

=>2/5 x0.0125/1.25x10-2moles
=0.005/5.0x10-3moles

(e)Calculatetheconcentrationofthemanganate(VII)(MnO4
-)inmolesperlitre.

Molesperlitre/molarity=moles x 1000
averageburettevolume

=>0.005/5.0x10-3molesx1000=0.2083molesl-1/M
24.0

Procedure2
WithsolutionM stillintheburette,pipette25.0cm3ofsolutionNintoaconicalflask.
HeattheconicalflaskcontainingsolutionN toabout70oC.Titratewhilehotwith
solutionM.Repeattheexperimenttocompletetable2.
SampleTable2

1 2 3
Final burette reading
(cm3)

12.5 12.5 12.5

Initial burette reading
(cm3)

0.0 0.0 0.0

VolumeofNused(cm3) 12.5 12.5 12.5

Samplecalculations
(a)CalculatetheaveragevolumeofsolutionLused(1mk)

12.5+12.5+12.5=12.5cm3
3

(b)Calculations:
(i)Howmanymolesofmanganate(VII)ionsarecontainedintheaveragevolume

ofsolutionM used?

Moles=molarityofsolutionM xaverageburettevolume
1000

=> 0.2083molesl-1/M x12.5 = 0.0026/2.5x10-3moles
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1000

(ii)Thereactionbetweenmanganate(VII)ionsandethanedioateionsthatreacted
withisasintheequation:

2MnO4
-(aq)+5C2O4

2-(aq)+16H+(aq)->2Mn2+(aq)+10CO2(g)+8H2O(l)

Calculatethenumberofmolesofethanedioateionsthatreactedwithmanganate(VII)
ionsintheaveragevolumeofsolutionM.

From thestoichiometricequation,moleratioMnO4
-(aq):C2O4

2-(aq)=2:5

=>molesC2O4
2-=5/2molesMnO4

-=>5/2x0.0026/2.5x10-3moles

=0.0065/6.5x10-3moles

(iii)Calculatethenumberofmolesofethanedioateionscontainedin250cm3
solutionN.

25cm3pipettevolume -> 0.0065/6.5x10-3moles
250cm3 ->

0.0065/6.5x10-3molesx250 = 0.065/6.5x10-2moles
25

Procedure3
RemovesolutionM from theburetteandrinseitwithdistilledwater.Filltheburette
withsodium hydroxidesolutionP.Pipette25cm3ofsolutionNintoaconicalflaskand
add2-3dropsofphenolphthaleinindicator.TitratethissolutionNwithsolutionPfrom
theburette.Repeattheproceduretocompletetable3.
SampleTable2

1 2 3
Final burette reading
(cm3)

24.9 24.9 24.9

Initial burette reading
(cm3)

0.0 0.0 0.0

VolumeofNused(cm3) 24.9 24.9 24.9

Samplecalculations
(a)CalculatetheaveragevolumeofsolutionLused(1mk)



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 55

24.9+24.9+24.9=24.9cm3
3

(b)Calculations:
(i)How manymolesofsodium hydroxidesolution P werecontained in the

averagevolume?

Moles=molarityofsolutionP xaverageburettevolume
1000

=> 0.1molesl-1 x24.9 = 0.00249/2.49x10-3moles
1000

(ii)GiventhatNaOHsolutionPreactedwiththeethanedioateionsfrom theacid
onlyandtheequationforthereactionis:

2NaOH(aq)+ H2C2O4(aq) -> Na2C2O4(g)+ 2H2O(l)

Calculatethenumberofmolesofethanedioicacidthatwereusedinthereaction

From thestoichiometricequation,moleratioNaOH(aq):H2C2O4(aq)=2:1

=>molesH2C2O4 =1/2molesNaOH=>1/2x0.00249/2.49x10-3moles

=0.001245/1.245x10-3moles.

(iii)Howmanymolesofethanedioicacidwerecontainedin250cm3ofsolutionN?

25cm3pipettevolume ->0.001245/1.245x10-3moles
250cm3 ->

0.001245/1.245x10-3molesx250 = 0.01245/1.245x10-2moles
25

(iii)Determinethe% bymassofsodium ethanedioateinthemicture (H=
1.0,O=16.0,C=12.0andtotalmassofmixture=2.0gin250cm3solution)

MolarmassH2C2O4=90.0g
MassofH2C2O4in250cm3=molesin250cm3xmolarmassH2C2O4

=>0.01245/1.245x10-2molesx90.0
=1.1205g

%bymassofsodium ethanedioate
=(Massofmixture -massofH2C2O4)x100%

Massofmixture

=> 2.0-1.1205g =43.975%
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2.0

Note
(i)Lis0.05M Oxalicacid

(ii)M is0.01M KMnO4
(iii)Nis0.03M oxalicacid(withoutsodium oxalate)

Practiceexample5.(Determiningequationforareaction)
Youareprovidedwith

-0.1M hydrochloricacidsolutionA
-0.5M sodium hydroxidesolutionB

YouaretodeterminetheequationforthereactionbetweensolutionAandB
Procedure
Filltheburette withsolutionA.Usingapipetteandpipettefillertransfer25.0cm3of
solutionBintoaconicalflask.Add2-3dropsofphenolphthaleinindicator.Runsolution
AintosolutionBuntilapermanentpinkcolourjustappears.Recordyourresultsin
Table1.RepeattheexperimenttoobtainthreeconcordantresultstocompleteTable1
Table1(Sampleresults)
Titration 1 2 3
Finalvolume(cm3) 12.5 25.0 37.5
Initialvolume(cm3) 0.0 12.5 25.0
VolumeofsolutionAused(cm3) 12.5 12.5 12.5
Samplequestions
CalculatetheaveragevolumeofsolutionAused.

12.5+12.5+12.5= 12.5cm3
3

TheoreticalPracticeexamples

1.1.0gofdibasicacidHOOC(CH2)xCOOHwasdissolvedin250cm3solution.25.0cm3
ofthissolutionreactedwith30.0cm3of0.06M sodium hydroxidesolution.Calculate
thevalueofxinHOOC(CH2)xCOOH.(C=12.0,H=1.0,O=16.)

Chemicalequation
2NaOH(aq)+H2X(aq)->Na2X(aq)+2H2O(aq)
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MoleratioNaOH(aq):H2X(aq)=2:1

Method1
MaVa=na =>Max25.0 =1=>Ma=0.06x30.0x1
MbVb=nb 0.06x30.0 2 25.0x2

Molarityofacid=0.036M/Molel-1

Massofacidperlite= 1.0x1000 = 4.0g/l
250

0.036M/Molel-1 ->4.0g/l
1mole=molarmassofHOOC(CH2)xCOOH= 4.0x1 =111.1111g

0.036

Molarmass(CH2)x=111.1111–(HOOCCOOH =90.0)=21.1111

(CH2)x=14x=21.1111=1.5=1(wholenumber)
14

Method2
Molesofsodium hydroxide= Molarityxvolume=0.06x30=1.8x10-3moles

1000
MolesofHydrochloricacid=1/2x1.8x10-3moles=9.0x10-4moles
MolarityofHydrochloricacid=molesx1000=9.0x10-4molesx1000

Volume 25
Molarityofacid=0.036M/Molel-1

Massofacidperlite= 1.0x1000 = 4.0g/l
250

0.036M/Molel-1 ->4.0g/l
1mole=molarmassofHOOC(CH2)xCOOH= 4.0x1 =111.1111g

0.036

Molarmass(CH2)x=111.1111–(HOOCCOOH =90.0)=21.1111

(CH2)x=14x=21.1111=1.5=1(wholenumber)
14

2.20.0cm3of0.05M acidifiedpotassium manganate(VII)solutionoxidized 25.0cm3
ofFe2+(aq)ionsin40.0g/lofimpureIron(II)sulphate(VI)toFe3+(aq)ions.Calculatethe
percentageimpuritiesintheIron(II)sulphate(VI).
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MnO4
-(aq)+8H+(aq)+5Fe2+(aq)->5Fe3+(aq)+Mn2+(aq)+4H2O(aq)

Fe=56.0,S=32.0,O=16.0).

MolesofMnO4
-(aq)=Molarityxvolume= 0.05x20.0 =0.001Moles

1000 1000

MoleratioMnO4
-(aq):5Fe2+(aq)=1:5

Moles5Fe2+(aq)= 5x0.001 = 0.005Moles

Molesof5Fe2+(aq)perlitre/molarity=Molesx1000 = 0005x1000
Volume 25.0

=0.2M/Moles/litre

Molarmass=FeSO4=152g
Massofinthemixture=Molesxmolarmass=>0.2x152=30.4g

Massofimpurity=40.0–30.4=9.6g

%impurity = 9.6gx100=24.0%impurity
40.0

3.9.7gofamixtureofPotassium hydroxideandPotassium chloridewasdissolvedto
make one litre solution.20.0cm3 of this solution required 25.0cm3 of 0.12M
hydrochloricacidforcompletedneutralization.Calculatethepercentagebymassof
Potassium chloride.(K=39.0,Cl=35.5)

Chemicalequation
KOH(aq)+HCl(aq)->KCl(aq)+H2O(l)

MolesofHCl=Molarityxvolume=>0.12x25.0 =0.003/3.0x10-3moles
1000 1000

MoleratioKOH(aq):HCl(aq)-=1:1
MolesKOH=0.003/3.0x10-3moles

Method1

MolarmassKOH =56.0g
MassKOHin25cm3=0.003/3.0x10-3molesx56.0=0.168g
MassKOHin1000cm3/1litre=0.168x1000=8.4g/l

20
MassofKCl=9.7g-8.4g =1.3g
%ofKCl= 1.3x100 = 13.4021%

9.7
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Method2
MolesKOHin1000cm3/1litre=Molesin20cm3x1000=>0.003x1000

20 20
=0.15M/Moles/litre

MolarmassKOH =56.0g
MassKOHin1000/1litre=0.15M/Moles/litrex56.0=8.4g/l

MassofKCl=9.7g-8.4g =1.3g
%ofKCl= 1.3x100 = 13.4021%

9.7

4.A certaincarbonate,GCO3,reactswithdilutehydrochloricacidaccordingtothe
equationgivenbelow:

GCO3(s)+2HCl(aq) -> GCl2(aq)+ CO2(g)+H2O(l)

If1gofthecarbonatereactscompletelywith20cm3of1M hydrochloricacid
,calculatetherelativeatomicmassofG(C=12.0=16.0)

MolesofHCl=Molarityxvolume=>1x20=0.02moles
1000 1000

MoleratioHCl;GCO3 =2:1
MolesofGCO3=0.02moles=0.01moles

2
MolarmassofGCO3 = mass => 1 = 100g

moles 0.01moles
G=GCO3-CO3=>100g–(12+16x3=60)=40(nounits)

5.46.0g ofa metalcarbonate MCO3 was dissolved 160cm3 of0.1M excess
hydrochloricacidandtheresultantsolutiondilutedtoonelitre.25.0cm3ofthissolution
required20.0cm3of0.1M sodium hydroxidesolutionforcompleteneutralization.
Calculatetheatomicmassof‘M’
Equation
Chemicalequation

NaOH(aq)+HCl(aq)->KCl(aq)+H2O(l)
MolesofNaOH=Molarityxvolume=>0.1x20=0.002moles

1000 1000
MoleratioHCl;NaOH =1:1
ExcessmolesofHCl =0.002moles
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25cm3 -> 0.002moles
1000cm3 -> 1000x0.002 = 0.08moles

25cm3
OriginalmolesofHCl=Molarityxvolume=>1M x1litre=1.0moles

MolesofHClreactedwithMCO3 =1.0-0.08moles=0.92moles
Chemicalequation
MCO3(s)+2HCl(aq) -> MCl2(aq)+ CO2(g)+H2O(l)

MoleratioMCO3(s):HCl(aq)=1:2

MolesofMCO3 = 0.92moles =>0.46moles
2

MolarmassofMCO3= mass => 46g =100g
moles 0.46moles

M=MCO3-CO3=>100g–(12+16x3=60)=40

6.25.0cm3ofamixtureofFe2+ andFe3+ ionsinanaqueoussaltwasacidifiedwith
sulphuric(VI)acid then titrated againstpotassium manganate(VI).Thesaltrequired
15cm3ofe0.02M potassium manganate(VI)forcompletereaction.
Asecond25cm3portionoftheFe2+andFe3+ionsaltwasreducedbyZincthentitrated
againstthesameconcentrationofpotassium manganate(VI).19.0cm3ofpotassium
manganate(VI)solutionwasusedforcompletereaction.Calculatetheconcentrationof
Fe2+andFe3+ioninthesolutiononmolesperlitre.

MoleratioFe2+:Mn04
-=5:1

MolesMn04
-used = 0.02x15 = 3.0x10-4moles

1000
MolesFe2+ = 3.0x10-4moles = 6.0x10-5moles

5
MolarityofFe2+ = 6.0x10-4molesx1000 = 2.4x10-3molesl-1

25
SinceZincreducesFe3+toFe2+ inthemixture:
MolesMn04

-thatreactedwithallFe2+= 0.02x19 = 3.8x10-4moles
1000

MolesofallFe2+ = 3.8x10-4moles = 7.6x10-5moles
5

MolesofFe3+ = 3.8x10-4-6.0x10-5 = 1.6x10-5moles
MolarityofFe3+ = 1.6x10-5molesx1000 = 4.0x10-4molesl-1
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IntroductiontoOrganicchemistry

Organicchemistryisthebranchofchemistrythatstudiescarboncompoundspresent
inlivingthings,oncelivingthingsorsynthetic/man-made.
Compoundsthatmakesuplivingthingswhetheraliveordeadmainlycontaincarbon.

Carbonistetravalent.
Itisabletoform stablecovalentbondswithitselfandmanynon-metalslikehydrogen,

nitrogen,oxygenandhalogenstoform avarietyofcompounds.Thisisbecause:
(i)carbonusesallthefourvalenceelectronstoform fourstrongcovalentbond.

(ii)carboncancovalentlybondtoform asingle,doubleortriplecovalentbondwith
itself.
(iii)carbonatomscancovalentlybondtoform averylongchainorring.
WhencarboncovalentlybondwithHydrogen,itformsagroupoforganiccompounds
calledHydrocarbons

A.HYDROCARBONS(HCs)
Hydrocarbonsareagroupoforganiccompoundscontaining/madeupofhydrogen
andcarbonatomsonly.
Dependingonthetypeofbondthatexistbetweentheindividualcarbonatoms,
hydrocarbonareclassifiedas:

(i)Alkanes
(ii)Alkenes
(iii)Alkynes

(i)Alkanes

(a)Nomenclature/Naming

ThesearehydrocarbonswithageneralformulaCnH2n+2wherenisthenumberof
Carbonatomsinamolecule.
Thecarbonatomsarelinkedbysinglebondtoeachotherandtohydrogenatoms.

Theyinclude:

n General/ Structuralformula Name
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Molecular
formula

1 CH4 H

H C H

H

Methane

2 C2H6 H H

H C C H

H H

Ethane

3 C3H8 H H H

H C C C H

H H H

Propane

4 C4H10 H H H H

H C C C C H

H H H H

Butane

5 C5H12 H H H H H

H C C C C C H CH3(CH2)6CH3

H H H H H

Pentane

6 C6H14 H H H H H H

H C C C C C C H CH3(CH2)6CH3

H H H H H H

Hexane

7 C7H16 H H H H H H H

H C C C C C C C H

Heptane
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H H H H H H H

8 C8H18 H H H H H H H H

H C C C C C C C C H

H H H H H H H H

Octane

9 C9H20 H H H H H H H H H

H C C C C C C C C C H

H H H H H H H H H

Nonane

10 C10H22 H H H H H H H H H H

H C C C C C C C C C C H

H H H H H H H H H H

decane

Note
1.Thegeneralformula/molecularformularofacompoundshowsthenumberofeach
atomsofelementsmakingthecompounde.g.
Decanehasageneral/molecularformulaC10H22;thismeansthereare10carbonatoms
and22hydrogenatomsinamoleculeofdecane.
2.Thestructuralformulashowsthearrangement/bondingofatomsofeachelement
makingthecompounde.g
Decanehasthestructuralformulaasinthetableabove;thismeansthe1stcarbon
from lefttorightisbondedtothreehydrogenatomsandonecarbonatom.
The2ndcarbonatom isjoined/bondedtotwoothercarbonatomsandtwoHydrogen
atoms.
3.Sincecarbonistetravalent,eachatom ofcarboninthealkaneMUSTalwaysbe
bondedusingfourcovalentbond/foursharedpairsofelectrons.
4.SinceHydrogenismonovalent,eachatom ofhydrogeninthealkaneMUSTalways

bebondedusingonecovalentbond/onesharedpairofelectrons.
5.Onememberofthealkanedifferfrom thenext/previousbyaCH2 group.
e.g

Propanedifferfrom ethanebyonecarbonandtwoHydrogenatomsform ethane.
Ethanedifferfrom methanealsobyonecarbonandtwoHydrogenatoms
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6.AgroupofcompoundsthatdifferbyaCH2 groupfrom thenext/previous
consecutivelyiscalledahomologousseries.
7.Ahomologousseries:

(i)differbyaCH2 groupfrom thenext/previousconsecutively
(ii)havesimilarchemicalproperties
(iii)havesimilarchemicalformulathatcanberepresentedbyageneralformula

e.galkaneshavethegeneralformulaCnH2n+2.
(iv)thephysicalproperties(e.g.melting/boilingpoints)showsteadygradual
change)
8.The1stfouralkaneshavetheprefixmeth_,eth_,prop_andbut_torepresent
1,2,3and4carbonsinthecompound.Allotherusethenumeralprefix
pent_,Hex_,hept_,etctoshowalsothenumberofcarbonatoms.
9.Ifonehydrogenatom inanalkaneisremoved,analkylgroupisformed.e.g

Alkanename molecular
structure
CnH2n+2

Alkylname Moleculastructure
CnH2n+1

methane CH4 methyl CH3

ethane CH3CH3 ethyl CH3CH2

propane CH3CH2CH3 propyl CH3CH2CH2

butane CH3CH2CH2CH3 butyl CH3CH2CH2CH2

(b)Isomersofalkanes
Isomersarecompoundswiththesamemoleculargeneralformulabutdifferent
molecularstructuralformula.
Isomerism istheexistenceofacompoundshavingthesamegeneral/molecular
formulabutdifferentstructuralformula.
The1stthreealkanesdonotform isomers.Isomersarenamedbyusingthe
IUPAC(InternationalUnionofPureandAppliedChemistry)system of
nomenclature/naming.
TheIUPACsystem ofnomenclatureusesthefollowingbasicrules/guidelines:

1.Identifythelongestcontinuouscarbonchaintoget/determinetheparentalkane.
2.Numberthelongestchainform theendofthechainthatisnearthebranchessoas

thebranchgetthelowestnumberpossible
3.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,

propyle.tc.accordingtothenumberofcarbonchainsattachedtotheparentalkane.
Namethem fluoro-,chloro-,bromo-,iodo-iftheyarehalogens

4.Useprefixdi-,tri-,tetra-,penta-,hexa-toshowthenumberofbranchesattachedtothe
parentalkane.
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PracticeonIUPACnomenclatureofalkanes
(a)Drawthestructureof:

(i)2-methylpentane
Procedure

1.Identifythelongestcontinuouscarbonchaintoget/determinetheparentalkane.
Butaneistheparentname CH3CH2CH2CH3

2.Numberthelongestchainform theendofthechainthatisnearthebranchessoas
thebranchgetthelowestnumberpossible
ThemethylgroupisattachedtoCarbon“2”

3.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,
propyle.tc.accordingtothenumberofcarbonchainsattachedtotheparentalkanei.e

Positionofthebranchatcarbon“2”
Numberofbranchesatcarbon“1”
Typeofthebranch“methyl”hence

Molecularformula
CH3

CH3CHCH2CH3 //CH3CH(CH3)CH2CH3

Structuralformula
H H H H

H C C C C H

H H H

H C H

H

(ii)2,2-dimethylpentane
Procedure

1.Identifythelongestcontinuouscarbonchaintoget/determinetheparentalkane.
Butaneistheparentname CH3CH2CH2CH3

2.Numberthelongestchainform theendofthechainthatisnearthebranchessoas
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thebranchgetthelowestnumberpossible
ThemethylgroupisattachedtoCarbon“2”

3.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,
propyle.tc.accordingtothenumberofcarbonchainsattachedtotheparentalkanei.e

Positionofthebranchatcarbon“2”
Numberofbranchesatcarbon“2”
Typeofthebranchtwo“methyl”hence
Molecularformular

CH3

CH3CCH2CH3 //CH3C (CH3)2CH2CH3

CH3

Structuralformula
H

H C H

H H H

H C C C C H

H H H

H C H

H

(iii)2,2,3-trimethylbutane

Procedure
1.Identifythelongestcontinuouscarbonchaintoget/determinetheparentalkane.

Butaneistheparentname CH3CH2CH2CH3

2.Numberthelongestchainform theendofthechainthatisnearthebranchessoas
thebranchgetthelowestnumberpossible
ThemethylgroupisattachedtoCarbon“2and3”

3.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,
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propyle.tc.accordingtothenumberofcarbonchainsattachedtotheparentalkanei.e
Positionofthebranchatcarbon“2and3”

Numberofbranchesatcarbon“3”
Typeofthebranchthree“methyl”hence
Molecularformular

CH3

CH3 C CHCH3 //CH3C (CH3)3CH2CH3

CH3CH3

Structuralformula
H

H C H

H H

H C C C H

H H
H

H C C H

H
H C H

H
(iv)1,1,1,2,2,2-hexabromoethane
Molecularformula

CBr3CBr3

Structuralformula
Br Br

Br C C Br

Br Br
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(v)1,1,1-tetrachloro-2,2-dimethylbutane
CH3

CCl3 C CH3 //CCl3C (CH3)2CH3

CH3

Structuralformula
Cl

Cl C Cl

H H

H C C C H

H H
H C H

H

(c)Occurrenceandextraction

Crudeoil,naturalgasandbiogasarethemainsourcesofalkanes:
(i)Naturalgasisfoundontopofcrudeoildepositsandconsistsmainlyofmethane.

(ii)Biogasisformedfrom thedecayofwasteorganicproductslikeanimaldungand
cellulose.Whenthedecaytakesplaceinabsenceofoxygen,60-75%byvolumeofthe
gaseousmixtureofmethanegasisproduced.

(iii)Crudeoilisamixtureofmanyflammablehydrocarbons/substances.Using
fractionaldistillation,eachhydrocarbonfractioncanbeseparatedfrom theother.The
hydrocarbonwithlower/smallernumberofcarbonatomsinthechainhavelower
boilingpointandthuscollectedfirst.

Asthecarbonchainincrease,theboilingpoint,viscosity(easeofflow)andcolour
intensityincreaseasflammabilitydecrease.Hydrocarbonsincrudeoilarenotpure.
Theythushavenosharpfixedboilingpoint.

Usesofdifferentcrudeoilfractions
Carbonatomsina Commonnameof Usesoffraction
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molecule fraction
1-4 Gas L.P.Ggasfor

domesticuse
5-12 Petrol Fuelforpetrol

engines
9-16 Kerosene/Paraffin Jetfueland

domestic
lighting/cooking

15-18 Lightdiesel Heavydieselengine
fuel

18-25 Dieseloil Lightdieselengine
fuel

20-70 Lubricatingoil Lubricatingoilto
reducefriction.

Over70 Bitumen/Asphalt Tarmackingroads

(d)Schoollaboratorypreparationofalkanes

Inaschoollaboratory,alkanesmaybepreparedfrom thereactionofasodium
alkanoatewithsolidsodium hydroxide/sodalime.
Chemicalequation:

Sodium alkanoate + sodalime-> alkane + Sodium carbonate
CnH2n+1COONa(s) + NaOH(s) -> CnH2n+2 + Na2CO3(s)

The“H”inNaOHistransferred/movestotheCnH2n+1inCnH2n+1COONa(s)toform Cn

H2n+2.

Examples

1.Methaneispreparedfrom theheatingofamixtureofsodium ethanoateandsoda
limeandcollectingoverwater
Sodium ethanoate + sodalime-> methane + Sodium carbonate
CH3COONa(s) + NaOH(s) -> CH4 + Na2CO3(s)

The“H”inNaOHistransferred/movestotheCH3inCH3COONa(s)toform CH4.

2.Ethaneispreparedfrom theheatingofamixtureofsodium propanoateandsoda
limeandcollectingoverwater

Sodium propanoate + sodalime-> ethane + Sodium carbonate
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CH3CH2COONa(s) + NaOH(s) -> CH3CH3 + Na2CO3(s)

The“H”inNaOHistransferred/movestotheCH3CH2inCH3CH2COONa(s)toform
CH3CH3

3.Propaneispreparedfrom theheatingofamixtureofsodium butanoateandsoda
limeandcollectingoverwater

Sodium butanoate + sodalime-> propane + Sodium carbonate
CH3CH2CH2COONa(s)+ NaOH(s) -> CH3CH2CH3 +Na2CO3(s)

The“H”inNaOHistransferred/movestotheCH3CH2CH2inCH3CH2CH2COONa(s)to
form CH3CH2CH3

4.Butaneispreparedfrom theheatingofamixtureofsodium pentanoateandsoda
limeandcollectingoverwater
Sodium pentanoate + sodalime-> butane + Sodium carbonate
CH3CH2CH2CH2COONa(s)+NaOH(s)-> CH3CH2CH2CH3 +Na2CO3(s)

The“H”inNaOHistransferred/movestotheCH3CH2CH2CH2in CH3

CH2CH2CH2COONa(s)toform CH3CH2CH2CH3

Laboratorysetupforthepreparationofalkanes
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(d)Propertiesofalkanes
I.Physicalproperties

Alkanesarecolourlessgases,solidsandliquidsthatarenotpoisonous.
Theyareslightlysolubleinwater.

Thesolubilitydecreaseasthecarbonchainandthusthemolarmassincrease
Themeltingandboilingpointincreaseasthecarbonchainincrease.
Thisisbecauseoftheincreaseinvan-der-waals/intermolecularforcesasthecarbon
chainincrease.
The1stfourstraightchainalkanes(methane,ethane,propaneandbutane)aretherefore

gases,thenectsix(pentane,hexane,heptane,octane,nonane,anddecane)areliquids
whiletherestfrom unidecane(11carbonatoms)aresolids.

Thedensityofstraightchainalkanesincreasewithincreasingcarbonchainasthe
intermolecularforcesincreases.
Thisreducesthevolumeoccupiedbyagivenmassofthecompound.

Summaryofphysicalpropertiesofalkanes

Alkane General
formula

Melting
point(K)

Boiling
point(K)

Density
gcm-3

Stateatroom(298K)
temperatureandpressure
atmosphere(101300Pa)

Methane CH4 90 112 0.424 gas
Ethane CH3CH3 91 184 0.546 gas
Propane CH3CH2CH3 105 231 0.501 gas
Butane CH3(CH2)2CH3 138 275 0.579 gas
Pentane CH3(CH2)3CH3 143 309 0.626 liquid
Hexane CH3(CH2)4CH3 178 342 0.657 liquid
Heptane CH3(CH2)5CH3 182 372 0.684 liquid
Octane CH3(CH2)6CH3 216 399 0.703 liquid
Nonane CH3(CH2)7CH3 219 424 0.708 liquid
Octane CH3(CH2)8CH3 243 447 0.730 liquid

II.Chemicalproperties
(i)Burning.

Alkanesburnwithablue/non-luminousnon-sooty/non-smokyflameinexcessairto
form carbon(IV)oxideandwater.
Alkane + Air -> carbon(IV)oxide+ water(excessair/oxygen)

Alkanesburnwithablue/non-luminousno-sooty/non-smokyflameinlimitedairto
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form carbon(II)oxideandwater.
Alkane + Air -> carbon(II)oxide + water(limitedair)

Examples
1.(a)Methanewhenignitedburnswithabluenonsootyflameinexcessairtoform
carbon(IV)oxideandwater.
Methane + Air -> carbon(IV)oxide+ water(excessair/oxygen)
CH4(g) + 2O2(g) -> CO2(g) + 2H2O(l/g)

(b)Methanewhenignitedburnswithabluenonsootyflameinlimitedairtoform
carbon(II)oxideandwater.
Methane + Air -> carbon(II)oxide + water(excessair/oxygen)
2CH4(g) + 3O2(g) -> 2CO(g) + 4H2O(l/g)

2.(a)Ethanewhenignitedburnswithabluenonsootyflameinexcessairtoform
carbon(IV)oxideandwater.
Ethane + Air -> carbon(IV)oxide+ water(excessair/oxygen)
2C2H6(g) + 7O2(g) -> 4CO2(g) + 6H2O(l/g)

(b)Ethanewhenignitedburnswithabluenonsootyflameinlimitedairtoform
carbon(II)oxideandwater.
Ethane + Air -> carbon(II)oxide + water(excessair/oxygen)
2C2H6(g) + 5O2(g) -> 4CO(g) + 6H2O(l/g)

3.(a)Propanewhenignitedburnswithabluenonsootyflameinexcessairtoform
carbon(IV)oxideandwater.
Propane + Air -> carbon(IV)oxide+ water(excessair/oxygen)
C3H8(g) + 5O2(g) -> 3CO2(g) + 4H2O(l/g)

(b)Ethanewhenignitedburnswithabluenonsootyflameinlimitedairtoform
carbon(II)oxideandwater.
Ethane + Air -> carbon(II)oxide + water(excessair/oxygen)
2C3H8(g) + 7O2(g) -> 6CO(g) + 8H2O(l/g)

ii)Substitution
Substitutionreactionisoneinwhichahydrogenatom isreplacedbyahalogenin
presenceofultravioletlight.
Alkanesreactwithhalogensinpresenceofultravioletlighttoform halogenoalkanes.
Duringsubstitution:

(i)thehalogenmoleculeissplitintofreeatom/radicals.
(ii)onefreehalogenradical/atomsknock/removeonehydrogenfrom thealkane



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 74

leavinganalkylradical.
(iii)thealkylradicalcombinewiththeotherfreehalogenatom/radicaltoform

halogenoalkane.
(iv)thechlorineatomssubstituterepeatedlyinthealkane.Eachsubstitution

removesahydrogenatom from thealkaneandform hydrogenhalide.
(v)substitutionstopswhenallthehydrogeninalkanesarereplacedwith
halogens.

Substitutionreactionisahighlyexplosivereactioninpresenceofsunlight/ultraviolet
lightthatactascatalyst.

Examplesofsubstitutionreactions
Methanehasnoeffectonbromineorchlorineindiffusedlight/dark.Insunlight,a
mixtureofchlorineandmethaneexplodetoform colourlessmixtureof
chloromethaneandhydrogenchloridegas.Thepalegreencolourofchlorinegasfades.
Chemicalequation

1.(a)Methane +chlorine -> Chloromethane + Hydrogenchloride

CH4(g) + Cl2(g)-> CH3Cl(g) + HCl(g)

H H

H C H +Cl Cl -> H C Cl +H Cl

H H

(b)Chloromethane+chlorine -> dichloromethane + Hydrogen
chloride

CH3Cl(g) + Cl2(g) -> CH2Cl2(g) + HCl(g)

H H

H C Cl+Cl Cl -> H C Cl +H Cl

H Cl

(c)dichloromethane+chlorine -> trichloromethane + Hydrogen
chloride
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CH2Cl2(g) + Cl2(g) -> CHCl3(g) + HCl(g)

Cl H

H C Cl+Cl Cl -> Cl C Cl +H Cl

H Cl

(c)trichloromethane+chlorine->tetrachloromethane+Hydrogenchloride

CHCl3(g) + Cl2(g) -> CCl4(g) + HCl(g)
H Cl

Cl C Cl+Cl Cl -> Cl C Cl +H Cl

Cl Cl

Ethanehasnoeffectonbromineorchlorineindiffusedlight/dark.Insunlight,a
mixtureofbromineandethaneexplodetoform colourlessmixtureofbromoethane
andhydrogenchloridegas.Thered/browncolourofbrominegasfades.
Chemicalequation

(a)Ethane +chlorine -> Chloroethane + Hydrogenchloride

CH3CH3(g)+ Br2(g) -> CH3CH2Br(g) + HBr(g)

H H H H

H C C H +Br Br-> H C C H+H Br

H H H Br
Bromoethane

H H H Br

H C C H +Br Br->H C C H+H Br

H Br H Br
1,1-dibromoethane

H Br H Br
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H C C H +Br Br->H C C Br+H Br

H Br H Br
1,1,1-tribromoethane

H Br H Br

H C C Br+Br Br->H C C Br+H Br

H Br Br Br
1,1,1,2-tetrabromoethane

H Br H Br

H C C Br+Br Br->Br C C Br+H Br

Br Br Br Br
1,1,1,2,2-pentabromoethane

H Br Br Br

Br C C Br+Br Br->Br C C Br+H Br

Br Br Br Br
1,1,1,2,2,2-hexabromoethane

Usesofalkanes
1.Mostalkanesareusedasfuele.g.Methaneisusedasbiogasinhomes.Butaneis
usedastheLaboratorygas.
2.Oncracking,alkanesareamajorsourceofHydrogenforthemanufactureof
ammonia/Haberprocess.
3.InmanufactureofCarbonblackwhichisacomponentinprintersink.
4.Inmanufactureofusefulindustrialchemicalslikemethanol,methanol,and
chloromethane.

(ii)Alkenes

(a)Nomenclature/Naming
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ThesearehydrocarbonswithageneralformulaCnH2n and C C doublebond
asthefunctionalgroup.nisthenumberofCarbonatomsinthemolecule.
Thecarbonatomsarelinkedbyatleastonedoublebondtoeachotherandsingle

bondstohydrogenatoms.
Theyinclude:

n General/
Molecular
formula

Structuralformula Name

1 Doesnotexist

2 C2H6 H H

H C C H

CH2CH2

Ethene

3 C3H8 H H H

H C C C H

H

CH2CHCH3

Propen
e

4 C4H10 H H H H

H C C C C H

H H

CH2CHCH2CH3

Butene

5 C5H12 H H H H H

H C C C C C H

H H H
CH2CH(CH2)2CH3

Penten
e

6 C6H14 H H H H H H Hexene
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H C C C C C C H

H H H H

CH2CH(CH2)3CH3

7 C7H16 H H H H H H H

H C C C C C C C H

H H H H H H H

CH2CH(CH2)4CH3

Hepten
e

8 C8H18 H H H H H H H H

H C C C C C C C C H

H H H H H H

CH2CH(CH2)5CH3

Octene

9 C9H20 H H H H H H H H H

H C C C C C C C C C H

H H H H H H H

CH2CH(CH2)6CH3

Nonene

10 C10H22 H H H H H H H H H H

H C C C C C C C C C C H

H H H H H H H H

CH2CH(CH2)7CH3

decene

Note
1.Sincecarbonistetravalent,eachatom ofcarboninthealkeneMUSTalwaysbe
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bondedusingfourcovalentbond/foursharedpairsofelectronsincludingatthe
doublebond.
2.SinceHydrogenismonovalent,eachatom ofhydrogeninthealkeneMUSTalways

bebondedusingonecovalentbond/onesharedpairofelectrons.
3.Onememberofthealkene,likealkanes,differfrom thenext/previousbyaCH2

group.Theyalsoform ahomologousseries.
e.g

Propenedifferfrom ethenebyonecarbonandtwoHydrogenatomsfrom ethene.4.A
homologousseriesofalkeneslikethatofalkanes:

(i)differbyaCH2 groupfrom thenext/previousconsecutively
(ii)havesimilarchemicalproperties
(iii)havesimilarchemicalformularepresentedbythegeneralformulaCnH2n

(iv)thephysicalpropertiesalsoshowsteadygradualchange
5.The =C=C=doublebondinalkeneisthefunctionalgroup.Afunctionalgroupisthe
reactingsiteofamolecule/compound.
6.The =C=C=doublebondinalkenecaneasilybebrokentoaccommodatemore
twomoremonovalentatoms.The =C=C=doublebondinalkenesmakeitthus
unsaturated.
7.Anunsaturatedhydrocarbonisonewithadouble=C=C=ortriple–C C–carbon
bondsintheirmolecularstructure.Unsaturatedhydrocarboneasilyreactstobe
saturated.
8.Asaturatedhydrocarbonisonewithoutadouble=C=C=ortriple–C C–carbon
bondsintheirmolecularstructure.
Mostofthereactionsofalkenestakeplaceatthe=C=C=bond.

(b)Isomersofalkenes
Isomersarealkenesliealkaneshavethesamemoleculargeneralformulabutdifferent
molecularstructuralformula.
Etheneandpropenedonotform isomers.Isomersofalkenesarealsonamedbyusing
theIUPAC(InternationalUnionofPureandAppliedChemistry)system of
nomenclature/naming.
TheIUPACsystem ofnomenclatureofnamingalkenesusesthefollowingbasic

rules/guidelines:

1.Identifythelongestcontinuous/straightcarbonchainwhichcontainsthe=C=C=
doublebondget/determinetheparentalkene.

2.Numberthelongestchainform theendofthechainwhichcontainsthe=C=C=
doublebondsohe=C=C=doublebondlowestnumberpossible.
3Indicatethepositionsbysplitting“alk-positions-ene”e.g.but-2-ene,pent-1,3-diene.

4.Thepositionindicatedmustbeforthecarbonatom atthelowerpositioninthe=C=
C=doublebond.i.e
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But-2-enemeansthedouble=C=C=isbetweenCarbon“2”and“3”
Pent-1,3-dienemeanstherearetwodoublebondonebetweencarbon“1”and“2”and

anotherbetweencarbon“3”and“4”

5.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,
propyle.tc.accordingtothenumberofalkylcarbonchainsattachedtothealkene.
Namethem fluoro-,chloro-,bromo-,iodo-iftheyarehalogens

6.Useprefixdi-,tri-,tetra-,penta-,hexa-toshowthenumberofdoubleC=C bondsand
branchesattachedtothealkene.

7.Positionisomerscanbeformedwhenthe=C=C=doublebondisshiftedbetween
carbonatomse.g.
But-2-enemeansthedouble=C=C=isbetweenCarbon“2”and“3”
But-1-enemeansthedouble=C=C=isbetweenCarbon“1”and“2”
BothBut-1-eneandBut-2-enearepositionisomersofButene

8.Positionisomersaremolecules/compoundshavingthesamegeneralformularbut
differentpositionofthefunctionalgroup.i.e.
Butenehasthemolecular/generalformularC4H8positionbutcanform bothBut-1-ene
andBut-2-eneaspositionisomers.

9.Likealkanes,analkylgroupcanbeattachedtothealkene.Chain/branchisomersare
thusformed.
10.Chain/branchisomersaremolecules/compoundshavingthesamegeneralformula
butdifferentstructuralformulae.g
Buteneand2-methylpropenebothhavethesamegeneralformualrbutdifferent
branchingchain.

PracticeonIUPACnomenclatureofalkenes
Namethefollowingisomersofalkene

H H H H

H C C C C H But-1-ene

H H
H H H H

H C C C C H But-2-ene

H H
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H H H H H H

H C C C C C C H 4-methylhex-1-ene

H H H
H C H

H

H

H C H

H H H H H

H C C C C C C H 4,4-dimethylhex-1-ene

H H H
H C H

H

3. H

H C H

H H H H

H C C C C C H 4,4-dimethylpent-1-ene

H H
H C H

H

4. H

H C H

H H H H
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H C C C C C H 5,5-dimethylhex-2-ene

H C H H H
H C H

H
H

5. H

H C H

H H H

H C C C C H 2,2-dimethylbut-2-ene

H H
H C H

H

8.H2CCHCH2CH2CH3 pent-1-ene

9.H2CC(CH3)CH2CH2CH3 2-methylpent-1-ene

10.H2CC(CH3)C(CH3)2CH2CH3 2,3,3-trimethylpent-1-ene

11.H2CC(CH3)C(CH3)2C(CH3)2CH3 2,3,3,4,4-pentamethylpent-1-ene

12.H3CC(CH3)C(CH3)C(CH3)2CH3 2,3,4,4-tetramethylpent-2-ene

13.H2CC(CH3)C(CH3)C(CH3)CH3 2,3,4-trimethylpent-1,3-diene

14.H2CCBrCBrCBrCH3 2,3,4-tribromopent-1,3-diene

15.H2CCHCHCH2 But-1,3-diene

16.Br2CCBrCBrCBr2 1,1,2,3,4,4-hexabromobut-1,3-diene

17.I2CCICICI2 1,1,2,3,4,4-hexaiodobut-1,3-diene
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18.H2CC(CH3)C(CH3)CH2 2,3-dimethylbut-1,3-diene

(c)Occurrenceandextraction

Atindusriallevel,alkenesareobtainedfrom thecrackingofalkanes.Crackingisthe
processofbreakinglongchainalkanestosmaller/shorteralkanes,analkeneand
hydrogengasathightemperatures.
Crackingisamajorsourceofusefulhydrogengasformanufactureof
ammonia/nitric(V)acid/HCli.e.

Longchainalkane ->smaller/shorteralkane+Alkene+Hydrogengas

Examples
1.Whenirradiatedwithhighenergyradiation,Propaneundergocrackingtoform
methanegas,etheneandhydrogengas.
Chemicalequation
CH3CH2CH3(g) -> CH4(g) + CH2=CH2(g) +H2(g)

2.Octaneundergocrackingtoform hydrogengas,buteneandbutanegases
Chemicalequation
CH3(CH2)6CH3(g) ->CH3CH2CH2CH3(g) + CH3CH2CH=CH2(g)+H2(g)

(d)Schoollaboratorypreparationofalkenes

Inaschoollaboratory,alkenesmaybepreparedfrom dehydrationofalkanolsusing:
(i)concentratedsulphuric(VI)acid(H2SO4).
(a)aluminium(III)oxide(Al2O3)i.e

Alkanol --Conc.H2SO4-->Alkene + Water
Alkanol --Al2O3-->Alkene + Watere.g.

1.(a)Atabout180oC,concentratedsulphuric(VI)aciddehydrates/removeswaterfrom
ethanoltoform ethene.
Thegasproducedcontaintracesofcarbon(IV)oxideandsulphur(IV)oxidegasas

impurities.
Itisthuspassedthroughconcentratedsodium/potassium hydroxidesolutionto
removetheimpurities.
Chemicalequation

CH3CH2OH(l) --concH2SO4/180oC--> CH2=CH2(g) +H2O(l)
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(b)Onheatingstronglyaluminium(III)oxide(Al2O3),itdehydrates/removeswaterfrom
ethanoltoform ethene.
Ethanolvapourpassesthroughthehotaluminium (III)oxidewhichcatalysesthe

dehydration.
Activatedaluminium(III)oxidehasaveryhighaffinityforwatermolecules/elementsof
waterandthusdehydrates/removeswaterfrom ethanoltoform ethene.

Chemicalequation
CH3CH2OH(l) --(Al2O3/strongheat--> CH2=CH2(g) +H2O(l)

2(a)Propan-1-olandPropan-2-ol(positionisomersofpropanol)aredehydratedby
concH2SO4atabout180oC topropene(propenehasnopositionisomers).
Chemicalequation
CH3CH2CH2OH(l) --concH2SO4/180oC--> CH3CH2=CH2(g) +H2O(l)
Propan-1-ol Prop-1-ene

CH3CHOHCH3(l) --concH2SO4/180oC--> CH3CH2=CH2(g) +H2O(l)
Propan-2-ol Prop-1-ene

(b)Propan-1-olandPropan-2-ol(positionisomersofpropanol)aredehydratedby
heatingstronglyaluminium(III)oxide(Al2O3)form propene
Chemicalequation
CH3CH2CH2OH(l) --Heat/Al2O3--> CH3CH2=CH2(g) +H2O(l)
Propan-1-ol Prop-1-ene

CH3CHOHCH3(l) --Heat/Al2O3--> CH3CH2=CH2(g) +H2O(l)
Propan-2-ol Prop-1-ene

3(a)Butan-1-olandButan-2-ol(positionisomersofbutanol)aredehydratedbyconc
H2SO4atabout180oC toBut-1-eneandBut-2-enerespectively
Chemicalequation
CH3CH2CH2CH2OH(l)--concH2SO4/180oC-->CH3CH2CH2=CH2(g)+H2O(l)
Butan-1-ol But-1-ene

CH3CHOHCH2CH3(l)--concH2SO4/180oC-->CH3CH=CHCH2(g)+H2O(l)
Butan-2-ol But-2-ene

(b)Butan-1-olandButan-2-olaredehydratedbyheatingstronglyaluminium (III)oxide
(Al2O3)form But-1-eneandBut-2-enerespectively.
Chemicalequation
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CH3CH2CH2CH2OH(l)--Heat/Al2O3-->CH3CH2CH2=CH2(g)+H2O(l)
Butan-1-ol But-1-ene

CH3CHOHCH2CH3(l)--Heat/Al2O3-->CH3CH=CHCH2(g)+H2O(l)
Butan-2-ol But-2-ene

Laboratorysetupforthepreparationofalkenes/ethene

Caution
(i)Ethanolishighlyinflammable
(ii)ConcH2SO4ishighlycorrosiveonskincontact.
(iii)Commonschoolthermometerhasmaximum calibrationof110oCandthuscannot
beused.Itbreaks/cracks.

(i)Usingconentratedsulphuric(VI)acid

Somebrokenporcelainorsandshouldbeputintheflaskwhenheatingto:
(i)preventbumpingwhichmaybreaktheflask.
(ii)ensureuniform andsmoothboilingofthemixture

Thetemperaturesshouldbemaintainedatabove160oC.
Atlowertemperaturesanothercompound-etherispredominantlyformedinsteadof
ethenegas.
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(ii)Usingaluminium(III)oxide

(e)Propertiesofalkenes
I.Physicalproperties

Likealkanes,alkenesarecolourlesgases,solidsandliquidsthatarenotpoisonous.
Theyareslightlysolubleinwater.

Thesolubilityinwaterdecreaseasthecarbonchainandasthemolarmassincrease
butverysolubleinorganicsolventsliketetrachloromethaneandmethylbenzene.
Themeltingandboilingpointincreaseasthecarbonchainincrease.
Thisisbecauseoftheincreaseinvan-der-waals/intermolecularforcesasthecarbon
chainincrease.
The1stfourstraightchainalkenes(ethene,propane,but-1-eneandpent-1-ene)aregases
atroom temperatureandpressure.
Thedensityofstraightchainalkenes,likealkanes,increasewithincreasingcarbon
chainastheintermolecularforcesincreasesreducingthevolumeoccupiedbyagiven
massofthealkene.

Summaryofphysicalpropertiesofthe1stfivealkenes

Alkene General
formula

Melting
point(oC)

Boiling
point(K)

Stateatroom(298K)
temperatureand
pressureatmosphere
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(101300Pa)
Ethene CH2CH2 -169 -104 gas
Propene CH3CHCH2 -145 -47 gas
Butene CH3CH2

CHCH2

-141 -26 gas

Pent-1-
ene

CH3(CH2

CHCH2

-138 30 liquid

Hex-1-
ene

CH3(CH2)
CHCH2

-98 64 liquid

II.Chemicalproperties
(a)Burning/combustion

Alkenesburnwithayellow/luminoussooty/smokyflameinexcessairtoform
carbon(IV)oxideandwater.
Alkene + Air -> carbon(IV)oxide+ water(excessair/oxygen)

Alkenesburnwithayellow/luminoussooty/smokyflameinlimitedairtoform
carbon(II)oxideandwater.
Alkene + Air -> carbon(II)oxide + water(limitedair)

Burningofalkeneswithayellow/luminoussooty/smokyflameisaconfirmatorytest
forthepresenceofthe=C=C=doublebondbecausetheyhavehigherC:Hratio.
Ahomologousserieswith C=C doubleor C C triplebondissaidtobe
unsaturated.
Ahomologousserieswith C C singlebondissaidtobesaturated.Mostofthe
reactionsoftheunsaturatedcompoundinvolvetryingtobesaturatedtoform a

C C singlebond.

Examplesofburningalkenes

1.(a)Ethenewhenignitedburnswithayellowsootyflameinexcessairtoform
carbon(IV)oxideandwater.
Ethene + Air -> carbon(IV)oxide+ water(excessair/oxygen)
C2H4(g) + 3O2(g) -> 2CO2(g) + 2H2O(l/g)

(b)Ethenewhenignitedburnswithayellowsootyflameinlimitedairtoform
carbon(II)oxideandwater.
Ethene + Air -> carbon(II)oxide + water(limitedair)
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C2H4(g) + 3O2(g) -> 2CO2(g) + 2H2O(l/g)

2.(a)Propenewhenignitedburnswithayellowsootyflameinexcessairtoform
carbon(IV)oxideandwater.
Propene + Air -> carbon(IV)oxide+ water(excessair/oxygen)
2C3H6(g) + 9O2(g) -> 6CO2(g) + 6H2O(l/g)

(a)Propenewhenignitedburnswithayellowsootyflameinlimitedairtoform
carbon(II)oxideandwater.
Propene + Air -> carbon(IV)oxide+ water(excessair/oxygen)
C3H6(g) + 3O2(g) -> 3CO(g) + 3H2O(l/g)

(b)Additionreactions
Anadditionreactionisonewhichanunsaturatedcompoundreactstoform asaturated
compound.Additionreactionsofalkenesarenamedfrom thereagentusedtocause
theaddtion/convertthedouble=C=C=tosingleC-Cbond.

(i)Hydrogenation
Hydrogenationisanadditionreactioninwhichhydrogeninpresenceof
Palladium/Nickelcatalystathightemperaturesreactwithalkenestoform alkanes.
Examples
1.WhenHydrogengasispassedthroughliquidvegetableandanimaloilatabout180oC
inpresenceofNickelcatalyst,solidfatisformed.
Hydrogenationisthususedtohardenoilstosolidfatespeciallymargarine.
Duringhydrogenation,onehydrogenatom inthehydrogenmoleculeattachitselftoone
carbonandtheotherhydrogentothesecondcarbonbreakingthedoublebondto
singlebond.

Chemicalequation
H2C=CH2 + H2 -Ni/Pa-> H3C -CH3

H H H H

C = C + H–H -Ni/Pa-> H-C–C-H

H H H H

2.Propeneundergohydrogenationtoform Propane

Chemicalequation
H3CCH=CH2 + H2 -Ni/Pa-> H3CCH-CH3
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H H H H H H

H C C =C + H–H -Ni/Pa-> H-C– C-C-H

H H H H H

3.BothBut-1-eneandBut-2-eneundergohydrogenationtoform Butane
Chemicalequation

But-1-ene + Hydrogen –Ni/Pa-> Butane
H3CCH2CH=CH2 + H2 -Ni/Pa-> H3CCH2CH-CH3

H H H H H H H H

H C C-C =C + H–H -Ni/Pa-> H-C-C– C-C-H

H H H H H H H

But-2-ene + Hydrogen –Ni/Pa-> Butane
H3CCH2=CHCH2 + H2 -Ni/Pa-> H3CCH2CH-CH3

H H H H H H H H

H C C= C-C-H + H–H -Ni/Pa-> H-C-C– C-C-H

H H H H H H

4.But-1,3-dieneshouldundergohydrogenationtoform Butane.Thereactionusestwo
molesofhydrogenmolecules/fourhydrogenatomstobreakthetwodoublebonds.

But-1,3-diene + Hydrogen –Ni/Pa-> Butane
H2CCHCH=CH2 + 2H2 -Ni/Pa-> H3CCH2CH-CH3

H H H H H H H H

H C C-C=C-H + 2(H–H)-Ni/Pa->H-C-C– C-C-H

H H H H

(ii)Halogenation.
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Halogenationisanadditionreactioninwhichahalogen(Fluorine,chlorine,bromine,
iodine)reactswithanalkenetoform analkane.
Thedoublebondinthealkenebreakandform asinglebond.

Thecolourofthehalogenfadesasthenumberofmolesofthehalogensremaining
unreacteddecreases/reduces.
Onebromineatom bondatthe1stcarboninthedoublebondwhiletheothergoesto
the2ndcarbon.

Examples
1Ethenereactswithbrominetoform 1,2-dibromoethane.
Chemicalequation

H2C=CH2 + Br2 H2BrC -CH2Br

H H H H

C = C + Br–Br Br-C–C-Br

H H H H
Ethene +Bromine 1,2-dibromoethane

2.Propenereactswithchlorinetoform 1,2-dichloropropane.
Chemicalequation

H3CCH=CH2 + Cl2 H3CCHCl-CH2Cl
Propene + Chlorine 1,2-dichloropropane
H H H H H H

H C C =C +Cl–Cl H-C– C-C-Cl

H H H Cl H

H H H H H H H H

H C C-C =C + I–I H-C-C– C-C-I

H H H H H H H H

3.BothBut-1-eneandBut-2-eneundergohalogenationwithiodinetoform 1,2-
diiodobutaneand2,3-diiodobutane
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Chemicalequation
But-1-ene + iodine 1,2diiodobutane
H3CCH2CH=CH2 + I2 H3CCH2CHI-CH2I

But-2-ene + Iodine 2,3-diiodobutane
H3CCH=CH-CH2 + F2 H3CCHICHI-CH3

H H H H H H H H

H C C= C-C-H + I–I H-C-C– C-C-H

H H H I I H
4.But-1,3-dieneshouldundergohalogenationtoform Butane.Thereactionusestwo
molesofiodinemolecules/fouriodineatomstobreakthetwodoublebonds.

But-1,3-diene + iodine 1,2,3,4-tetraiodobutane
H2C=CHCH=CH2 + 2I2 H2CICHICHI-CHI

H H H H H H H H

H C C-C=C-H + 2(I–I) H-C-C– C-C-H

I I I I

(iii)Reactionwithhydrogenhalides.
Hydrogenhalidesreactswithalkenetoform ahalogenoalkane.Thedoublebondinthe
alkenebreakandform asinglebond.
Themaincompoundisonewhichthehydrogenatom bondatthecarbonwithmore
hydrogen.
Examples
1.Ethenereactswithhydrogenbromidetoform bromoethane.
Chemicalequation

H2C=CH2 + HBr H3C -CH2Br

H H H H

C = C + H–Br H-C–C-Br

H H H H
Ethene + Bromine bromoethane
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2.Propenereactswithhydrogeniodidetoform 2-iodopropane.
Chemicalequation

H3CCH=CH2 + HI H3CCHI-CH3

Propene + Chlorine 2-chloropropane
H H H H H H

H C C =C +H–Cl H-C– C-C-H

H H H Cl H

3.BothBut-1-eneandBut-2-enereactswithhydrogenbromidetoform 2-bromobutane
Chemicalequation
But-1-ene +hydrogenbromide 2-bromobutane

H3CCH2CH=CH2 + HBr H3CCH2CHBr-CH3

H H H H H H H H

H C C-C =C +H–Br H-C-C– C-C-H

H H H H H Br H

But-2-ene +Hydrogenbromide 2-bromobutane
H3CCH=CH-CH2 +HBr H3CCHBrCH2-CH3

H H H H H H H H

H C C= C-C-H + Br–H H-C-C– C-C-H

H H H Br H H
4.But-1,3-dienereactwithhydrogeniodidetoform 2,3-diiodobutane.Thereaction
usestwomolesofhydrogeniodidemolecules/twoiodineatomsandtwohydrogen
atomstobreakthetwodoublebonds.

But-1,3-diene + iodine 2,3-diiodobutane
H2C=CHCH=CH2 + 2HI2 H3CCHICHI-CH3

H H H H H H H H

H C C-C=C-H + 2(H–I) H-C-C– C-C-H

H I I H

Carbonatom with

moreHydrogen

atomsgetsextra
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(iv)Reactionwithbromine/chlorinewater.
Chlorineandbrominewaterisformedwhenthehalogenisdissolvedindistilled
water.ChlorinewaterhastheformularHOCl(hypochlorous/chloric(I)acid).Bromine
waterhastheformularHOBr(hydrobromic(I)acid).
Duringtheadditionreaction.thehalogenmovetoonecarbonandtheOHtotheother
carboninthealkeneatthe=C=C=doublebondtoform ahalogenoalkanol.

Brominewater+Alkene->bromoalkanol
Chlorinewater+Alkene->bromoalkanol

Examples

1Ethenereactswithbrominewatertoform bromoethanol.
Chemicalequation

H2C=CH2 + HOBr H2BrC -CH2OH

H H H H

C = C + Br–OH Br-C–C-OH

H H H H
Ethene +Brominewater bromoethanol

2.Propenereactswithchlorinewatertoform chloropropan-2-ol/2-chloropropan-1-ol.
Chemicalequation

I.H3CCH=CH2 + HOCl H3CCHCl-CH2OH
Propene +Chlorinewater 2-chloropropane
H H H H H H

H C C =C +HO–Cl H-C– C-C-OH

H H H Cl H

II.H3CCH=CH2 + HOCl H3CCHOH-CH2Cl
Propene + Chlorine chloropropan-2-ol
H H H H H H

H C C =C +HO–Cl H-C– C-C-Cl

H H H OH H
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3.BothBut-1-eneandBut-2-enereactwithbrominewatertoform 2-bromobutan-1-ol/3
-bromobutan-2-olrespectively

Chemicalequation
I.But-1-ene + brominewater 2-bromobutan-1-ol

H3CCH2CH=CH2 + HOBr H3CCH2CHBr-CH2OH

H H H H H H H H

H C C-C =C +HO–Br H-C-C– C-C-OH

H H H H H Br H

II.But-2-ene + brominewater 3-bromobutan-2-ol
H3CCH=CHCH3 + HOBr H3CCH2OHCHBrCH3

H H H H H H H H

H C C-C =C +HO–Br H-C-C– C-C-OH

H H H H H Br H

4.But-1,3-dienereactswithbrominewatertoform Butan-1,3-diol.
Thereactionusestwomolesofbrominewatermoleculestobreakthetwodouble
bonds.

But-1,3-diene+ brominewater 2,4-dibromobutan-1,3-diol

H2C=CHCH=CH2 +2HOBr H2COHCHBrCHOHCHBr
H H H H H H H H

H C C-C=C-H +2(HO–Br) H-C-C– C-C-H

HO BrHO Br

(v)Oxidation.
Alkenesareoxidizedtoalkanolswithduo/doublefunctionalgroupsbyoxidizing

agents.
Whenanalkeneisbubbledintoorangeacidifiedpotassium/sodium dichromate(VI)
solution,thecolouroftheoxidizingagentchangestogreen.
Whenanalkeneisbubbledintopurpleacidifiedpotassium/sodium manganate(VII)
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solution,theoxidizingagentisdecolorized.
Examples

1Etheneisoxidizedtoethan-1,2-diolbyacidifiedpotassium/sodium manganate(VII)
solution/acidifiedpotassium/sodium dichromate(VI)solution.
Thepurpleacidifiedpotassium/sodium manganate(VII)solutionisdecolorized.
Theorangeacidifiedpotassium/sodium dichromate(VI)solutionturnstogreen.
Chemicalequation

H2C=CH2 [O]inH+/K2Cr2O7 HOCH2 -CH2OH

H H H H

C = C+[O]inH+/KMnO4 H-C–C-H

H H OH OH
Ethene +[O]inH+/KMnO4 ethan-1,2-diol

2.Propeneisoxidizedtopropan-1,2-diolbyacidifiedpotassium/sodium manganate(VII)
solution/acidifiedpotassium/sodium dichromate(VI)solution.
Thepurpleacidifiedpotassium/sodium manganate(VII)solutionisdecolorized.
Theorangeacidifiedpotassium/sodium dichromate(VI)solutionturnstogreen.
Chemicalequation

H3CCH=CH2 [O]inH+/KMnO4 H3CCHOH-CH2OH
Propene [O]inH+/KMnO4 propan-1,2-diol
H H H H H H

H C C =C [O]inH+/KMnO4 H-C– C-C-OH

H H H OH H

3.BothBut-1-eneandBut-2-enereactwithbrominewatertoform butan-1,2-dioland
butan-2,3-diol

Chemicalequation
I.But-1-ene +[O]inH+/KMnO4 butan-1,2-diol

H3CCH2CH=CH2 + [O] H3CCH2CHOH-CH2OH

H H H H H H H H



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 96

H C C-C =C +[O] H-C-C– C-C-OH

H H H H H OH H

(v)Hydrolysis.
Hydrolysisisthereactionofacompoundwithwater/additionofH-OHtoacompound.
Alkenesundergohydrolysistoform alkanols.
Thistakesplaceintwosteps:
(i)Alkenesreactwithconcentratedsulphuric(VI)acidatroom temperatureand
pressuretoform alkylhydrogensulphate(VI).

Alkenes+concentratedsulphuric(VI)acid->alkylhydrogensulphate(VI)

(ii)Onaddingwatertoalkylhydrogensulphate(VI)thenwarming,analkanolisformed.
alkylhydrogensulphate(VI)+water-warm->Alkanol.

Examples
(i)Ethenereactswithcoldconcentratedsulphuric(VI)acidtoform ethylhydrogen
sulphate(VII)
Chemicalequation

H2C=CH2 + H2SO4 CH3 -CH2OSO3H

H H H O-SO3H

C = C + H2SO4 H-C–C-H

H H H H
Ethene + H2SO4 ethylhydrogensulphate(VI)

(ii)Ethylhydrogensulphate(VI)ishydrolysedbywatertoethanol
Chemicalequation

CH3 -CH2OSO3H + H2O CH3 -CH2OH +H2SO4

H OSO3H H OH

H-C - C-H +H2O H-C–C-H +H2SO4

H H H H
ethylhydrogensulphate(VI)+H2O Ethanol
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2.Propenereactswithcoldconcentratedsulphuric(VI)acidtoform propylhydrogen
sulphate(VII)
Chemicalequation

CH3H2C=CH2 + H2SO4 CH3CH2 -CH2OSO3H

H H H H H O-SO3H

C = C-C-H +H2SO4 H-C-C–C-H

H H H H H H
Propene + H2SO4 propylhydrogensulphate(VI)

(ii)Propylhydrogensulphate(VI)ishydrolysedbywatertopropanol
Chemicalequation

CH3 -CH2OSO3H + H2O CH3 -CH2OH +H2SO4

H H OSO3H H H OH

H-C-C - C-H +H2O H-C-C–C-H +H2SO4

H H H H H H
propylhydrogensulphate(VI)+H2O propanol

(vi)Polymerization/selfaddition

Additionpolymerizationistheprocesswhereasmallunsaturatedmonomer(alkene)
moleculejointogethertoform alargesaturatedmolecule.
Onlyalkenesundergoadditionpolymerization.
Additionpolymersarenamedfrom thealkene/monomermakingthepolymerand

addingtheprefix“poly”beforethenameofmonomertoform apolyalkene

Duringadditionpolymerization
(i)thedoublebondinalkenesbreak
(ii)freeradicalsareformed
(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule.

Themorecollisionsthelargerthemolecule.

Examplesofadditionpolymerization

1.FormationofPolyethene
Polyetheneisanadditionpolymerformedwhenethenemolecule/monomerjoin



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 98

togethertoform alargemolecule/polymerathightemperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingpaticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H H H H H H H H

Ethene + Ethene + Ethene + Ethene +…

(ii)thedoublebondjoiningtheethanemoleculebreaktofreereadicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H H H H H H H H

Etheneradical +Etheneradical + Etheneradical + Etheneradical +…

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C–C-C–C-C–C-C-C• + …

H H H H H H H H
Lonepairofelectronscanbeusedtojoinmoremonomerstoform longerpolyethene.
Polyethenemoleculecanberepresentedas:

H H H H H H H H extensionof
molecule/polymer

-C–C-C–C-C–C-C–C-

H H H H H H H H
Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
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H H

(C–C )n

H H
Wherenisthenumberofmonomersinthepolymer.Thenumberofmonomersinthe

polymercanbedeterminedfrom themolarmassofthepolymerandmonomerfrom
therelationship:
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer

Molarmassmonomer

Examples
Polythenehasamolarmassof4760.Calculatethenumberofethenemoleculesinthe
polymer(C=12.0,H=1.0)

Numberofmonomers/repeatingunitsinpolyomer=Molarmasspolymer
Molarmassmonomer

=>Molarmassethene(C2H4)=28Molarmasspolyethene=4760

Substituting 4760 = 170ethenemolecules
28

Thecommercialnameofpolyetheneispolythene.
Itisanelastic,tough,transparentanddurableplastic.
Polytheneisused:

(i)inmakingplasticbag
(ii)bowlsandplasticbags
(iii)packagingmaterials

2.FormationofPolychlorethene
Polychloroetheneisanadditionpolymerformedwhenchloroethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingparticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H Cl H Cl H Cl H Cl
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chloroethene + chloroethene + chloroethene+ chloroethene +…

(ii)thedoublebondjoiningthechloroethenemoleculebreaktofreeradicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H Cl H Cl H Cl H Cl

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C–C-C–C-C–C-C-C• + …

H Cl H ClH ClH Cl
Lonepairofelectronscanbeusedtojoinmoremonomerstoform longer
polychloroethene.
Polychloroethenemoleculecanberepresentedas:

H H H H H H H H extensionof
molecule/polymer

-C–C-C–C-C–C-C–C- + …

H Cl H ClH ClH Cl

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
H H

(C–C )n

H Cl

Examples
Polychlorothenehasamolarmassof4760.Calculatethenumberofchlorethene
moleculesinthepolymer(C=12.0,H=1.0,Cl=35.5)

Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer
Molarmassmonomer
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=>Molarmassethene(C2H3Cl)=62.5Molarmasspolyethene=4760

Substituting 4760 =77.16 =>77polychloroethenemolecules(wholenumber)
62.5

Thecommercialnameofpolychloroetheneispolyvinylchloride(PVC).Itisatough,non-
transparentanddurableplastic.PVCisused:

(i)inmakingplasticrope
(ii)waterpipes
(iii)cratesandboxes

3.FormationofPolyphenylethene
Polyphenyletheneisanadditionpolymerformedwhenphenylethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingparticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H C6H5 H C6H5 H C6H5 H C6H5

phenylethene + phenylethene+ phenylethene+ phenylethene +…

(ii)thedoublebondjoiningthephenylethenemoleculebreaktofreeradicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H C6H5 H C6H5 H C6H5 H C6H5

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C – C -C – C -C – C -C -C • + …
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H C6H5 H C6H5 H C6H5 H C6H5

Lonepairofelectronscanbeusedtojoinmoremonomerstoform longer
polyphenylethene.
Polyphenylethenemoleculecanberepresentedas:

H H H H H H H H

-C – C - C – C -C – C -C -C -

H C6H5 H C6H5 H C6H5 H C6H5

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
H H

(C–C )n

H C6H5

Examples
Polyphenylthenehasamolarmassof4760.Calculatethenumberofphenylethene
moleculesinthepolymer(C=12.0,H=1.0,)

Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer
Molarmassmonomer

=>Molarmassethene(C8H8)=104Molarmasspolyethene=4760

Substituting 4760=45.7692=>45polyphenylethenemolecules(wholenumber)
104

Thecommercialnameofpolyphenyletheneispolystyrene.Itisaverylightdurable
plastic.Polystyreneisused:

(i)inmakingpackagingmaterialforcarryingdelicateitemslikecomputers,
radion,calculators.

(ii)ceilingtiles
(iii)clothelinings

4.FormationofPolypropene
Polypropeneisanadditionpolymerformedwhenpropenemolecule/monomerjoin
togethertoform alargemolecule/polymerathightemperaturesandpressure.

Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
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reducesthevolumeoccupiedbyreactingparticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H CH3 H CH3 H CH3 H CH3

propene + propene+ propene + propene +…

(ii)thedoublebondjoiningthephenylethenemoleculebreaktofreeradicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H CH3 H CH3 H CH3 H CH3

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C – C -C – C -C – C -C -C • + …

H CH3 H CH3 H CH3 H CH3

Lonepairofelectronscanbeusedtojoinmoremonomerstoform longerpropene.
propenemoleculecanberepresentedas:

H H H H H H H H

-C – C - C – C -C – C -C -C -

H CH3 H CH3 H CH3 H CH3

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
H H

(C–C )n

H CH3

Examples
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Polypropenehasamolarmassof4760.Calculatethenumberofpropenemoleculesin
thepolymer(C=12.0,H=1.0,)

Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer
Molarmassmonomer

=>Molarmasspropene(C3H8)=44Molarmasspolyethene=4760

Substituting 4760=108.1818=>108propenemolecules(wholenumber)
44

Thecommercialnameofpolyphenyletheneispolystyrene.Itisaverylightdurable
plastic.Polystyreneisused:

(i)inmakingpackagingmaterialforcarryingdelicateitemslikecomputers,
radion,calculators.

(ii)ceilingtiles
(iii)clothelinings

5.FormationofPolytetrafluorothene
Polytetrafluorotheneisanadditionpolymerformedwhentetrafluoroethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingparticles)

F F F F F F F F

C=C + C=C + C=C + C=C + …

F F F F F F F F

tetrafluoroethene+tetrafluoroethene+tetrafluoroethene+tetrafluoroethene+…

(ii)thedoublebondjoiningthetetrafluoroethenemoleculebreaktofreeradicals

F F F F F F F F

•C–C• + •C-C• + •C-C• + •C-C• + …



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 105

F F F F F F F F

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

F F F F F F F F lonepairofelectrons

•C–C-C–C-C–C-C-C• + …

F F F F F F F F
Lonepairofelectronscanbeusedtojoinmoremonomerstoform longer
polytetrafluoroethene.
polytetrafluoroethenemoleculecanberepresentedas:

F F F F F F F F extensionof
molecule/polymer

-C–C-C–C-C–C-C–C- + …

F F F F F F F F

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
F F

(C–C )n

F F
Examples

Polytetrafluorothenehasamolarmassof4760.Calculatethenumberof
tetrafluoroethenemoleculesinthepolymer(C=12.0,,F=19)
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer

Molarmassmonomer
=>Molarmassethene(C2F4)=62.5Molarmasspolyethene=4760

Substituting 4760 =77.16 =>77polychloroethenemolecules(wholenumber)
62.5

Thecommercialnameofpolytetrafluorethene(P.T.F.E)isTeflon(P.T.F.E).Itisatough,
non-transparentanddurableplastic.PVCisused:

(i)inmakingplasticrope
(ii)waterpipes
(iii)cratesandboxes
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6.Formationofrubberfrom Latex
Naturalrubberisobtainedfrom rubbertrees.
Duringharvestinganincisionismadeontherubbertreetoproduceamilkywhite

substancecalledlatex.
Latexisamixtureofrubberandlotsofwater.
Thelatexisthenaddedanacidtocoagulatetherubber.
Naturalrubberisapolymerof2-methylbut-1,3-diene;

H CH3 H H

CH2=C(CH3)CH=CH2 H -C = C – C = C -H

Duringnaturalpolymerizationtorubber,onedoubleC=Cbondbreaktoselfaddto
anothermolecule.Thedoublebondremainingmovetocarbon“2”thus;

H CH3 H H H CH3 H H

-C - C = C - C -C - C = C - C -

H H H H
Generallythestructureofrubberisthus;

H CH3 H H

-(-C - C = C - C -)n-

H H
Purerubberissoftandsticky.Itisusedtomakeerasers,cartyres.Mostofitis
vulcanized.Vulcanizationistheprocessofheatingrubberwithsulphurtomakeit
harder/tougher.
Duringvulcanizationthesulphuratomsform acrosslinkbetweenchainsofrubber
molecules/polymers.ThisdecreasesthenumberofC=Cdoublebondsinthepolymer.

H CH3 H H H CH3 H H

-C - C -C - C -C - C - C - C -

H S H H S H

H CH3 S H H CH3 S H

Sulphuratoms

makecrosslink

betweenpolymers
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-C - C - C - C -C - C - C - C -

H H H H H H
Vulcanizedrubberisusedtomaketyres,shoesandvalves.

7.Formationofsyntheticrubber
Syntheticrubberisabletoresistactionofoil,abrasionandorganicsolventswhich
rubbercannot.
Commonsyntheticrubberisapolymerof2-chlorobut-1,3-diene;

H Cl H H

CH2=C(ClCH=CH2 H -C = C – C = C -H

Duringpolymerizationtosyntheticrubber,onedoubleC=Cbondisbrokentoselfadd
toanothermolecule.Thedoublebondremainingmovetocarbon“2”thus;

H Cl H H H Cl H H

-C - C = C - C -C - C = C - C -

H H H H
Generallythestructureofrubberisthus;

H Cl H H

-(-C - C = C - C -)n-

H H
Rubberisthusstrengthenedthroughvulcanizationandmanufactureofsynthetic
rubber.

(c)Testforthepresenceof –C=C–doublebond.

(i)Burning/combustion

Allunsaturatedhydrocarbonswitha –C=C–or–C =C–bondburnwithayellow
sootyflame.

Experiment
Scoopasampleofthesubstanceprovidedinacleanmetallicspatula.Introduceiton
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aBunsenburner.

Observation Inference
Solidmeltthenburnswitha
yellowsootyflame

–C=C–,

–C =C–bond

(ii)OxidationbyacidifiedKMnO4/K2Cr2O7

Brominewater,ChlorinewaterandOxidizingagentsacidifiedKMnO4/K2Cr2O7change
touniquecolourinpresenceof–C=C–

or–C=C–bond.

Experiment
Scoopasampleofthesubstanceprovidedintoacleantesttube.Add10cm3of

distilledwater.Shake.Takeaportionofthesolutionmixture.Addthreedropsof
acidifiedKMnO4/K2Cr2O7.

Observation Inference
AcidifiedKMnO4decolorized

OrangecolourofacidifiedK2Cr2O7

turnsgreen

Brominewaterisdecolorized

Chlorinewaterisdecolorized

–C=C–

–C=C–bond

(d)SomeusesofAlkenes
1.Inthemanufactureofplastic
2.Hydrolysisofetheneisusedinindustrialmanufactureofethanol.
3.Inripeningoffruits.
4.Inthemanufactureofdetergents.
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(iii)Alkynes

(a)Nomenclature/Naming

ThesearehydrocarbonswithageneralformulaCnH2n-2 and C C doublebond
asthefunctionalgroup.nisthenumberofCarbonatomsinthemolecule.
Thecarbonatomsarelinkedbyatleastonetriplebondtoeachotherandsinglebonds

tohydrogenatoms.

Theyinclude:
n General/

Molecular
formula

Structuralformula Name

1 Doesnotexist -

2 C2H2

H C C H
CHCH

Ethyne

3 C3H4 H

H C C C H

H
CH C CH3

Propyne

4 C4H6 H H

H C C C C H

H H
CH C CH2CH3

Butyne
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5 C5H8 H H H

H C C C C C H

H H H
CH C (CH2)2CH3

Pentyne

6 C6H10 H H H H

H C C C C C C H

H H H H
CH C (CH2)3CH3

Hexyne

7 C7H12 H H H H H

H C C C C C C C H

H H H H H H H
CH C (CH2)4CH3

Heptyn
e

8 C8H14 H H H H H H

H C C C C C C C C H

H H H H H H
CH C (CH2)5CH3

Octyne

9 C9H16 H H H H H H H

H C C C C C C C C C H

H H H H H H H
CH C (CH2)6CH3

Nonyne

10 C10H18 H H H H H H H H

H C C C C C C C C C C H

H H H H H H H H
CH C (CH2)7CH3

Decyne
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Note
1.Sincecarbonistetravalent,eachatom ofcarboninthealkyneMUSTalwaysbe
bondedusingfourcovalentbond/foursharedpairsofelectronsincludingatthetriple
bond.
2.SinceHydrogenismonovalent,eachatom ofhydrogeninthealkyneMUSTalways

bebondedusingonecovalentbond/onesharedpairofelectrons.
3.Onememberofthealkyne,likealkenesandalkanes,differfrom thenext/previousby
aCH2 group(molarmassof14atomicmassunits).Theythusform ahomologous
series.
e.g

Propynedifferfrom ethyneby(14a.m.u)onecarbonandtwoHydrogenatomsfrom
ethyne.
4.Ahomologousseriesofalkeneslikethatofalkanes:

(i)differbyaCH2 groupfrom thenext/previousconsecutively
(ii)havesimilarchemicalproperties
(iii)havesimilarchemicalformulawithgeneralformulaCnH2n-2

(iv)thephysicalpropertiesalsoshowsteadygradualchange

5.The -C=C-triplebondinalkyneisthefunctionalgroup.Thefunctionalgroupisthe
reactingsiteofthealkynes.
6.The -C=C-triplebondinalkynecaneasilybebrokentoaccommodatemore/four
moremonovalentatoms.The -C=C-triplebondinalkynesmakeitthusunsaturated
likealkenes.
7.Mostofthereactionsofalkyneslikealkenestakeplaceatthe-C=C-triplebond.

(b)Isomersofalkynes
Isomersofalkyneshavethesamemoleculargeneralformulabutdifferentmolecular
structuralformula.
IsomersofalkynesarealsonamedbyusingtheIUPAC(InternationalUnionofPureand
AppliedChemistry)system ofnomenclature/naming.
TheIUPACsystem ofnomenclatureofnamingalkynesusesthefollowingbasic

rules/guidelines:

1.Identifythelongestcontinuous/straightcarbonchainwhichcontainsthe-C=C-
triplebondtoget/determinetheparentalkene.

2.Numberthelongestchainform theendofthechainwhichcontainsthe-C =C-
triplebondsoas-C=C-triplebondgetlowestnumberpossible.

3Indicatethepositionsbysplitting“alk-positions-yne”e.g.but-2-yne,pent-1,3-diyne.
4.Thepositionindicatedmustbeforthecarbonatom atthelowerpositioninthe
-C=C-triplebond.i.e
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But-2-ynemeansthetriple-C=C-isbetweenCarbon“2”and“3”
Pent-1,3-diynemeanstherearetwotriplebonds;onebetweencarbon“1”and“2”and

anotherbetweencarbon“3”and“4”

5.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,
propyle.tc.accordingtothenumberofalkylcarbonchainsattachedtothealkyne.
Namethem fluoro-,chloro-,bromo-,iodo-iftheyarehalogens

6.Useprefixdi-,tri-,tetra-,penta-,hexa-toshowthenumberoftriple-C=C-bondsand
branchesattachedtothealkyne.
7.Positionisomerscanbeformedwhenthe-C=C-triplebondisshiftedbetween

carbonatomse.g.
But-2-ynemeansthedouble-C=C-isbetweenCarbon“2”and“3”
But-1-ynemeansthedouble-C=C-isbetweenCarbon“1”and“2”
BothBut-1-yneandBut-2-ynearepositionisomersofButyne.

9.Likealkanesandalkynes,analkylgroupcanbeattachedtothealkyne.
Chain/branchisomersarethusformed.
Butyneand2-methylpropynebothhavethesamegeneralformularbutdifferent
branchingchain.

(Moreonpowerpoint)

(c)PreparationofAlkynes.

Ethyneispreparedfrom thereactionofwateroncalcium carbide.Thereactionis
highlyexothermicandthusalayerofsandshouldbeputabovethecalcium carbideto
absorbexcessheattopreventthereactionflaskfrom breaking.Copper(II)sulphate(VI)
isusedtocatalyzethereaction



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 113

Chemicalequation
CaC2(s)+2H2O(l)-> Ca(OH)2(aq)+C2H2(g)

(d)Propertiesofalkynes
I.Physicalproperties

Likealkanesandalkenes,alkynesarecolourlesgases,solidsandliquidsthatarenot
poisonous.
Theyareslightlysolubleinwater.Thesolubilityinwaterdecreaseasthecarbonchain

andasthemolarmassincreasebutverysolubleinorganicsolventslike
tetrachloromethaneandmethylbenzene.Ethynehasapleasanttastewhenpure.
Themeltingandboilingpointincreaseasthecarbonchainincrease.
Thisisbecauseoftheincreaseinvan-der-waals/intermolecularforcesasthecarbon
chainincrease.The1stthreestraightchainalkynes(ethyne,propyneandbut-1-yne)are
gasesatroom temperatureandpressure.
Thedensityofstraightchainalkynesincreasewithincreasingcarbonchainasthe
intermolecularforcesincreasesreducingthevolumeoccupiedbyagivenmassofthe
alkyne.

Summaryofphysicalpropertiesofthe1stfivealkenes
Alkyne General

formula
Melting
point(oC)

Boiling
point(oC)

Stateatroom(298K)
temperatureand
pressure
atmosphere
(101300Pa)

Ethyne CHCH -82 -84 gas
Propyne CH3CCH -103 -23 gas
Butyne CH3CH2CCH -122 8 gas
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Pent-1-yne CH3(CH2)2CCH -119 39 liquid
Hex-1-yne CH3(CH2)3C

CH
-132 71 liquid

II.Chemicalproperties
(a)Burning/combustion

Alkynesburnwithayellow/luminousverysooty/smokyflameinexcessairtoform
carbon(IV)oxideandwater.
Alkyne + Air -> carbon(IV)oxide+ water(excessair/oxygen)

Alkenesburnwithayellow/luminousverysooty/smokyflameinlimitedairtoform
carbon(II)oxide/carbonandwater.
Alkyne + Air -> carbon(II)oxide/carbon + water(limitedair)
Burningofalkyneswithayellow/luminoussooty/smokyflameisaconfirmatorytest
forthepresenceofthe-C=C–triplebondbecausetheyhaveveryhigh C:Hratio.

Examplesofburningalkynes
1.(a)Ethynewhenignitedburnswithayellowverysootyflameinexcessairtoform
carbon(IV)oxideandwater.
Ethyne + Air -> carbon(IV)oxide+ water(excessair/oxygen)
2C2H2(g) + 5O2(g) -> 4CO2(g) + 2H2O(l/g)

(b)Ethynewhenignitedburnswithayellowsootyflameinlimitedairtoform a
mixtureofunburntcarbonandcarbon(II)oxideandwater.
Ethyne + Air -> carbon(II)oxide + water(limitedair)
C2H2(g) + O2(g)-> 2CO2(g)+ C + 2H2O(l/g)

2.(a)Propynewhenignitedburnswithayellowsootyflameinexcessairtoform
carbon(IV)oxideandwater.
Propyne + Air -> carbon(IV)oxide+ water(excessair/oxygen)
C3H4(g) + 4O2(g) -> 3CO2(g) + 2H2O(l/g)

(a)Propynewhenignitedburnswithayellowsootyflameinlimitedairtoform
carbon(II)oxideandwater.
Propene + Air -> carbon(IV)oxide+ water(excessair/oxygen)
2C3H4(g) + 5O2(g) -> 6CO(g) + 4H2O(l/g)

(b)Additionreactions
Anadditionreactionisonewhichanunsaturatedcompoundreactstoform asaturated
compound.Additionreactionsofalkynesarealsonamedfrom thereagentusedto
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causetheaddition/convertthetriple -C =C-tosingleC-Cbond.

(i)Hydrogenation
Hydrogenationisanadditionreactioninwhichhydrogeninpresenceof
Palladium/Nickelcatalystat150oCtemperaturesreactwithalkynestoform alkenes
thenalkanes.
Examples
1.Duringhydrogenation,twohydrogenatom inthehydrogenmoleculeattachitselfto
onecarbonandtheothertwohydrogentothesecondcarbonbreakingthetriplebond
todoublethesingle.
Chemicalequation

HC=CH +H2 -Ni/Pa->H2C=CH2+H2 -Ni/Pa->H2C -CH2

H H H H H H

C =C+H–H -Ni/Pa->H-C=C–H+H–H -Ni/Pa->H-C -C–H

H H H H H H

2.Propyneundergohydrogenationtoform Propane

Chemicalequation
H3CCH=CH2 + 2H2 -Ni/Pa-> H3CCH-CH3

H H H H H H

H C C =C + 2H–H -Ni/Pa-> H-C– C-C-H

H H H H H

3(a)But-1-yneundergohydrogenationtoform Butane
Chemicalequation

But-1-yne + Hydrogen –Ni/Pa-> Butane
H3CCH2C=CH + 2H2 -Ni/Pa-> H3CCH2CH-CH3

H H H H H H H

H C C-C =C +2H–H -Ni/Pa-> H-C-C– C-C-H

H H H H H H
(b)But-2-yneundergohydrogenationtoform Butane
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Chemicalequation
But-2-yne + Hydrogen –Ni/Pa-> Butane
H3CC=CCH2 + 2H2 -Ni/Pa-> H3CCH2CH-CH3

H H H H H H

H C C= C -C H + 2H–H-Ni/Pa->H-C-C– C-C-H

H H H H H H

(ii)Halogenation.
Halogenationisanadditionreactioninwhichahalogen(Fluorine,chlorine,bromine,
iodine)reactswithanalkynetoform analkenethenalkane.
Thereactionofalkyneswithhalogenswithalkynesisfasterthanwithalkenes.The
triplebondinthealkynebreakandform adoublethensinglebond.
Thecolourofthehalogenfadesasthenumberofmolesofthehalogensremaining
unreacteddecreases.
Twobromineatomsbondatthe1stcarboninthetriplebondwhiletheothertwogoes
tothe2ndcarbon.

Examples
1Ethynereactswithbrownbrominevapourtoform 1,1,2,2-tetrabromoethane.
Chemicalequation

HC=CH + 2Br2 HBr2C -CHBr2

H H H H

C = C + 2Br–Br Br-C–C-Br

Br Br
Ethyne +Bromine 1,1,2,1-tetrabromoethane

2.Propynereactswithchlorinetoform 1,1,2,2-tetrachloropropane.
Chemicalequation

H3CC=CH + 2Cl2 H3CCHCl2-CHCl2

Propyne + Chlorine 1,1,2,2-tetrachloropropane
H H Cl H

H C C =C +2Cl–Cl H-C– C-C-Cl
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H H H Cl Cl
Propyne + Iodine 1,1,2,2-tetraiodopropane
H3CC=CH + 2I2 H3CCHI2-CHI2

H H H H H I H

H C C-C =C + 2I–I H-C-C– C-C-I

H H H H I I

3(a)But-1-yneundergohalogenationtoform 1,1,2,2-tetraiodobutanewithiodine
Chemicalequation

But-1-yne + iodine 1,1,2,2-tetrabromobutane
H3CCH2C=CH + 2I2 H3CCH2CI2-CHI2

H H H H I I

H C C-C=C-H + 2I–I H-C-C– C-C-H

H H H H H I I

(b)But-2-yneundergohalogenationtoform 2,2,3,3-tetrafluorobutanewithfluorine
But-2-yne + Fluorine 2,2,3,3-tetrafluorobutane
H3CC=C-CH2 + 2F2 H3CCF2CF2-CH3

H H H H H H H H

H C C= C-C-H + F–F H-C-C– C-C-H

H H H H H H
4.But-1,3-diyneshouldundergohalogenationtoform 1,1,2,3,3,4,4octaiodobutane.
Thereactionusesfourmolesofiodinemolecules/eightiodineatomstobreakthe
two(2)tripledoublebondsatcarbon“1”and“2”.

But-1,3-diene + iodine 1,2,3,4-tetraiodobutane
HC=C C=CH + 4I2 HCI2CI2CI2CHI2

I I I I

H C C-C=C-H + 4(I–I) H-C-C– C-C-H
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I I I I

(iii)Reactionwithhydrogenhalides.
Hydrogenhalidesreactswithalkynetoform ahalogenoalkenethenhalogenoalkane.
Thetriplebondinthealkynebreakandform adoublethensinglebond.
Themaincompoundisonewhichthehydrogenatom bondatthecarbonwithmore
hydrogen.
Examples
1.Ethynereactswithhydrogenbromidetoform bromoethane.
Chemicalequation

HC=CH + 2HBr H3C -CHBr2

H H H H

C = C + 2H–Br H-C–C-Br

H Br
Ethyne + Bromine 1,1-dibromoethane

2.Propynereactswithhydrogeniodidetoform 2,2-diiodopropane(asthemainproduct
)

Chemicalequation
H3CC=CH + 2HI H3CCHI2-CH3

Propene + Chlorine 2,2-dichloropropane
H H I H

H C C =C +2H–I H-C– C-C-H

H H H I H

3.BothBut-1-yneandBut-2-ynereactswithhydrogenbromidetoform 2,2-
dibromobutane

Chemicalequation
But-1-ene +hydrogenbromide 2,2-dibromobutane

H3CCH2C=CH +2HBr H3CCH2CHBr-CH3

H H H H Br H

Carbonatom with

moreHydrogen

atomsgetsextra
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H C C-C =C +2H–Br H-C-C– C-C-H

H H H H H Br H

But-2-yne +Hydrogenbromide 2,2-dibromobutane

H3CC=C-CH3 +2HBr H3CCBr2CH2-CH3

H H H Br H H

H C C= C-C-H + 2Br–H H-C-C– C-C-H

H H H Br H H

4.But-1,3-dienereactwithhydrogeniodidetoform 2,3-diiodobutane.Thereaction
usesfourmolesofhydrogeniodidemolecules/fouriodineatomsandtwohydrogen
atomstobreakthetwodoublebonds.

But-1,3-diyne + iodine 2,2,3,3-tetraiodobutane
HC=CC=CH + 4HI H3CCI2CI2CH3

H H H I I H

H C C-C=C-H + 4(H–I) H-C-C– C-C-H

H I I H
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B.ALKANOLS(Alcohols)

(A)INTRODUCTION.

Alkanolsbelongtoahomologousseriesoforganiccompoundswithageneralformula
CnH2n+1OHandthus-OH asthefunctionalgroup.The1sttenalkanolsinclude
n General/

molecular
formular

Structuralformula IUPAC
name

1 CH3OH
H–C–O-H

│
H

Methanol

2 CH3CH2OH
C2H5OH

H H

H C –C–O-H
│

H H

Ethanol

3 CH3(CH2)2OH
C3H7OH

H H H

H C –C -C–O-H
│

H H H

Propanol

4 CH3(CH2)3OH
C4H9OH

H H H H

H C –C-C-C–O-H
│

H H H H

Butanol

5 CH3(CH2)4OH
C5H11OH

H H H H H

H C –C-C-C-C–O-H
│

H H H H H

Pentanol

6 CH3(CH2)5OH
C6H13OH

H H H H H H

H C –C-C-C-C– C-O-H

Hexanol
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│
H H H H H H

7 CH3(CH2)6OH
C7H15OH

H H H H H H H

H C –C-C-C-C– C–C-O-H
│

H H H H H H H

Heptanol

8 CH3(CH2)7OH
C8H17OH

H H H H H H H H

H C –C-C-C-C– C–C-C-O-H
│

H H H H H H H H

Octanol

9 CH3(CH2)8OH
C9H19OH

H H H H H H H H H

H C –C-C-C-C– C–C-C–C-O-H
│

H H H H H H H H H

Nonanol

10 CH3(CH2)9OH
C10H21OH

H H H H H H H H H H

H C –C-C-C-C– C–C-C–C-C-O-H
│

H H H H H H H H H H

Decanol

AlkanolslikeHydrocarbons(alkanes/alkenes/alkynes)form ahomologousseries
where:
(i)generalnameisderivedfrom thealkanenamethenendingwith“-ol”
(ii)themembershave–OHasthefuctionalgroup
(iii)theyhavethesamegeneralformularepresentedbyR-OHwhereRisanalkylgroup.
(iv)eachmemberdifferby–CH2groupfrom thenext/previous.
(v)theyshowasimilarandgradualchangeintheirphysicalpropertiese.g.boilingand
meltingpoints.
(vi)theyshowsimilarandgradualchangeintheirchemicalproperties.

B.ISOMERSOFALKANOLS.
Alkanolsexhibitbothstructuralandpositionisomerism.Theisomersarenamedby
usingthefollowingbasicguidelines:
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(i)Likealkanes,identifythelongestcarbonchaintobetheparentname.
(ii)Identifythepositionofthe-OHfunctionalgrouptogiveitthesmallest/lowest
position.
(iii)Identifythetypeandpositionofthesidebranches.

Practiceexamplesofisomersofalkanols

(i)IsomersofpropanolC3H7OH
CH3CH2CH2OH -Propan-1-ol

OH

CH3CHCH3 -Propan-2-ol

Propan-2-olandPropan-1-olarepositionisomersbecauseonlythepositionofthe–OH
functionalgroupchanges.

(ii)IsomersofButanolC4H9OH

CH3CH2CH3CH2OH Butan-1-ol

CH3CH2CHCH3

OH Butan-2-ol

CH3

CH3CH3CH3

OH 2-methylpropan-2-ol
Butan-2-olandButan-1-olarepositionisomersbecauseonlythepositionofthe -
OHfunctionalgroupchanges.
2-methylpropan-2-olisbothastructuralandpositionisomersbecauseboththe
positionofthefunctionalgroupandthearrangementoftheatomsinthemolecule
changes.

(iii)IsomersofPentanolC5H11OH

CH3CH2CH2CH2CH2OH Pentan-1-ol(Positionisomer)

CH3CH2CHCH3
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OH Pentan-2-ol(Positionisomer)

CH3CH2CHCH2CH3

OH Pentan-3-ol(Positionisomer)

CH3

CH3CH2CH2CCH3

OH 2-methylbutan-2-ol(Position/structuralisomer)

CH3

CH3CH2CH2CCHOH

CH3 2,2-dimethylbutan-1-ol(Position/structuralisomer)

CH3

CH3CH2CH CCH3

CH3 OH 2,3-dimethylbutan-1-ol(Position/structuralisomer)

(iv)1,2-dichloropropan-2-ol

CClH2CClCH3

OH
(v)1,2-dichloropropan-1-ol

CClH2CHClCH2

OH

(vi)Ethan1,2-diol
H H

HOCH2CH2OH H-O-C-C–O-H
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H H

(vii)Propan1,2,3-triol H OHH

HOCH2CHOHCH2OH H-O-C-C–C–O-H
H H H

C.LABORATORYPREPARATIONOFALKANOLS.

Fordecadestheworldover,peoplehavebeenfermentinggrapesjuice,sugar,
carbohydratesandstarchtoproduceethanolasasocialdrugforrelaxation.
Inlargeamount,drinkingofethanolbymammals/humanbeingscausesmentaland
physicallackofcoordination.
Prolongedintakeofethanolcausespermanentmentalandphysicallackof
coordinationbecauseitdamagesvitalorgansliketheliver.
Fermentationisthereactionwheresugarisconvertedtoalcohol/alkanolusing
biologicalcatalyst/enzymesinyeast.
Itinvolvesthreeprocesses:
(i)Conversionofstarchtomaltoseusingtheenzymediastase.

(C6H10O5)n(s)+H2O(l) --diastaseenzyme-->C12H22O11(aq)
(Starch) (Maltose)

(ii)HydrolysisofMaltosetoglucoseusingtheenzymemaltase.

C12H22O11(aq)+H2O(l) --maltaseenzyme-->2C6H12O6(aq)
(Maltose) (glucose)

(iii)Conversionofglucosetoethanolandcarbon(IV)oxidegasusingtheenzyme
zymase.

C6H12O6(aq) --zymaseenzyme-->2C2H5OH(aq)+2CO2(g)
(glucose) (Ethanol)

Atconcentrationgreaterthan15%byvolume,theethanolproducedkillstheyeast
enzymestoppingthereaction.
Toincreasestheconcentration,fractionaldistillationisdonetoproducespirits(e.g.
Brandy=40%ethanol).
Methanolismuchmorepoisonous/toxicthanethanol.
Takenlargequantityinsmallquantityitcausesinstantblindnessandliver,killingthe
consumervictim withinhours.
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Schoollaboratorypreparationofethanolfrom fermentationofglucose
Measure100cm3ofpurewaterintoaconicalflask.
Addaboutfivespatulaendfullofglucose.
Stirthemixturetodissolve.
Addaboutonespatulaendfullofyeast.

Setuptheapparatusasbelow.

Preservethemixtureforaboutthreedays.

D.PHYSICALANDCHEMICALPROPERTIESOFALKANOLS
Usethepreparedsampleaboveforthefollowingexperimentsthatshowsthe

characteristicpropertiesofalkanols

(a)Roleofyeast
Yeastisasinglecellfunguswhichcontainstheenzymemaltaseandzymasethat
catalysethefermentationprocess.

(b)Observationsinlimewater.
Awhiteprecipitateisformedthatdissolvetoacolourlesssolutionlater.Lime
water/Calcium hydroxidereactswithcarbon(IV)0xideproducedduringthe
fermentationtoform insolublecalcium carbonateandwater.
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Morecarbon(IV)0xideproducedduringfermentationreactwiththeinsolublecalcium
carbonateandwatertoform solublecalcium hydrogencarbonate.

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

(c)Effectsonlitmuspaper
Experiment

Takethepreparedsampleandtestwithbothblueandredlitmuspapers.
Repeatthesamewithpureethanolandmethylatedspirit.
SampleObservationtable

Substance/alkanol Effectonlitmuspaper
Preparedsample Bluelitmuspaperremainblue

Redlitmuspaperremainred
Absoluteethanol Bluelitmuspaperremainblue

Redlitmuspaperremainred
Methylatedspirit Bluelitmuspaperremainblue

Redlitmuspaperremainred
Explanation

Alkanolsareneutralcompounds/solutionthathavecharacteristicsweetsmelland
taste.
Theyhavenoeffectonbothblueandredlitmuspapers.

(d)Solubilityinwater.
Experiment

Placeabout5cm3ofpreparedsampleintoacleantesttubeAddequalamountof
distilledwater.
Repeatthesamewithpureethanolandmethylatedspirit.
Observation
Nolayersformedbetweenthetwoliquids.
Explanation
Ethanolismiscibleinwater.Bothethanolandwaterarepolarcompounds.
Thesolubilityofalkanolsdecreasewithincreaseinthealkylchain/molecularmass.
Thealkylgroupisinsolubleinwaterwhile–OHfunctionalgroupissolubleinwater.
Asthemolecularchainbecomeslonger,theeffectofthealkylgroupincreasesasthe
effectofthefunctionalgroupdecreases.

e)Melting/boilingpoint.
Experiment
Placepureethanolinalongboilingtube.Determineitsboilingpoint.
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Observation
Pureethanolhasaboilingpointof78oCatsealevel/oneatmospherepressure.
Explanation
Themeltingandboilingpointofalkanolsincreasewithincreaseinmolecular
chain/mass.
Thisisbecausetheintermolecular/van-der-waalsforcesofattractionbetweenthe
moleculesincrease.
Moreheatenergyisthusrequiredtoweakenthelongerchainduringmeltingandbreak
duringboiling.

f)Density
Densityofalkanolsincreasewithincreaseintheintermolecular/van-der-waalsforces
ofattractionbetweenthemolecule,makingitveryclosetoeachother.
Thisreducesthevolumeoccupiedbythemoleculeandthusincreasethetheirmass
perunitvolume(density).

Summarytableshowingthetrendinphysicalpropertiesofalkanols

Alkanol Meltingpoint
(oC)

Boilingpoint
(oC)

Density
gcm-3

Solubilityinwater

Methanol -98 65 0.791 soluble
Ethanol -117 78 0.789 soluble
Propanol -103 97 0.803 soluble
Butanol -89 117 0.810 Slightlysoluble
Pentanol -78 138 0.814 Slightlysoluble
Hexanol -52 157 0.815 Slightlysoluble
Heptanol -34 176 0.822 Slightlysoluble
Octanol -15 195 0.824 Slightlysoluble
Nonanol -7 212 0.827 Slightlysoluble
Decanol 6 228 0.827 Slightlysoluble

g)Burning

Experiment
Placethepreparedsampleinawatchglass.Ignite.Repeatwithpureethanoland
methylatedspirit.
Observation/Explanation
Fermentationproduceethanolwithalotofwater(aboutaratioof1:3)whichpreventthe
alcoholfrom igniting.
Pureethanolandmethylatedspiriteasilycatchfire/highlyflammable.
Theyburnwithanalmostcolourlessnon-sooty/non-smokyblueflametoform
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carbon(IV)oxide(inexcessair/oxygen)orcarbon(II)oxide(limitedair)andwater.
Ethanolisthusasaturatedcompoundlikealkanes.
Chemicaequation

C2H5OH(l) + 3O2(g) ->3H2O(l) + 2CO2(g)(excessair)
C2H5OH(l) +2O2(g) ->3H2O(l) + 2CO(g)(limitedair)

2CH3OH(l) +3O2(g) ->4H2O(l) + 2CO2(g)(excessair)
2CH3OH(l) +2O2(g) ->4H2O(l) + 2CO(g)(limitedair)

2C3H7OH(l) + 9O2(g) ->8H2O(l) + 6CO2(g)(excessair)
C3H7OH(l) +3O2(g) ->4H2O(l) + 3CO(g)(limitedair)

2C4H9OH(l) + 13O2(g) ->20H2O(l) + 8CO2(g)(excessair)
C4H9OH(l) +3O2(g) ->4H2O(l) + 3CO(g)(limitedair)

Duetoitsflammability,ethanolisused;
(i) asafuelinspiritlamps
(ii) asgasoholwhenblendedwithgasoline

(h)Formationofalkoxides
Experiment
Cutaverysmallpieceofsodium.Putitinabeakercontainingabout20cm3ofthe
preparedsampleinabeaker.
Testtheproductswithlitmuspapers.Repeatwithabsoluteethanolandmethylated

spirit.
Sampleobservations
Substance/alkanol Effectofaddingsodium
Fermentationpreparedsample (i)effervescence/fizzing/bubbles

(ii)colourlessgasproducedthat
extinguishburningsplintwith
explosion/“Pop”sound
(iii)colourlesssolutionformed
(iv)bluelitmuspapersremainblue
(v)redlitmuspapersturnblue

Pure/absoluteethanol/methylated
spirit

(i)slow
effervescence/fizzing/bubbles
(ii)colourlessgasslowlyproduced
thatextinguishburningsplintwith
explosion/“Pop”sound
(iii)colourlesssolutionformed
(iv)bluelitmuspapersremainblue
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(v)redlitmuspapersturnblue
Explanations
Sodium/potassium reactsslowlywithalkanolstoform basicsolutioncalledalkoxides
andproducinghydrogengas.
Ifthealkanolhassomewaterthemetalsreactfasterwiththewatertoform soluble

hydroxides/alkalisi.e.

Sodium + Alkanol -> Sodium alkoxides +Hydrogengas
Potassium + Alkanol -> Potassium alkoxides +Hydrogengas

Sodium + Water -> Sodium hydroxides +Hydrogengas
Potassium + Water -> Potassium hydroxides +Hydrogengas

Examples
1.Sodium metalreactswithethanoltoform sodium ethoxide
Sodium metalreactswithwatertoform sodium Hydroxide
2CH3CH2OH(l) + 2Na(s) -> 2CH3CH2ONa(aq) +H2(s)
2H2O(l) + 2Na(s) -> 2NaOH(aq) +H2(s)

2.Potassium metalreactswithethanoltoform Potassium ethoxide
Potassium metalreactswithwatertoform Potassium Hydroxide
2CH3CH2OH(l) + 2K(s) -> 2CH3CH2OK(aq) +H2(s)
2H2O(l) + 2K(s) -> 2KOH(aq) +H2(s)

3.Sodium metalreactswithpropanoltoform sodium propoxide
Sodium metalreactswithwatertoform sodium Hydroxide
2CH3CH2CH2OH(l) + 2Na(s)->2CH3CH2CH2ONa(aq) +H2(s)
2H2O(l) + 2Na(s) -> 2NaOH(aq) +H2(s)

4.Potassium metalreactswithpropanoltoform Potassium propoxide
Potassium metalreactswithwatertoform Potassium Hydroxide
2CH3CH2CH2OH(l) + 2K(s) ->2CH3CH2CH2OK(aq) +H2(s)
2H2O(l) + 2K(s) -> 2KOH(aq) +H2(s)

5.Sodium metalreactswithbutanoltoform sodium butoxide
Sodium metalreactswithwatertoform sodium Hydroxide
2CH3CH2CH2CH2OH(l)+2Na(s)->2CH3CH2CH2CH2ONa(aq) +H2(s)
2H2O(l) + 2Na(s) -> 2NaOH(aq) +H2(s)

6.Sodium metalreactswithpentanoltoform sodium pentoxide
Sodium metalreactswithwatertoform sodium Hydroxide
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2CH3CH2CH2CH2CH2OH(l)+2Na(s)->2CH3CH2CH2CH2CH2ONa(aq)+H2(s)
2H2O(l) + 2Na(s) -> 2NaOH(aq) +H2(s)

(i)FormationofEsters/Esterification
Experiment
Place2cm3ofethanolinaboilingtube.
Addequalamountofethanoicacid.Tothemixtureaddcarefully2dropsof
concentratedsulphuric(VI)acid.
Warm/Heatgently.
Pourthemixtureintoabeakercontainingabout50cm3ofcoldwater.
Smelltheproducts.
Repeatwithmethanol

Sampleobservations

Substance/alkanol Effectonaddingequalamountof
ethanol/concentratedsulphuric(VI)acid

Absoluteethanol Sweetfruitysmell
Methanol Sweetfruitysmell

Explanation
Alkanolsreactwithalkanoicacidstoform agroupofhomologousseriesofsweet
smellingcompoundscalledestersandwater.Thisreactioniscatalyzedby
concentratedsulphuric(VI)acidinthelaboratory.

Alkanol + Alkanoicacid –Conc.H2SO4-> Ester+water

Naturallyesterificationiscatalyzedbysunlight.Eachesterhasacharacteristicsmell
derivedfrom themanypossiblecombinationsofalkanolsandalkanoicacidsthat
createavarietyofknownnatural(mostlyinfruits)andsynthetic(mostlyinjuices)
esters.
Estersderivetheirnamesfrom thealkanolfirstthenalkanoicacids.Thealkanol
“becomes”analkylgroupandthealkanoicacid“becomes”alkanoatehence
alkylalkanoate.e.g.

Ethanol + Ethanoicacid -> Ethylethanoate + Water
Ethanol + Propanoicacid -> Ethylpropanoate + Water
Ethanol + Methanoicacid -> Ethylmethanoate + Water
Ethanol + butanoicacid -> Ethylbutanoate + Water
Propanol + Ethanoicacid -> Propylethanoate+ Water
Methanol + Ethanoicacid -> Methyethanoate+ Water
Methanol + Decanoicacid -> Methyldecanoate + Water
Decanol + Methanoicacid -> Decylmethanoate + Water
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Duringtheformationoftheester,the“O”joiningthealkanolandalkanoicacidcomes
from thealkanol.

R1-COOH + R2–OH -> R1-COO–R2 +H2O
e.g.
1.Ethanolreactswithethanoicacidtoform theesterethylethanoateandwater.

Ethanol +Ethanoicacid --Conc.H2SO4-->Ethylethanoate+Water
C2H5OH(l) +CH3COOH(l)--Conc.H2SO4-->CH3COOC2H5(aq)+H2O(l)

CH3CH2OH(l)+CH3COOH(l)--Conc.H2SO4-->CH3COOCH2CH3(aq)+H2O(l)

2.Ethanolreactswithpropanoicacidtoform theesterethylpropanoateandwater.
Ethanol +Propanoicacid--Conc.H2SO4-->Ethylethanoate+Water

C2H5OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->CH3CH2COOC2H5(aq)+H2O(l)
CH3CH2OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->

CH3CH2COOCH2CH3(aq)+H2O(l)

3.Methanolreactswithethanoicacidtoform theestermethylethanoateandwater.
Methanol +Ethanoicacid --Conc.H2SO4-->Methylethanoate+Water

CH3OH(l) +CH3COOH(l)--Conc.H2SO4-->CH3COOCH3(aq)+H2O(l)

4.Methanolreactswithpropanoicacidtoform theestermethylpropanoateandwater.
Methanol +propanoicacid--Conc.H2SO4-->Methylpropanoate+Water

CH3OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->CH3CH2COOCH3(aq)+H2O(l)

5.Propanolreactswithpropanoicacidtoform theesterpropylpropanoateandwater.
Propanol +Propanoicacid--Conc.H2SO4-->Ethylethanoate+Water

C3H7OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->CH3CH2COOC3H7(aq)+H2O(l)
CH3CH2CH2OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->

CH3CH2COOCH2CH2CH3(aq)+H2O(l)

(j)Oxidation
Experiment
Place5cm3ofabsoluteethanolinatesttube.Addthreedropsofacidifiedpotassium
manganate(VII).Shakethoroughlyforoneminute/warm.Testthesolutionmixtureusing
pHpaper.Repeatbyaddingacidifiedpotassium dichromate(VII).
Sampleobservationtable
Substance/alkanolAddingacidified

KMnO4/K2Cr2O7

pHofresulting
solution/mixture

Natureof
resulting
solution/mixture

Pureethanol (i)Purplecolourof
KMnO4decolorized

pH=4/5/6 Weaklyacidic
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(ii)Orangecolour
ofK2Cr2O7turns
green.

pH=4/5/6 Weaklyacidic

Explanation
BothacidifiedKMnO4andK2Cr2O7areoxidizingagents(addoxygentoother
compounds.Theyoxidizealkanolstoagroupofhomologousseriescalledalkanals
thenfurtheroxidizethem toalkanoicacids.Theoxidizingagentsarethemselves
reducedhencechangingtheircolour:

(i)PurpleKMnO4isreducedtocolourlessMn2+

(ii)OrangeK2Cr2O7isreducedtogreenCr3+

ThepHofalkanoicacidsshowtheyhavefewH+becausetheyareweakacidsi.e

Alkanol + [O] -> Alkanal + [O] -> alkanoicacid

NBThe[O]comesfrom theoxidizingagentsacidifiedKMnO4orK2Cr2O7

Examples
1.WhenethanoliswarmedwiththreedropsofacidifiedKMnO4thereisdecolorization
ofKMnO4

Ethanol + [O] -> Ethanal + [O] -> Ethanoicacid
CH3CH2OH + [O] -> CH3CH2O + [O] -> CH3COOH

2.WhenmethanoliswarmedwiththreedropsofacidifiedK2Cr2O7,theorangecolourof
acidifiedK2Cr2O7changestogreen.

methanol + [O] -> methanal + [O] -> methanoicacid
CH3OH + [O] -> CH3O + [O] -> HCOOH

3.WhenpropanoliswarmedwiththreedropsofacidifiedK2Cr2O7,theorangecolourof
acidifiedK2Cr2O7changestogreen.

Propanol + [O] -> Propanal + [O] -> Propanoicacid
CH3CH2CH2OH + [O] ->CH3CH2CH2O +[O]->CH3CH2COOH
4.WhenbutanoliswarmedwiththreedropsofacidifiedK2Cr2O7,theorangecolourof
acidifiedK2Cr2O7changestogreen.

Butanol + [O] -> Butanal + [O] -> Butanoicacid
CH3CH2CH2CH2OH +[O]->CH3CH2CH2CH2O+[O]->CH3CH2COOH

Airslowlyoxidizesethanoltodiluteethanoicacidcommonlycalledvinegar.Ifbeeris
nottightlycorked,alotofcarbon(IV)oxideescapesandthereisslowoxidationofthe
beermakingit“flat”.
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(k)Hydrolysis/HydrationandDehydration
I.Hydrolysis/Hydrationisthereactionofacompound/substancewithwater.
Alkenesreactwithwatervapour/steam athightemperaturesandhighpressuresin
presenceofphosphoricacidcatalysttoform alkanols.i.e.
Alkenes + Water -H3PO4catalyst-> Alkanol
Examples
(i)Etheneismixedwithsteam overaphosphoricacidcatalystat300oCtemperature
and60atmospherepressuretoform ethanol

Ethene +water ---60atm/300oC/H3PO4 -->Ethanol
H2C=CH2(g)+H2O(l)--60atm/300oC/H3PO4 --> CH3CH2OH(l)
Thisisthemainmethodofproducinglargequantitiesofethanolinsteadof
fermentation
(ii)Propene +water ---60atm/300oC/H3PO4 -->Propanol
CH3C=CH2(g)+H2O(l)--60atm/300oC/H3PO4 --> CH3CH2CH2OH(l)
(iii)Butene +water ---60atm/300oC/H3PO4 -->Butanol
CH3CH2C=CH2(g)+H2O(l)--60atm/300oC/H3PO4 -->CH3CH2CH2CH2OH(l)

II.Dehydrationistheprocesswhichconcentratedsulphuric(VI)acid(dehydratingagent)
removeswaterfrom acompound/substances.
Concentratedsulphuric(VI)aciddehydratesalkanolstothecorrespondingalkenesat
about180oC.i.e
Alkanol--Conc.H2SO4/180oC-->Alkene+Water
Examples
1.At180oCandinpresenceofConcentratedsulphuric(VI)acid,ethanolundergoes
dehydrationtoform ethene.

Ethanol ---180oC/H2SO4 --> Ethene + Water
CH3CH2OH(l) --180oC/H2SO4 --> H2C=CH2(g)+H2O(l)

2.Propanolundergoesdehydrationtoform propene.
Propanol ---180oC/H2SO4 --> Propene + Water

CH3CH2CH2OH(l)--180oC/H2SO4 --> CH3CH=CH2(g)+H2O(l)
3.Butanolundergoesdehydrationtoform Butene.

Butanol ---180oC/H2SO4 --> Butene + Water
CH3CH2CH2CH2OH(l) --180oC/H2SO4 --> CH3CH2C=CH2(g)+H2O(l)

3.Pentanolundergoesdehydrationtoform Pentene.
Pentanol ---180oC/H2SO4 --> Pentene + Water

CH3CH2CH2CH2CH2OH(l)--180oC/H2SO4-->CH3CH2CH2C=CH2(g)+H2O(l)

(l)SimilaritiesofalkanolswithHydrocarbons
I.Similaritywithalkanes

Bothalkanolsandalkanesburnwithabluenon-sootyflametoform carbon(IV)oxide(in
excessair/oxygen)/carbon(II)oxide(inlimitedair)andwater.Thisshowstheyare
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saturatedwithhighC:Hratio.e.g.
Bothethanolandethaneigniteandburnsinairwithabluenon-sootyflametoform
carbon(IV)oxide(inexcessair/oxygen)/carbon(II)oxide(inlimitedair)andwater.

CH2CH2OH(l)+3O2(g)-Excessair-> 2CO2(g)+3H2O(l)
CH2CH2OH(l)+2O2(g)-Limitedair-> 2CO(g)+3H2O(l)

CH3CH3(g)+ 3O2(g)-Excessair-> 2CO2(g)+3H2O(l)
2CH3CH3(g)+5O2(g)-Limitedair-> 4CO(g)+6H2O(l)

II.Similaritywithalkenes/alkynes
Bothalkanols(R-OH)andalkenes/alkynes(with=C=C=doubleand–C=C-triple)
bond:

(i)decolorizeacidifiedKMnO4

(ii)turnsOrangeacidifiedK2Cr2O7 togreen.
Alkanols(R-OH)areoxidizedtoalkanals(R-O)antthenalkanoicacids(R-OOH).
Alkenesareoxidizedtoalkanolswithduo/doublefunctionalgroups.
Examples
1.WhenethanoliswarmedwiththreedropsofacidifiedK2Cr2O7theorangeofacidified
K2Cr2O7turnstogreen.Ethanolisoxidizedtoethanolandthentoethanoicacid.

Ethanol + [O] -> Ethanal + [O] -> Ethanoicacid
CH3CH2OH + [O] -> CH3CH2O + [O] -> CH3COOH

2.WhenetheneisbubbledinatesttubecontainingacidifiedK2Cr2O7,theorangeof
acidifiedK2Cr2O7turnstogreen.Etheneisoxidizedtoethan-1,2-diol.

Ethene + [O] -> Ethan-1,2-diol.
H2C=CH2 + [O] -> HOCH2-CH2OH

III.Differenceswithalkenes/alkynes
Alkanolsdonotdecolorizebromineandchlorinewater.
Alkenesdecolorizesbromineandchlorinewatertoform halogenoalkanols
Example
Whenetheneisbubbledinatesttubecontainingbrominewater,thebrominewateris
decolorized.Etheneisoxidizedtobromoethanol.

Ethene + Brominewater -> Bromoethanol.
H2C=CH2 + HOBr -> BrCH2-CH2OH

IV.DifferencesinmeltingandboilingpointwithHydrocarbons
Alkanoshavehighermeltingpointthanthecorrespondinghydrocarbon
(alkane/alkene/alkyne)
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Thisisbecausemostalkanolsexistasdimer.Adimerisamoleculemadeupoftwo
othermoleculesjoinedusuallybyvan-der-waalsforces/hydrogenbondordative
bonding.
Twoalkanolmoleculesform adimerjoinedbyhydrogenbonding.
Example
InEthanoltheoxygenatom attracts/pullsthesharedelectronsinthecovalentbond
moretoitselfthanHydrogen.
Thiscreatesapartialnegativecharge(δ-)onoxygenandpartialpositivecharge(δ+)on

hydrogen.
TwoethanolmoleculesattracteachotheratthepartialchargesthroughHydrogen
bondingformingadimmer.

H H H

H C C O H H

H H H O C C H

H H
Dimerizationofalkanolsmeansmoreenergyisneededtobreak/weakentheHydrogen
bondsbeforebreaking/weakeningtheintermolecularforcesjoiningthemoleculesof
allorganiccompoundsduringboiling/melting.

E.USESOFSOMEALKANOLS
(a)Methanolisusedasindustrialalcoholandmakingmethylatedspirit
(b)Ethanolisused:

1.asalcoholinalcoholicdrinkse.gBeer,winesandspirits.
2.asantiseptictowashwoulds
3.inmanufactureofvanishes,ink,glueandpaintbecauseitisvolatileandthus

easilyevaporate
4.asafuelwhenblendedwithpetroltomakegasohol.

B.ALKANOICACIDS(Carboxylicacids)

(A)INTRODUCTION.

Alkanoicacidsbelongtoahomologousseriesoforganiccompoundswithageneral

Hydrogenbonds

Covalent
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formulaCnH2n+1COOHandthus-COOH asthefunctionalgroup.The1sttenalkanoic
acidsinclude:

n General/molecular
formular

Structuralformula IUPAC
name

0 HCOOH
H–C–O-H

│
O

Methanoic
acid

1 CH3COOH H

H–C –C–O-H
│

H O

Ethanoic
acid

2 CH3CH2COOH
C2H5COOH

H H

H-C–C –C–O–
H

H H O

Propanoic
acid

3 CH3CH2CH2COOH
C3H7COOH

H H H

H-C-C–C –C–O–
H

H H H O

Butanoic
acid

4 CH3CH2CH2CH2

COOH
C4H9COOH

H H H H

H-C–C-C–C –C–O–
H

H H H H O

Pentanoic
acid

5 CH3CH2CH2CH2CH2

COOH
C5H11COOH

H H H H H

H C-C–C-C–C –C–O–
H

H H H H H O

Hexanoic
acid

6 CH3CH2CH2

CH2CH2CH2COOH
C6H13COOH

H H H H H H

H C C-C–C-C–C–C–O–
H

Pentanoic
acid
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Alkanoicacidslikealkanols/alkanes/alkenes/alkynesform ahomologousseries
where:

(i)thegeneralnameofanalkanoicacidsisderivedfrom thealkanenamethen
endingwith“–oic”acidasthetableaboveshows.

(ii)themembershaveR-COOH/R C-O-H asthefunctionalgroup.

O
(iii)theyhavethesamegeneralformularepresentedbyR-COOHwhereRisan

alkylgroup.
(iv)eachmemberdifferby–CH2-groupfrom thenext/previous.
(v)theyshowasimilarandgradualchangeintheirphysicalpropertiese.g.boiling

andmeltingpoint.
(vi)theyshowsimilarandgradualchangeintheirchemicalproperties.
(vii)sincetheyareacidstheyshowsimilarpropertieswithmineralacids.

(B)ISOMERSOFALKANOICACIDS.

Alkanoicacidsexhibitbothstructuralandpositionisomerism.Theisomersarenamed
byusingthefollowingbasicguidelines
(i)Likealkanes.identifythelongestcarbonchaintobetheparentname.
(ii)Identifythepositionofthe -C-O-H functionalgrouptogiveitthesmallest

O
/lowestposition.
(iii)Identifythetypeandpositionofthesidegroupbranches.

Practiceexamplesonisomersofalkanoicacids
1.IsomersofbutanoicacidC3H7COOH

CH3CH2CH2COOH
Butan-1-oicacid

CH3

H2C C COOH 2-methylpropan-1-oicacid

2-methylpropan-1-oicacidandButan-1-oicacidarestructuralisomersbecausethe
positionofthefunctionalgroupdoesnotchangebutthearrangementoftheatomsin
themoleculedoes.

2.IsomersofpentanoicacidC4H9COOH

H H H H H H O
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CH3CH2CH2CH2COOH pentan-1-oicacid

CH3

CH3CH2CHCOOH 2-methylbutan-1-oicacid

CH3

H3C C COOH 2,2-dimethylpropan-1-oicacid

CH3

3.Ethan-1,2-dioicacid
O O

HOOC-COOH // H-O–C-C–O–H

4.Propan-1,3-dioicacid
O H O

HOOC-CH2COOH // H-O–C–C-C–O–H

H

5.Butan-1,4-dioicacid
O H H O

HOOCCH2CH2COOH H-O–C–C-C–C–O–H

H H

6.2,2-dichloroethan-1,2-dioicacid
HOOCCHCl2 Cl

H–O-C–C–Cl

O H
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(C)LABORATORYANDINDUSTRIALPREPARATIONOFALKANOICACIDS.

Inaschoollaboratory,alkanoicacidscanbepreparedbyaddinganoxidizingagent
(H+/KMnO4orH+/K2Cr2O7)tothecorrespondingalkanolthenwarming.
Theoxidationconvertsthealkanolfirsttoanalkanalthealkanoicacid.
NBAcidifiedKMnO4isastrongeroxidizingagentthanacidifiedK2Cr2O7

Generalequation:
R-CH2–OH +[O] --H+/KMnO4--> R-CH–O + H2O(l)

(alkanol) (alkanal)

R-CH–O + [O] --H+/KMnO4--> R-C–OOH
(alkanal) (alkanoicacid)

Examples
1.EthanolonwarminginacidifiedKMnO4isoxidizedtoethanalthenethanoicacid.

CH3-CH2–OH +[O] --H+/KMnO4--> CH3-CH–O + H2O(l)
(ethanol) (ethanal)

CH3-CH–O + [O] --H+/KMnO4--> CH3-C–OOH
(ethanal) (ethanoicacid)

2PropanolonwarminginacidifiedKMnO4isoxidizedtopropanalthenpropanoicacid
CH3-CH2CH2–OH +[O]--H+/KMnO4--> CH3-CH2CH–O + H2O(l)

(propanol) (propanal)

CH3-CH–O + [O] --H+/KMnO4--> CH3-C–OOH
(propanal) (propanoicacid)

Industrially,largescalemanufactureofalkanoicacidlikeethanoicacidisobtainedfrom:
(a)Alkenesreactingwithsteam athightemperaturesandpressureinpresenceof
phosphoric(V)acidcatalystandundergohydrolysistoform alkanols.i.e.

Alkenes+Steam/water --H2PO4Catalyst-->Alkanol
Thealkanolisthenoxidizedbyairat5atmospherepressurewithManganese
(II)sulphate(VI)catalysttoform thealkanoicacid.
Alkanol+Air --MnSO4Catalyst/5atm pressure-->Alkanoicacid

Example
Etheneismixedwithsteam overaphosphoric(V)acidcatalyst,300oCtemperatureand
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60atmospherepressuretoform ethanol.

CH2=CH2 + H2O ->CH3CH2OH
(Ethene) (Ethanol)

Thisistheindustriallargescalemethodofmanufacturingethanol
Ethanolisthenoxidizedbyairat5atmospherepressurewithManganese
(II)sulphate(VI)catalysttoform theethanoicacid.

CH3CH2OH + [O]--MnSO4Catalyst/5atm pressure-->CH3COOH
(Ethanol) (Ethanoicacid)

(b)Alkynesreactwithliquidwaterathightemperaturesandpressureinpresenceof
Mercury(II)sulphate(VI)catalystand30%concentratedsulphuric(VI)acidtoform
alkanals.
Alkyne + Water--Mercury(II)sulphate(VI)catalyst-->Alkanal

Thealkanalisthenoxidizedbyairat5atmospherepressurewithManganese(II)
sulphate(VI)catalysttoform thealkanoicacid.
Alkanal +air/oxygen--Manganese(II)sulphate(VI)catalyst-->Alkanoicacid

Example
EthynereactwithliquidwaterathightemperatureandpressurewithMercury(II)
sulphate(VI)catalystand30%concentratedsulphuric(VI)acidtoform ethanal.

CH = CH + H2O --HgSO4-->CH3CH2O
(Ethyne) (Ethanal)

Thisisanotherindustriallargescalemethodofmanufacturingethanolfrom large
quantitiesofethynefoundinnaturalgas.
Ethanalisthenoxidizedbyairat5atmospherepressurewithManganese

(II)sulphate(VI)catalysttoform theethanoicacid.

CH3CH2O + [O]--MnSO4Catalyst/5atm pressure-->CH3COOH
(Ethanal)(Oxygenfrom air) (Ethanoicacid)

(D)PHYSICALANDCHEMICALPROPERTIESOFALKANOICACIDS.

I.Physicalpropertiesofalkanoicacids
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Thetablebelowshowssomephysicalpropertiesofalkanoicacids
Alkanol Melting

point(oC)
Boiling
point(oC)

Density(gcm-3) Solubilityin
water

Methanoic
acid

18.4 101 1.22 soluble

Ethanoicacid 16.6 118 1.05 soluble
Propanoic
acid

-2.8 141 0.992 soluble

Butanoicacid -8.0 164 0.964 soluble
Pentanoic
acid

-9.0 187 0.939 Slightlysoluble

Hexanoic
acid

-11 205 0.927 Slightlysoluble

Heptanoic
acid

-3 223 0.920 Slightlysoluble

Octanoicacid 11 239 0.910 Slightlysoluble
Nonanoic
acid

16 253 0.907 Slightlysoluble

Decanoic
acid

31 269 0.905 Slightlysoluble

From thetablenotethefollowing:
(i) Meltingandboilingpointdecreaseasthecarbonchainincreasesdueto

increaseinintermolecularforcesofattractionbetweenthemolecules
requiringmoreenergytoseparatethemolecules.

(ii) Thedensitydecreasesasthecarbonchainincreasesastheintermolecular
forcesofattractionincreasesbetweenthemoleculesmakingthemolecule
veryclosereducingtheirvolumeinunitmass.

(iii) Solubilitydecreasesasthecarbonchainincreasesasthesoluble–COOHend
isshieldedbyincreasinginsolublealkyl/hydrocarbonchain.

(iv) Likealkanols,alkanoicacidsexistasdimmersduetothehydrogenbonds
withinthemolecule.i.e..
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IIChemicalpropertiesofalkanoicacids
Thefollowingexperimentsshowsthemainchemicalpropertiesofethanoic(alkanoic)
acid.

(a)Effectonlitmuspapers
Experiment
Dipbothblueandredlitmuspapersinethanoicacid.Repeatwithasolutionofsuccinic
acid,citricacid,oxalicacid,tartaricacidanddilutenitric(V)acid.
Sampleobservations
Solution/acid Observations/effectonlitmus

papers
Inference

Ethanoicacid Bluelitmuspaperturnred
Redlitmuspaperremainred

H3O+/H+(aq)ion

Succinicacid Bluelitmuspaperturnred
Redlitmuspaperremainred

H3O+/H+(aq)ion
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Citricacid Bluelitmuspaperturnred
Redlitmuspaperremainred

H3O+/H+(aq)ion

Oxalicacid Bluelitmuspaperturnred
Redlitmuspaperremainred

H3O+/H+(aq)ion

Tartaricacid Bluelitmuspaperturnred
Redlitmuspaperremainred

H3O+/H+(aq)ion

Nitric(V)acid Bluelitmuspaperturnred
Redlitmuspaperremainred

H3O+/H+(aq)ion

Explanation
AllacidicsolutionscontainsH+/H3O+(aq)ions.TheH+/H3O+(aq)ionsisresponsible
forturningbluelitmuspaper/solutiontored

(b)pH
Experiment
Place2cm3ofethaoicacidinatesttube.Add2dropsofuniversalindicatorsolution
anddetermineitspH.Repeatwithasolutionofsuccinicacid,citricacid,oxalicacid,
tartaricacidanddilutesulphuric(VI)acid.
Sampleobservations
Solution/acid pH Inference
Ethanoicacid 4/5/6 Weaklyacidic
Succinicacid 4/5/6 Weaklyacidic
Citricacid 4/5/6 Weaklyacidic
Oxalicacid 4/5/6 Weaklyacidic
Tartaricacid 4/5/6 Weaklyacidic
Sulphuric(VI)acid 1/2/3 Stronglyacidic
Explanations
Alkanoicacidsareweakacidsthatpartially/partlydissociatetoreleasefewH+ionsin
solution.ThepHoftheirsolutionisthus4/5/6showingtheyform weaklyacidic
solutionswhendissolvedinwater.
Allalkanoicaciddissociatetoreleasesthe“H”atthefunctionalgroupin-COOHto
form thealkanoateion;–COO-

Mineralacids(Sulphuric(VI)acid,Nitric(V)acidandHydrochloricacid)arestrongacids
thatwholly/fullydissociatetoreleasemanyH+ionsinsolution.ThepHoftheirsolution
isthus1/2/3showingtheyform stronglyacidicsolutionswhendissolvedinwater.i.e
Examples

1.CH3COOH(aq) CH3COO-(aq) + H+(aq)
(ethanoicacid) (ethanoateion) (fewH+ion)

2.CH3CH2COOH(aq) CH3CH2COO-(aq)+ H+(aq)
(propanoicacid) (propanoateion) (fewH+ion)
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3.CH3CH2CH2COOH(aq) CH3CH2CH2COO-(aq)+H+(aq)
(Butanoicacid) (butanoateion) (fewH+ion)

4.HOOH(aq) HOO-(aq) + H+(aq)
(methanoicacid) (methanoateion) (fewH+ion)

5.H2SO4(aq) SO4
2-(aq) + 2H+(aq)

(sulphuric(VI)acid) (sulphate(VI)ion) (manyH+ion)

6.HNO3(aq) NO3
-(aq) + H+(aq)

(nitric(V)acid) (nitrate(V)ion) (manyH+ion)

(c)Reactionwithmetals
Experiment
Placeabout4cm3ofethanoicacidinatesttube.Putabout1cm lengthofpolished
magnesium ribbon.Testanygasproducedusingaburningsplint.Repeatwitha
solutionofsuccinicacid,citricacid,oxalicacid,tartaricacidanddilutesulphuric(VI)
acid.
Sampleobservations
Solution/acid Observations Inference
Ethanoicacid (i)effervescence,fizzing,bubbles

(ii)colourlessgasproducedthat
burnwith“pop”sound/explosion

H3O+/H+(aq)ion

Succinicacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
burnwith“pop”sound/explosion

H3O+/H+(aq)ion

Citricacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
burnwith“pop”sound/explosion

H3O+/H+(aq)ion

Oxalicacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
burnwith“pop”sound/explosion

H3O+/H+(aq)ion

Tartaricacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
burnwith“pop”sound/explosion

H3O+/H+(aq)ion

Nitric(V)acid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
burnwith“pop”sound/explosion

H3O+/H+(aq)ion

Explanation
Metalshigherinthereactivityseriesdisplacethehydrogeninallacidsto
evolve/producehydrogengasandform asalt.Alkanoicacidsreactwithmetalswith
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metalstoform alkanoatessaltandproduce/evolvehydrogengas.Hydrogen
extinguishesaburningsplintwithapopsound/explosion.Onlythe“H”inthefunctional
group-COOHis/aredisplacedandnotinthealkylhydrocarbonchain.

Alkanoicacid+Metal-> Alkanoate + Hydrogengas.i.e.
Examples
1.Foramonovalentmetalwithmonobasicacid
2R–COOH +2M -> 2R-COOM + 2H2(g)

2.Foradivalentmetalwithmonobasicacid
2R–COOH + M -> (R-COO)2M + H2(g)
3.Foradivalentmetalwithdibasicacid

HOOC-R-COOH+ M ->MOOC-R-COOM + H2(g)
4.Foramonovalentmetalwithdibasicacid

HOOC-R-COOH+ 2M ->MOOC-R-COOM + H2(g)
5Formineralacids

(i)Sulphuric(VI)acidisadibasicacid
H2SO4(aq)+2M ->M2SO4(aq)+H2(g)
H2SO4(aq)+M -> MSO4(aq) +H2(g)

(ii)Nitric(V)andhydrochloricacidaremonobasicacid
HNO3(aq)+2M ->2MNO3(aq)+H2(g)
HNO3(aq)+M -> M(NO3)2(aq)+H2(g)

Examples
1.Sodium reactswithethanoicacidtoform sodium ethanoateandproduce.hydrogen

gas.
Caution:Thisreactionisexplosive.

CH3COOH(aq)+ Na(s)->CH3COONa(aq)+H2(g)
(Ethanoicacid) (Sodium ethanoate)

2.Calcium reactswithethanoicacidtoform calcium ethanoateandproduce.hydrogen
gas.
2CH3COOH(aq)+ Ca(s)->(CH3COO)2Ca(aq)+H2(g)

(Ethanoicacid) (Calcium ethanoate)

3.Sodium reactswithethan-1,2-dioicacidtoform sodium ethan-1,2-dioateandproduce.
hydrogengas.
HOOC-COOH+ 2Na ->NaOOC-COONa+ H2(g)
(ethan-1,2-dioicacid) (sodium ethan-1,2-dioate)
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Commercialnameofethan-1,2-dioicacidisoxalicacid.Thesaltissodium oxalate.

4.Magnesium reactswithethan-1,2-dioicacidtoform magnesium ethan-1,2-dioateand
produce.hydrogengas.

HOOC-R-COOH+ Mg ->(OOC-COO)Mg+ H2(g)
(ethan-1,2-dioicacid) (magnesium ethan-1,2-dioate)

5.Magnesium reactswith
(i)Sulphuric(VI)acidtoform Magnesium sulphate(VI)

H2SO4(aq)+Mg ->MgSO4(aq)+H2(g)

(ii)Nitric(V)andhydrochloricacidaremonobasicacid
2HNO3(aq)+Mg -> M(NO3)2(aq)+H2(g)

(d)Reactionwithhydrogencarbonatesandcarbonates
Experiment
Placeabout3cm3ofethanoicacidinatesttube.Addabout0.5g/½spatulaendfull
ofsodium hydrogencarbonate/sodium carbonate.Testthegasproducedusinglime
water.Repeatwithasolutionofsuccinicacid,citricacid,oxalicacid,tartaricacidand
dilutesulphuric(VI)acid.
Sampleobservations
Solution/acid Observations Inference
Ethanoicacid (i)effervescence,fizzing,bubbles

(ii)colourlessgasproducedthat
formsawhiteprecipitatewithlime
water

H3O+/H+(aq)ion

Succinicacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
formsawhiteprecipitatewithlime
water

H3O+/H+(aq)ion

Citricacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
formsawhiteprecipitatewithlime
water

H3O+/H+(aq)ion

Oxalicacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
formsawhiteprecipitatewithlime
water

H3O+/H+(aq)ion

Tartaricacid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat

H3O+/H+(aq)ion
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formsawhiteprecipitatewithlime
water

Nitric(V)acid (i)effervescence,fizzing,bubbles
(ii)colourlessgasproducedthat
formsawhiteprecipitatewithlime
water

H3O+/H+(aq)ion

Allacidsreactwithhydrogencarbonate/carbonatetoform salt,waterand
evolve/producebubblesofcarbon(IV)oxideandwater.
Carbon(IV)oxideformsawhiteprecipitatewhenbubbledinlimewater/extinguishesa
burningsplint.
Alkanoicacidsreactwithhydrogencarbonate/carbonatetoform alkanoates,water
andevolve/producebubblesofcarbon(IV)oxideandwater.

Alkanoicacid+hydrogencarbonate->alkanoate+water+carbon(IV)oxide

Alkanoicacid+ carbonate -> alkanoate + water+carbon(IV)oxide
Examples

1.Sodium hydrogencarbonatereactswithethanoicacidtoform sodium ethanoate
,waterandcarbon(IV)oxidegas.

CH3COOH(aq)+ NaHCO3(s)->CH3COONa(aq)+H2O(l)+CO2(g)
(Ethanoicacid) (Sodium ethanoate)

2.Sodium carbonatereactswithethanoicacidtoform sodium ethanoate,waterand
carbon(IV)oxidegas.
2CH3COOH(aq)+ Na2CO3(s)->2CH3COONa(aq)+H2O(l)+CO2(g)

(Ethanoicacid) (Sodium ethanoate)

3.Sodium carbonatereactswithethan-1,2-dioicacidtoform sodium ethanoate
,waterandcarbon(IV)oxidegas.

HOOC-COOH+ Na2CO3(s) ->NaOOC-COONa+H2O(l)+CO2(g)
(ethan-1,2-dioicacid) (sodium ethan-1,2-dioate)

4.Sodium hydrogencarbonatereactswithethan-1,2-dioicacidtoform sodium
ethanoate,waterandcarbon(IV)oxidegas.

HOOC-COOH+ 2NaHCO3(s) ->NaOOC-COONa+H2O(l)+2CO2(g)
(ethan-1,2-dioicacid) (sodium ethan-1,2-dioate)

(e)Esterification

Experiment
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Place4cm3ofethanolacidinaboilingtube.
Addequalvolumeofethanoicacid.Tothemixture,add2dropsofconcentrated

sulphuric(VI)acidcarefully.Warm/heatgentlyonBunsenflame.
Pourthemixtureintoabeakercontaining50cm3ofwater.Smelltheproducts.Repeat
withasolutionofsuccinicacid,citricacid,oxalicacid,tartaricacidanddilutesulphuric
(VI)acid.

Sampleobservations
Solution/acid Observations
Ethanoicacid Sweetfruitysmell
Succinicacid Sweetfruitysmell
Citricacid Sweetfruitysmell
Oxalicacid Sweetfruitysmell
Tartaricacid Sweetfruitysmell
Dilutesulphuric(VI)acid Nosweetfruitysmell

Explanation
Alkanolsreactwithalkanoicacidtoform thesweetsmellinghomologousseriesof
estersandwater.Thereactioniscatalysedbyconcentratedsulphuric(VI)acidinthe
laboratorybutnaturallybysunlight/heat.Eachesterhasacharacteristicsmellderived
from themanypossiblecombinationsofalkanolsandalkanoicacids.

Alkanol + Alkanoicacids -> Ester+ water
Estersderivetheirnamesfrom thealkanolfirstthenalkanoicacids.Thealkanol
“becomes”analkylgroupandthealkanoicacid“becomes”alkanoatehence
alkylalkanoate.e.g.

Ethanol + Ethanoicacid -> Ethylethanoate + Water
Ethanol + Propanoicacid -> Ethylpropanoate + Water
Ethanol + Methanoicacid -> Ethylmethanoate + Water
Ethanol + butanoicacid -> Ethylbutanoate + Water
Propanol + Ethanoicacid -> Propylethanoate+ Water
Methanol + Ethanoicacid -> Methyethanoate+ Water
Methanol + Decanoicacid -> Methyldecanoate + Water
Decanol + Methanoicacid -> Decylmethanoate + Water

Duringtheformationoftheester,the“O”joiningthealkanolandalkanoicacidcomes
from thealkanol.

R1-COOH + R2–OH -> R1-COO–R2 +H2O

Examples
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1.Ethanolreactswithethanoicacidtoform theesterethylethanoateandwater.
Ethanol +Ethanoicacid --Conc.H2SO4-->Ethylethanoate+Water

C2H5OH(l) +CH3COOH(l)--Conc.H2SO4-->CH3COOC2H5(aq)+H2O(l)
CH3CH2OH(l)+CH3COOH(l)--Conc.H2SO4-->CH3COOCH2CH3(aq)+H2O(l)

2.Ethanolreactswithpropanoicacidtoform theesterethylpropanoateandwater.
Ethanol +Propanoicacid--Conc.H2SO4-->Ethylethanoate+Water

C2H5OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->CH3CH2COOC2H5(aq)+H2O(l)
CH3CH2OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->

CH3CH2COOCH2CH3(aq)+H2O(l)

3.Methanolreactswithethanoicacidtoform theestermethylethanoateandwater.
Methanol +Ethanoicacid --Conc.H2SO4-->Methylethanoate+Water

CH3OH(l) +CH3COOH(l)--Conc.H2SO4-->CH3COOCH3(aq)+H2O(l)

4.Methanolreactswithpropanoicacidtoform theestermethylpropanoateandwater.
Methanol +propanoicacid--Conc.H2SO4-->Methylpropanoate+Water

CH3OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->CH3CH2COOCH3(aq)+H2O(l)

5.Propanolreactswithpropanoicacidtoform theesterpropylpropanoateandwater.
Propanol +Propanoicacid--Conc.H2SO4-->Ethylethanoate+Water

C3H7OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->CH3CH2COOC3H7(aq)+H2O(l)
CH3CH2CH2OH(l)+CH3CH2COOH(l)--Conc.H2SO4-->

CH3CH2COOCH2CH2CH3(aq)+H2O(l)

C.DETERGENTS
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Detergentsarecleaningagentsthatimprovethecleaningpower/propertiesofwater.A
detergentthereforeshouldbeableto:

(i)dissolvesubstanceswhichwatercannote.ggrease,oil,fat
(ii)bewashedawayaftercleaning.

Therearetwotypesofdetergents:
(a)Soapydetergents
(b)Soaplessdetergents

(a)SOAPYDETERGENTS
Soapydetergentsusuallycalledsoapislongchainsaltoforganicalkanoic
acids.Commonsoapissodium octadecanoate.Itisderivedfrom reacting
concentratedsodium hydroxidesolutionwithoctadecanoicacid(18carbonalkanoic
acid)i.e.
Sodium hydroxide+octadecanoicacid -> Sodium octadecanoate + water

NaOH(aq)+CH3(CH2)16COOH(aq) ->CH3(CH2)16COO– Na+(aq)+H2O(l)
Commonly,soapcanthusberepresented;

R-COO– Na+ where;
Risalongchainalkylgroupand -COO– Na+ isthealkanoateion.
Inaschoollaboratoryandatindustrialanddomesticlevel,soapismadebyreacting
concentratedsodium hydroxidesolutionwithestersfrom (animal)fatandoil.The
processofmakingsoapiscalledsaponification.Duringsaponification,theesteris
hydrolyzedbythealkalitoform sodium salt/soapandglycerol/propan-1,2,3-triolis
produced.

Fat/oil(ester)+sodium/potassium hydroxide->sodium/potassium salt(soap)+glycerol

Fats/Oilsareesterswithfattyacidsandglycerolpartsintheirstructure;
C17H35COOCH2

C17H35COOCH

C17H35COOCH2

Whenboiledwithconcentratedsodium hydroxidesolutionNaOH;
(i)NaOHionizes/dissociatesintoNa+andOH-ions
(ii)fat/oilsplitintothreeC17H35COO-andoneCH2CH CH2

(iii)thethreeNa+combinewiththethreeC17H35COO-toform thesalt
C17H35COO-Na+

(iv)thethreeOH-ionscombinewiththeCH2CH CH2toform analkanolwiththree
functionalgroupsCH2OHCHOH CH2OH(propan-1,2,3-triol)

C17H35COOCH2 CH2OH
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C17H35COOCH +NaOH->3C17H35COO-Na++ CHOH

C17H35COOCH2 CH2OH
Ester AlkaliSoap glycerol

Generally:
CnH2n+1COOCH2 CH2OH

CnH2n+1COOCH +NaOH->3CnH2n+1COO-Na++ CHOH

CnH2n+1COOCH2 CH2OH
Ester AlkaliSoap glycerol

R-COOCH2 CH2OH

R-COOCH +NaOH->3R-COO-Na+ + CHOH

R-COOCH2 CH2OH
Ester Alkali Soap glycerol

Duringthisprocessalittlesodium chlorideisaddedtoprecipitatethesoapbyreducing
itssolubility.Thisiscalledsaltingout.
Thesoapisthenaddedcolouringagents,perfumesandherbsofchoice.

Schoollaboratorypreparationofsoap
Placeabout40goffatty(animalfat)beef/meatin100cm3beaker.Addabout15cm3
of4.0M sodium hydroxidesolution.Boilthemixtureforabout15minutes.Stirthe
mixture.Addabout5.0cm3ofdistilledwaterasyouboiltomakeupforevaporation.
Boilforaboutanother15minutes.Addaboutfourspatulaendfullofpuresodium
chloridecrystals.Continuestirringforanotherfiveminutes.Allowtocool.Filterof
/decantandwashofftheresiduewithdistilledwater.Transferthecleanresidueintoa
drybeaker.Preserve.

Theactionofsoap
Soapydetergents:

(i)actbyreducingthesurfacetensionofwaterbyformingathinlayerontopof
thewater.

(ii)ismadeofanon-polaralkyl/hydrocarbontailandapolar-COO-Na+head.The
non-polaralkyl/hydrocarbontailishydrophobic(waterhating)andthusdoesnot
dissolveinwater.Itdissolvesinnon-polarsolventlikegrease,oilandfat.Thepolar-
COO-Na+headishydrophilic(waterloving)andthusdissolveinwater.Whenwashing
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withsoapydetergent,thenon-polartailofthesoapydetergentsurround/dissolveinthe
dirtonthegarment/grease/oilwhilethepolarheaddissolveinwater.
Throughmechanicalagitation/stirring/sqeezing/rubbing/beating/kneading,some
greaseisdislodged/liftedofthesurfaceofthegarment.Itisimmediatelysurrounded
bymoresoapmoleculesItfloatandspreadinthewaterastinydropletsthatscatter
lightinform ofemulsionmakingthewatercloudyandshinny.Itisremovedfrom the
garmentbyrinsingwithfreshwater.Therepulsionofthesoapheadprevent/ensure
thedropletsdonotmix.Onceremoved,thedirtmoleculescannotberedepositedback
becauseitissurroundedbysoapmolecules.

Advantagesanddisadvantagesofusingsoapydetergents
Soapydetergentsarebiodegradable.Theyareacteduponbybacteriaandrot.They
thusdonotcauseenvironmentalpollution.
Soapydetergentshavethediadvatageinthat:

(i)theyaremadefrom fatandoilswhicharebettereatenasfoodthanmakesoap.
(ii)formsaninsolubleprecipitatewithhardwatercalledscum.Scum isinsoluble

calcium octadecanoateandMagnesium octadecanoateformedwhensoapreacts
withCa2+andMg2+presentinhardwater.
Chemicalequation
2C17H35COO-Na+(aq)+ Ca2+(aq) -> (C17H35COO-)Ca2+(s)+ 2Na+(aq)

(insolubleCalcium octadecanote/scum)
2C17H35COO-Na+(aq)+ Mg2+(aq) -> (C17H35COO-)Mg2+(s)+ 2Na+(aq)

(insolubleMagnesium octadecanote/scum)
Thiscauseswastageofsoap.
Potassium soapsarebetterthanSodium soap.Potassium ismoreexpensivethan
sodium andthusitssoapisalsomoreexpensive.

(b)SOAPLESSDETERGENTS
Soaplessdetergentusuallycalleddetergentisalongchainsaltfromedfrom by-
productsoffractionaldistillationofcrudeoil.Commonlyusedsoapsinclude:

(i)washingagents
(ii)toothpaste
(iii)emulsifiers/wettingagents/shampoo

Soaplessdetergentsarederivedfrom reacting:
(i)concentratedsulphuric(VI)acidwithalongchainalkanole.g.Octadecanol(18

carbonalkanol)toform alkylhydrogensulphate(VI)
Alkanol+Concsulphuric(VI)acid->alkylhydrogensulphate(VI)+Water

R–OH + H2SO4 ->R–O-SO3H + H2O

(ii)thealkylhydrogensulphate(VI)isthenneutralizedwithsodium/potassium
hydroxidetoform sodium/potassium alkylhydrogensulphate(VI)
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Sodium/potassium alkylhydrogensulphate(VI)isthesoaplessdetergent.

alkylhydrogen + Potassium/sodium -> Sodium/potassium + Water
sulphate(VI) hydroxide alkylhydrogensulphate(VI)

R–O-SO3H + NaOH -> R–O-SO3
-Na+ + H2O

Example
StepI:ReactionofOctadecanolwithConc.H2SO4

C17H35CH2OH(aq)+H2SO4 ->C17H35CH2-O-SO3
-H+(aq)+ H2O(l)

octadecanol+sulphuric(VI)acid->Octadecylhydrogensulphate(VI)+water

StepII:Neutralizationbyanalkali
C17H35CH2-O-SO3

-H+(aq)+NaOH ->C17H35CH2-O-SO3
-Na+(aq)+ H2O(l)

Octadecylhydrogen+sodium/potassium -> sodium/potassium octadecyl+Water
sulphate(VI) hydroxide hydrogensulphate(VI)

Schoollaboratorypreparationofsoaplessdetergent
Placeabout20gofoliveoilina100cm3beaker.Putitinatroughcontainingicecold
water.
Adddropwisecarefully18M concentratedsulphuric(VI)acidstirringcontinuouslyinto
theoliveoiluntiltheoilturnsbrown.Add30cm3of6M sodium hydroxide
solution.Stir.Thisisasoaplessdetergent.

Theactionofsoaplessdetergents

Theactionofsoaplessdetergentsissimilartothatofsoapydetergents.Thesoapless
detergentscontainthehydrophilicheadandalonghydrophobictail.i.e.

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv-COO-Na+

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv-O-SO3
-Na+

(longhydrophobic/non-polaralkyltail) (hydrophilic/polar/ionichead)

Thetaildissolvesinfat/grease/oilwhiletheionic/polar/ionicheaddissolvesinwater.
Thetailsticktothedirtwhichisremovedbytheattractionofwatermoleculesandthe
polar/ionic/hydrophilicheadbymechanicalagitation/squeezing/kneading/
beating/rubbing/scrubbing/scatching.
Thesuspendeddirtisthensurroundedbydetergentmoleculesandrepulsionofthe
anionheadpreventingthedirtfrom stickingonthematerialgarment.
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Thetinydropletsofdirtemulsionmakesthewatercloudy.Onrinsingthecloudy
emulsioniswashedaway.

Advantagesanddisadvantagesofusingsoaplessdetergents
Soaplessdetergentsarenon-biodegradableunlikesoapydetergents.

Theypersistinwaterduringsewagetreatmentbycausingfoaminginrivers,lakesand
streamsleadingtomarine/aquaticdeath.
Soaplessdetergentshavetheadvantageinthatthey:

(i)donotform scum withhardwater.
(ii)arecheaptomanufacture/buying
(iii)aremadefrom petroleum productsbutsoapismadefrom fats/oilfor human
consumption.

Samplerevisionquestions

1.Studytheschemebelow

(a)Identifytheprocess
Saponification

(b)Fatsandoilsareesters.Writetheformulaoftheacommonstructureofester
C17H35COOCH2

C17H35COOCH

C17H35COOCH2

(c)Writeabalancedequationforthereactiontakingplaceduringboiling
C17H35COOCH2 CH2OH

Fat/oil KOH

Boiling Sodium

Chloride

Filtration

FiltrateY
ResidueX
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C17H35COOCH +3NaOH ->3C17H35COO-Na++ CHOH

C17H35COOCH2 CH2OH
Ester Alkali Soap glycerol

(d)GivetheIUPACnameof:
(i)ResidueX

Potassium octadecanoate
(ii)FiltrateY

Propan-1,2,3-triol

(e)GiveoneuseoffitrateY
Makingpaint

(f)Whatisthefunctionofsodium chloride
Toreducethesolubilityofthesoaphencehelpinginprecipitatingitout

(g)ExplainhowresidueXhelpsinwashing.
Hasanon-polarhydrophobictailthatdissolvesindirt/grease/oil/fat
Hasapolar/ionichydrophilicheadthatdissolvesinwater.
From mechanicalagitation,thedirtispluckedoutofthegarmentandsurrounded

bythetailendpreventingitfrom beingdepositedbackonthegarment.

(h)Stateone:
(i)advantageofcontinueduseofresidueXontheenvironment

Isbiodegradableandthusdonotpollutetheenvironment
(ii)disadvantageofusingresidueX

Usesfat/oilduringpreparation/manufacturewhicharebetterusedfor
humanconsumption.

(i)ResidueXwasaddeddropwisetosomewater.Thenumberofdropsusedbefore
latherformsisasinthetablebelow.

Watersample

A B C
DropsofresidueX 15 2 15

DropsofresidueXinboiledwater 2 2 15
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(i)Stateandexplainwhichsampleofwateris:
I.Soft

SampleB.Verylittlesoapisusedandnoeffectonamountofsoapevenon
boiling/heating.

II.Permanenthard
SampleC.Alotofsoapisusedandnoeffectonamountofsoapevenon
boiling/heating.Boilingdoesnotremovepermanenthardnessofwater.

III.Temporaryhard
SampleA.Alotofsoapisusedbeforeboiling.Verylittlesoapisusedon
boiling/heating.Boilingremovetemporaryhardnessofwater.

(ii)WritetheequationforthereactionatwatersampleC.

Chemicalequation
2C17H35COO-K+(aq)+ CaSO4(aq) -> (C17H35COO-)Ca2+(s)+ K2SO4(aq)

(insolubleCalcium octadecanote/scum)
Ionicequation
2C17H35COO-K+(aq)+ Ca2+(aq) -> (C17H35COO-)Ca2+(s)+ 2K+(aq)

(insolubleCalcium octadecanote/scum)
Chemicalequation
2C17H35COO-K+(aq)+ MgSO4(aq) ->(C17H35COO-)Mg2+(s)+ K2SO4(aq)

(insolubleCalcium octadecanote/scum)
Ionicequation
2C17H35COO-K+(aq)+ Mg2+(aq) -> (C17H35COO-)Mg2+(s)+ 2K+(aq)

(insolubleMagnesium octadecanote/scum)

(iii)WritetheequationforthereactionatwatersampleAbeforeboiling.
Chemicalequation
2C17H35COO-K+(aq)+Ca(HCO3)(aq)->(C17H35COO-)Ca2+(s)+2KHCO3(aq)

(insolubleCalcium octadecanote/scum)
Ionicequation
2C17H35COO-K+(aq)+ Ca2+(aq) -> (C17H35COO-)Ca2+(s)+ 2K+(aq)

(insolubleCalcium octadecanote/scum)
Chemicalequation
2C17H35COO-K+(aq)+Mg(HCO3)(aq)->(C17H35COO-)Mg2+(s)+2KHCO3(aq)

(insolubleCalcium octadecanote/scum)
Ionicequation
2C17H35COO-K+(aq)+ Mg2+(aq) -> (C17H35COO-)Mg2+(s)+ 2K+(aq)

(insolubleMagnesium octadecanote/scum)

(iv)Explainhowwaterbecomeshard
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Naturalorrainwaterflowing/passingthroughrockscontainingcalcium (chalk,
gypsum,limestone)andmagnesium compounds(dolomite)dissolvethem toform
solubleCa2+ andMg2+ionsthatcauseswaterhardness.

(v)Statetwousefulbenefitsofhardwater
-Usedinboneandteethformation
-Coralpolypsusehardwatertoform coralreefs
-Snailsusehardwatertomaketheirshells

2.Studytheschemebelowanduseittoanswerthequestionsthatfollow.

(a)Identify:
(i)brownsolidA

Alkylhydrogensulphate(VI)
(ii)substanceB

Sodium alkylhydrogensulphate(VI)
(b)Writeageneralformulaof:

(i)SubstanceA.
O

R-O-SO3 H //R-O-S-O -H

O
(ii)SubstanceB O

R-O-SO3
-Na+ R-O-S-O-Na+

O
(c)Stateone

Oliveoil Conc.H2SO4

Icecold

water

BrownsolidA
6M sodium

hydroxide

SubstanceB
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(i)advantageofcontinueduseofsubstanceB
-Doesnotform scum withhardwater
-Ischeaptomake
-Doesnotusefoodforhumanasarawmaterial.

(ii)disadvantageofcontinueduseofsubstanceB.
Isnon-biodegradablethereforedonotpollutetheenvironment

(d)ExplaintheactionofBduringwashing.
Hasanon-polarhydrocarbonlongtailthatdissolvesindirt/grease/oil/fat.
Hasapolar/ionichydrophilicheadthatdissolvesinwater
Throughmechanicalagitationthedirtisplucked/removedfrom thegarmentand
surroundedbythetailendpreventingitfrom beingdepositedbackonthe
garment.

(e)Ethenewassubstitutedforoliveoilintheaboveprocess.Writetheequationand
nameofthenewproductsAandB.
ProductA
Ethene + Sulphuric(VI)acid -> Ethylhydrogensulphate(VI)

H2C=CH2 + H2SO4 –> H3C–CH2–O-SO3H

ProductB
Ethylhydrogensulphate(VI)+sodium hydroxide->sodium Ethyl + Water

hydrogensulphate(VI)

H3C–CH2–O-SO3H + NaOH -> H3C–CH2–O-SO3
-Na++H2O

(f)EthanolcanalsoundergosimilarreactionsformingnewproductsAandB.Showthis
usingachemicalequation.
ProductA
Ethanol + Sulphuric(VI)acid ->Ethylhydrogensulphate(VI)+water

H3C-CH2OH + H2SO4 –> H3C–CH2–O-SO3H +H2O

ProductB
Ethylhydrogensulphate(VI)+sodium hydroxide->sodium Ethyl + Water

hydrogensulphate(VI)

H3C–CH2–O-SO3H + NaOH -> H3C–CH2–O-SO3
-Na++H2O

3.Belowispartofadetergent
H3C –(CH2)16 – O -SO3

-K+

(a)Writetheformularofthepolarandnon-polarend
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Polarend
H3C –(CH2)16 –

Non-polarend
– O -SO3

-K+

(b)Isthemoleculeasoapyorsaoplessdetergent?
Soaplessdetergent

(c)Stateoneadvantageofusingtheabovedetergent
-doesnotform scum withhardwater
-ischeaptomanufacture

4.Thestructureofadetergentis

H H H HH H H H H H H H H

H-C-C-C-C-C-C-C-C-C-C-C-C--C-COO-Na+

H H H H H H H H H H H H H

a) Writethemolecularformulaofthedetergent. (1mk)
CH3(CH2)12COO-Na+

b) Whattypeofdetergentisrepresentedbytheformula? (1mk)
Soapydetergent

c) Whenthistypeofdetergentisusedtowashlineninhardwater,spots(marks)
areleftonthelinen.Writetheformulaofthesubstanceresponsibleforthespots
(CH3(CH2)12COO-)2Ca2+ /CH3(CH2)12COO-)2Mg2+

D.POLYMERSANDFIBRES
Polymersandfibresaregiantmoleculesoforganiccompounds.Polymersandfibres
areformedwhensmallmoleculescalledmonomersjointogethertoform large
moleculescalledpolymersathightemperaturesandpressures.Thisprocessiscalled
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polymerization.
Polymersandfibresareeither:

(a)Naturalpolymersandfibres
(b)Syntheticpolymersandfibres

Naturalpolymersandfibresarefoundinlivingthings(plantsandanimals)Natural
polymers/fibresinclude:

-proteins/polypeptidesmakingaminoacidsinanimals
-cellulosethatmakecotton,wool,paperandsilk
-Starchthatcomefrom glucose
-Fatsandoils
-Rubberfrom latexinrubbertrees.

Syntheticpolymersandfibresareman-made.Theyinclude:
-polyethene
-polychloroethene
-polyphenylethene(polystyrene)
-Terylene(Dacron)
-Nylon-6,6
-Perspex(artificialglass)

Syntheticpolymersandfibreshavethefollowingcharacteristicadvantagesover
naturalpolymers
1.Theyarelightandportable
2.Theyareeasytomanufacture.
3.Theycaneasilybemoldedintoshapeofchoice.
4.Theyareresistanttocorrosion,water,air,acids,basesandsalts.
5.Theyarecomparativelycheap,affordable,colourfulandaesthetic

Syntheticpolymersandfibreshoweverhavethefollowingdisadvantagesovernatural
polymers

1.Theyarenon-biodegradableandhencecauseenvironmentalpollutionduring
disposal

2.Theygiveouthighlypoisonousgaseswhenburntlikechlorine/carbon(II)oxide
3.SomeonburningproduceCarbon(IV)oxide.Carbon(IV)oxideisagreenhouse

gasthatcauseglobalwarming.
4.Comparedtosomemetals,theyarepoorconductorsofheat,electricityandhave

lowertensilestrength.
5.

Toreduceenvironmentalpollutionfrom syntheticpolymersandfibres,thefollowitn
methodsofdisposalshouldbeused:
1.Recycling:Onceproducedallsyntheticpolymersandfibresshouldberecycledtoa
newproduct.Thispreventsaccumulationofthesyntheticpolymersandfibresinthe
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environment.
2.Productionofbiodegradablesyntheticpolymersandfibresthatrotaway.

Therearetwotypesofpolymerization:
(a)additionpolymerization
(b)condensationpolymerization

(a)additionpolymerization
Additionpolymerizationistheprocesswhereasmallunsaturatedmonomer(alkene)
moleculejointogethertoform alargesaturatedmolecule.Onlyalkenesundergo
additionpolymerization.
Additionpolymersarenamedfrom thealkene/monomermakingthepolymerand

addingtheprefix“poly”beforethenameofmonomertoform apolyalkene

Duringadditionpolymerization
(i)thedoublebondinalkenesbreak
(ii)freeradicalsareformed
(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule.

Themorecollisionsthelargerthemolecule.

Examplesofadditionpolymerization

1.FormationofPolyethene
Polyetheneisanadditionpolymerformedwhenethenemolecule/monomerjoin
togethertoform alargemolecule/polymerathightemperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingpaticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H H H H H H H H

Ethene + Ethene + Ethene + Ethene +…

(ii)thedoublebondjoiningtheethanemoleculebreaktofreereadicals

H H H H H H H H
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•C–C• + •C-C• + •C-C• + •C-C• + …

H H H H H H H H

Etheneradical +Etheneradical + Etheneradical + Etheneradical +…

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C–C-C–C-C–C-C-C• + …

H H H H H H H H
Lonepairofelectronscanbeusedtojoinmoremonomerstoform longerpolyethene.
Polyethenemoleculecanberepresentedas:

H H H H H H H H extensionof
molecule/polymer

-C–C-C–C-C–C-C–C- + …

H H H H H H H H
Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:

H H

(C–C )n

H H
Wherenisthenumberofmonomersinthepolymer.Thenumberofmonomersinthe

polymercanbedeterminedfrom themolarmassofthepolymerandmonomerfrom
therelationship:
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer

Molarmassmonomer

Examples
Polythenehasamolarmassof4760.Calculatethenumberofethenemoleculesinthe
polymer(C=12.0,H=1.0)
Numberofmonomers/repeatingunitsinpolyomer=Molarmasspolymer

Molarmassmonomer
=>Molarmassethene(C2H4)=28Molarmasspolyethene=4760
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Substituting 4760 = 170ethenemolecules
28

Thecommercialnameofpolyetheneispolythene.Itisanelastic,tough,transparent
anddurableplastic.Polytheneisused:

(i)inmakingplasticbag
(ii)bowlsandplasticbags
(iii)packagingmaterials

2.FormationofPolychlorethene
Polychloroetheneisanadditionpolymerformedwhenchloroethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingparticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H Cl H Cl H Cl H Cl

chloroethene + chloroethene + chloroethene+ chloroethene +…

(ii)thedoublebondjoiningthechloroethenemoleculebreaktofreeradicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H Cl H Cl H Cl H Cl

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C–C-C–C-C–C-C-C• + …

H Cl H ClH ClH Cl
Lonepairofelectronscanbeusedtojoinmoremonomerstoform longer
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polychloroethene.
Polychloroethenemoleculecanberepresentedas:

H H H H H H H H extensionof
molecule/polymer

-C–C-C–C-C–C-C–C- + …

H Cl H ClH ClH Cl

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
H H

(C–C )n

H Cl

Examples
Polychlorothenehasamolarmassof4760.Calculatethenumberofchlorethene
moleculesinthepolymer(C=12.0,H=1.0,Cl=35.5)
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer

Molarmassmonomer
=>Molarmassethene(C2H3Cl)=62.5Molarmasspolyethene=4760

Substituting 4760 =77.16 =>77polychloroethenemolecules(wholenumber)
62.5

Thecommercialnameofpolychloroetheneispolyvinylchloride(PVC).Itisatough,non-
transparentanddurableplastic.PVCisused:

(i)inmakingplasticrope
(ii)waterpipes
(iii)cratesandboxes

3.FormationofPolyphenylethene
Polyphenyletheneisanadditionpolymerformedwhenphenylethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingparticles)

H H H H H H H H
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C=C + C=C + C=C + C=C + …

H C6H5 H C6H5 H C6H5 H C6H5

phenylethene + phenylethene+ phenylethene+ phenylethene +…

(ii)thedoublebondjoiningthephenylethenemoleculebreaktofreeradicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H C6H5 H C6H5 H C6H5 H C6H5

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C – C -C – C -C – C -C -C • + …

H C6H5 H C6H5 H C6H5 H C6H5

Lonepairofelectronscanbeusedtojoinmoremonomerstoform longer
polyphenylethene.
Polyphenylethenemoleculecanberepresentedas:

H H H H H H H H

-C – C - C – C -C – C -C -C -

H C6H5 H C6H5 H C6H5 H C6H5

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
H H

(C–C )n

H C6H5

Examples
Polyphenylthenehasamolarmassof4760.Calculatethenumberofphenylethene
moleculesinthepolymer(C=12.0,H=1.0,)
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Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer
Molarmassmonomer

=>Molarmassethene(C8H8)=104Molarmasspolyethene=4760

Substituting 4760=45.7692=>45polyphenylethenemolecules(wholenumber)
104

Thecommercialnameofpolyphenyletheneispolystyrene.Itisaverylightdurable
plastic.Polystyreneisused:

(i)inmakingpackagingmaterialforcarryingdelicateitemslikecomputers,
radion,calculators.

(ii)ceilingtiles
(iii)clothelinings

4.FormationofPolypropene
Polypropeneisanadditionpolymerformedwhenpropenemolecule/monomerjoin
togethertoform alargemolecule/polymerathightemperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
reducesthevolumeoccupiedbyreactingparticles)

H H H H H H H H

C=C + C=C + C=C + C=C + …

H CH3 H CH3 H CH3 H CH3

propene + propene+ propene + propene +…

(ii)thedoublebondjoiningthephenylethenemoleculebreaktofreeradicals

H H H H H H H H

•C–C• + •C-C• + •C-C• + •C-C• + …

H CH3 H CH3 H CH3 H CH3

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

H H H H H H H H lonepairofelectrons

•C – C -C – C -C – C -C -C • + …



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 167

H CH3 H CH3 H CH3 H CH3

Lonepairofelectronscanbeusedtojoinmoremonomerstoform longerpropene.
propenemoleculecanberepresentedas:

H H H H H H H H

-C – C - C – C -C – C -C -C -

H CH3 H CH3 H CH3 H CH3

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
H H

(C–C )n

H CH3

Examples
Polypropenehasamolarmassof4760.Calculatethenumberofpropenemoleculesin
thepolymer(C=12.0,H=1.0,)
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer

Molarmassmonomer
=>Molarmasspropene(C3H8)=44Molarmasspolyethene=4760

Substituting 4760=108.1818=>108propenemolecules(wholenumber)
44

Thecommercialnameofpolyphenyletheneispolystyrene.Itisaverylightdurable
plastic.Polystyreneisused:

(i)inmakingpackagingmaterialforcarryingdelicateitemslikecomputers,
radion,calculators.

(ii)ceilingtiles
(iii)clothelinings

5.FormationofPolytetrafluorothene
Polytetrafluorotheneisanadditionpolymerformedwhentetrafluoroethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
Duringpolymerization:
(i)manymoleculesarebroughtnearertoeachotherbythehighpressure(which
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reducesthevolumeoccupiedbyreactingparticles)

F F F F F F F F

C=C + C=C + C=C + C=C + …

F F F F F F F F

tetrafluoroethene+tetrafluoroethene+tetrafluoroethene+tetrafluoroethene+…

(ii)thedoublebondjoiningthetetrafluoroethenemoleculebreaktofreeradicals

F F F F F F F F

•C–C• + •C-C• + •C-C• + •C-C• + …

F F F F F F F F

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule

F F F F F F F F lonepairofelectrons

•C–C-C–C-C–C-C-C• + …

F F F F F F F F
Lonepairofelectronscanbeusedtojoinmoremonomerstoform longer
polytetrafluoroethene.
polytetrafluoroethenemoleculecanberepresentedas:

F F F F F F F F extensionof
molecule/polymer

-C–C-C–C-C–C-C–C- + …

F F F F F F F F

Sincethemoleculeisarepetitionofonemonomer,thenthepolymeris:
F F

(C–C )n

F F
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Examples
Polytetrafluorothenehasamolarmassof4760.Calculatethenumberof
tetrafluoroethenemoleculesinthepolymer(C=12.0,,F=19)
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer

Molarmassmonomer
=>Molarmassethene(C2F4)=62.5Molarmasspolyethene=4760

Substituting 4760 =77.16 =>77polychloroethenemolecules(wholenumber)
62.5

Thecommercialnameofpolytetrafluorethene(P.T.F.E)isTeflon(P.T.F.E).Itisatough,
non-transparentanddurableplastic.PVCisused:

(i)inmakingplasticrope
(ii)waterpipes
(iii)cratesandboxes

5.Formationofrubberfrom Latex
Naturalrubberisobtainedfrom rubbertrees.
Duringharvestinganincisionismadeontherubbertreetoproduceamilkywhite

substancecalledlatex.
Latexisamixtureofrubberandlotsofwater.
Thelatexisthenaddedanacidtocoagulatetherubber.
Naturalrubberisapolymerof2-methylbut-1,3-diene;

H CH3 H H

CH2=C(CH3)CH=CH2 H -C = C – C = C -H

Duringnaturalpolymerizationtorubber,onedoubleC=Cbondbreaktoselfaddto
anothermolecule.Thedoublebondremainingmovetocarbon“2”thus;

H CH3 H H H CH3 H H

-C - C = C - C -C - C = C - C -

H H H H
Generallythestructureofrubberisthus;

H CH3 H H

-(-C - C = C - C -)n-
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H H
Purerubberissoftandsticky.Itisusedtomakeerasers,cartyres.Mostofitis
vulcanized.Vulcanizationistheprocessofheatingrubberwithsulphurtomakeit
harder/tougher.
Duringvulcanizationthesulphuratomsform acrosslinkbetweenchainsofrubber
molecules/polymers.ThisdecreasesthenumberofC=Cdoublebondsinthepolymer.

H CH3 H H H CH3 H H

-C - C -C - C -C - C - C - C -

H S H H S H

H CH3 S H H CH3 S H

-C - C - C - C -C - C - C - C -

H H H H H H
Vulcanizedrubberisusedtomaketyres,shoesandvalves.

6.Formationofsyntheticrubber
Syntheticrubberisabletoresistactionofoil,abrasionandorganicsolventswhich
rubbercannot.
Commonsyntheticrubberisapolymerof2-chlorobut-1,3-diene;

H Cl H H

CH2=C(ClCH=CH2 H -C = C – C = C -H

Duringpolymerizationtosyntheticrubber,onedoubleC=Cbondisbrokentoselfadd
toanothermolecule.Thedoublebondremainingmovetocarbon“2”thus;

H Cl H H H Cl H H

-C - C = C - C -C - C = C - C -

H H H H
Generallythestructureofrubberisthus;

H Cl H H

Sulphuratoms

makecrosslink

betweenpolymers
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-(-C - C = C - C -)n-

H H
Rubberisthusstrengthenedthroughvulcanizationandmanufactureofsynthetic
rubber.

(b)Condensationpolymerization
Condensationpolymerizationistheprocesswheretwoormoresmallmonomersjoin
togethertoform alargermoleculebyelimination/removalofasimplemolecule.
(usuallywater).
Condensationpolymersacquireadifferentnamefrom themonomersbecausethe

twomonomersaretwodifferentcompounds
Duringcondensationpolymerization:

(i)thetwomonomersarebroughttogetherbyhighpressuretoreducedistance
betweenthem.

(ii)monomersrealignthemselvesatthefunctionalgroup.
(iii)from eachfunctionalgroupanelementisremovedsoastoform simple

molecule(ofusuallyH2O/HCl)
(iv)thetwomonomersjoinwithoutthesimplemoleculeofH2O/HCl

Examplesofcondensationpolymerization

1.FormationofNylon-6,6
Method1:Nylon-6,6canbemadefrom thecondensationpolymerizationofhexan-1,6-
dioicacidwithhexan-1,6-diamine.Aminesareagroupofhomologousserieswitha
generalformulaR-NH2andthus-NH2asthefunctionalgroup.
DuringtheformationofNylon-6,6:

(i)thetwomonomersarebroughttogetherbyhighpressuretoreducedistance
betweenthem andrealignthemselvesatthefunctionalgroups.

O O H H

H-O-C– (CH2)4–C–O-H + H–N–(CH2)6–N–H

(iii)from eachfunctionalgroupanelementisremovedsoastoform amolecule
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ofH2Oandthetwomonomersjoinatthelinkage.
O O H H

H-O-C– (CH2)4– C – N –(CH2)6–N–H +H2O

.
Polymerbondlinkage

Nylon-6,6deriveitsnamefrom thetwomonomerseachwithsixcarbonchain

Method2:Nylon-6,6canbemadefrom thecondensationpolymerizationofhexan-1,6-
dioyldichloridewithhexan-1,6-diamine.
Hexan-1,6-dioyldichloridebelongtoagroupofhomologousserieswithageneral
formulaR-OClandthus-OClasthefunctionalgroup.
TheR-OClisformedwhenthe“OH”inR-OOH/alkanoicacidisreplacedby
Cl/chlorine/Halogen

DuringtheformationofNylon-6,6:
(i)thetwomonomersarebroughttogetherbyhighpressuretoreducedistance

betweenthem andrealignthemselvesatthefunctionalgroups.
O O H H

Cl- C– (CH2)4 –C–Cl+H–N–(CH2)6–N–H

(iii)from eachfunctionalgroupanelementisremovedsoastoform amolecule
ofHClandthetwomonomersjoinatthelinkage.

O O H H

Cl-C– (CH2)4– C – N –(CH2)6–N–H +HCl

.
Polymerbondlinkage

Thetwomonomerseachhassixcarbonchainhencethename“nylon-6,6”
ThecommercialnameofNylon-6,6isNylonItisaatough,elasticanddurableplastic.
Itisusedtomakeclothes,plasticropesandcarpets.

2.FormationofTerylene
Method1:Terylenecanbemadefrom thecondensationpolymerizationofethan-1,2-
diolwithbenzene-1,4-dicarboxylicacid.
Benzene-1,4-dicarboxylicacidagroupofhomologousserieswithageneralformulaR-
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COOHwhereRisaringofsixcarbonatom calledBenzenering.Thefunctionalgroupis
-COOH.
DuringtheformationofTerylene:

(i)thetwomonomersarebroughttogetherbyhighpressuretoreducedistance
betweenthem andrealignthemselvesatthefunctionalgroups.

O O

H-O-C– C6H5 –C–O-H + H–O– CH2CH2–O–H

(iii)from eachfunctionalgroupanelementisremovedsoastoform amolecule
ofH2Oandthetwomonomersjoinatthelinkage.

O O

H-O-C– C6H5 – C – O –(CH2)6–N–H + H2O

.
Polymerbondlinkageofterylene

Method2:Terylenecanbemadefrom thecondensationpolymerizationofbenzene-
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1,4-dioyldichloridewithethan-1,2-diol.
Benzene-1,4-dioyldichloridebelongtoagroupofhomologousserieswithageneral
formulaR-OClandthus-OClasthefunctionalgroupandRasabenzenering.
TheR-OClisformedwhenthe“OH”inR-OOH isreplacedbyCl/chlorine/Halogen

DuringtheformationofTerylene
(i)thetwomonomersarebroughttogetherbyhighpressuretoreducedistance

betweenthem andrealignthemselvesatthefunctionalgroups.
O O

Cl- C– C5H5 – C–Cl+H–O–CH2CH2–O-H

(iii)from eachfunctionalgroupanelementisremovedsoastoform amolecule
ofHClandthetwomonomersjoinatthelinkage.

O O

Cl-C– C5H5 – C – O – CH2CH2–O–H + HCl

.
Polymerbondlinkageofterylene
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ThecommercialnameofteryleneisPolyester/polysterItisaatough,elasticand
durableplastic.Itisusedtomakeclothes,plasticropesandsailsandplasticmodel
kits.

PracticequestionsOrganicchemistry

1. AstudentmixedequalvolumesofEthanolandbutanoicacid.Headdedafew

dropsofconcentratedSulphuric(VI)acidandwarmedthemixture

(i)Nameandwritetheformulaofthemainproducts

Name………………………………….

Formula……………………………………..

(ii)Whichhomologousseriesdoestheproductnamedin(i)abovebelong?

2. Thestructureofthemonomerphenyletheneisgivenbelow:-
HC=CH2

O
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a)Givethestructureofthepolymerformedwhenfourofthemonomersare

added together

b)Givethenameofthepolymerformedin(a)above

3. Explaintheenvironmentaleffectsofburningplasticsinairasadisposalmethod

4. Writechemicalequationtorepresenttheeffectofheatonammonium carbonate

5. Sodium octadecanoatehasachemicalformulaCH3(CH2)6COO-Na+,whichis

usedassoap.

Explainwhyalotofsoapisneededwhenwashingwithhardwater

6. Anaturalpolymerismadeupofthemonomer:

(a)Writethestructuralformulaoftherepeatunitofthepolymer

(b)When5.0x10-5molesofthepolymerwerehydrolysed,0.515gofthe

monomer

wereobtained.

Determinethenumberofthemonomermoleculesinthispolymer.

(C=12;H=1;N=14;O=16)

7. TheformulabelowrepresentsactiveingredientsoftwocleansingagentsAandB

O

CH3CH2CH C OH
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Whichoneofthecleansingagentswouldbesuitabletobeusedinwater

containingmagnesium hydrogencarbonate?Explain
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8. Studythepolymerbelowanduseittoanswerthequestionsthatfollow:

(a)Givethenameofthemonomeranddrawitsstructures

(b)Identifythetypeofpolymerizationthattakesplace

(c)Stateoneadvantageofsyntheticpolymers

9. EthanolandPentanearemiscibleliquids.Explainhowwatercanbeusedto

separateamixture

ofethanolandpentane

10.

(a)Whatisabsoluteethanol?

(b)StatetwoconditionsrequiredforprocessGtotakeplaceefficiently

11. (a)(i)Thetablebelowshowsthevolumeofoxygenobtainedperunittimewhen

hydrogen

GLUCOSE

SOLUTION

CRUDE

ETHANOL

95%

ETHANOL

ABSOLUTE

ETHANOL

G H

H H H H

C C C C
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peroxidewasdecomposedinthepresenceofmanganese(IV)Oxide.Use

ittoanswer

thequestionsthatfollow:-

Timeinseconds VolumeofOxygen

evolved(cm3)

0

30

60

90

120

150

180

210

240

270

300

0

10

19

27

34

38

43

45

45

45

45

(i)Plotagraphofvolumeofoxygengasagainsttime

(ii)Determinetherateofreactionattime156seconds

(iii)From thegraph,findthetimetakenfor18cm3ofoxygentobeproduced

(iv)Writeachemicalequationtoshowhowhydrogenperoxidedecomposesin

thepresence

ofmanganese(IV)Oxide

(b)Thediagram belowshowshowaLe’clanche(Drycell)appears:-



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 180

(i)WhatisthefunctionofMnO2inthecellabove?

(ii)Writetheequationofareactionthatoccursatthecathode

(iii)CalculatethemassofZincthatisconsumedwhenacurrentof0.1amperes

flows

throughtheabovecellfor30minutes(1F=96500cZn=65)

12. (a)GivetheIUPACnamesofthefollowingcompounds:

(i)CH3COOCH2CH3 *

(ii)

(b)Thestructurebelowshowssomereactionsstartingwithethanol.Studyitand

answer

CH2=C–

CHCH3
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thequestionsthatfollow:

(i)WritetheformulaoftheorganiccompoundsPandS

*

(ii)Namethetypeofreaction,thereagent(s)andconditionforthereactionsin

thefollowingsteps:-

(I)StepI *

(II)StepII *

(III)StepIII *

(iii)NamereagentR……………………………………………………………*

(iv)DrawthestructuralformulaofTandgiveitsname

*

(v)(I)NamecompoundU………………………………………………………..

(II)IftherelativemolecularmassofUis42000,determinethevalueofn

(C=12,H=1)

CH3COOH CH3COONa

CH3CH2OH

CH2=CH2 CH3CH3CH2 CH2
n

S

P CH4

T

NaMetal

CompoundU

StepII

StepI

StepIII

CH3COOH

ReagentR

NaOH(aq)

Heat

Excess

Cl2/U.V
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(c)StatewhyC2H4burnswithamoresmokyflamethanC2H6

*

13. a)Statetwofactorsthataffectthepropertiesofapolymer

b)Namethecompoundwiththeformulabelow:

CH3CH2CH2ONa

c)Studytheschemebelowanduseittoanswerthequestionsthatfollow:-

CH3CH2CH3

P

Step
CH3CH=CH2

Step

CH3CH2CH2OH

CH3CH2COOH

StepR

GasF CH3CH2COONa
NaOHK2CO3

StepX
NaOH

Heat
CH3CH2COOCH3

G

ProductT

+Na2CO3

H H

C– C n

K
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i)Namethefollowingcompounds:-

I.ProductT ………………………… II.K ………

ii)StateonecommonphysicalpropertyofsubstanceG

iii)StatethetypeofreactionthatoccurredinstepJ

iv)GiveoneuseofsubstanceK

v)WriteanequationforthecombustionofcompoundP

vi)ExplainhowcompoundsCH3CH2COOH andCH3CH2CH2OHcanbedistinguished

chemically

vii)IfapolymerKhasrelativemolecularmassof12,600,calculatethevalueofn

(H=1C=12)

14. Studytheschemegivenbelowandanswerthequestionsthatfollow:-

H2(g) Ni

Hightemp

PolymerQ Polymerization CompoundP CH3CH2CH3

CH3CH2CH2ONa+H2

Na(s)
Propan-l-ol

StepI
Propylethanoate

CH3CH2COOH

SolutionT+CO2(g)

StepIII

Na2CO3(aq)

Conc.H2SO4180oC

StepII
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(a)(i)NamecompoundP……………………………………………………………………

(ii)WriteanequationforthereactionbetweenCH3CH2COOHandNa2CO3

(b)StateoneuseofpolymerQ

(c)NameoneoxidisingagentthatcanbeusedinstepII…………………………………..

(d)AsampleofpolymerQisfoundtohaveamolecularmassof4200.Determinethe

numberof

monomersinthepolymer (H=1,C=12)

(e)NamethetypeofreactioninstepI…………………………………………………………..

(f)StateoneindustrialapplicationofstepIII

(g)Statehowburningcanbeusedtodistinguishbetweenpropaneandpropyne.

Explainyour

answer

(h)1000cm3ofethene(C2H4)burntinoxygentoproduceCarbon(II)Oxideandwater

vapour.

Calculatetheminimum volumeofairneededforthecompletecombustionof
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ethene

(Aircontains20%byvolumeofoxygen)

15. (a)Studytheschematicdiagram belowandanswerthequestionsthatfollow:-

(i)Identifythefollowing:

SubstanceQ

..............................................................................................................

Substance

R...............................................................................................................

Gas

P..........................................................................................................................

(ii)Name:

Step1.................................................................................................

CH3CH2COOCH2CH2CH3

CH3CHCH2 CH3CH2CH2ONa+GasPCH3CH2CH2OH

X

V

HClStep5

Step1 R

Na

Step2H+

Step3

Q+H2O

MnO-
4

Step4

Ni H2
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Step4.................................................................................................

(iii)Drawthestructuralformulaofthemajorproductofstep5

(iv)Statetheconditionandreagentinstep3

16. Studytheflowchartbelowandanswerthequestionsthatfollow

(a)(i)Namethefollowingorganiccompounds:

M……………………………………………………………..……..

L…………………………………………………………………..

(ii)Nametheprocessinstep:

Step2………………………………………………………….….

Step4………………………………………………………….…

(iii)IdentifythereagentPandQ

(iv)WriteanequationforthereactionbetweenCH3CH2CH2OHandsodium

M

KMnO4/H+

CH2CH2

Ethyl

Ethanoate

CH2CH2OH

L

J

K

CO2(g)

STEP2

ReagentQ

Step3

KMnO4/H+
(aq)

Ni/H2(g)

Step4

ReagentP
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Products C2H5COONaStepV

Completecombustion

CHCH

StepI

StepII

CH2=CH2

StepIII

CH2=CHCl

C2H6

StepIV+Heat

n

17. a)Givethenamesofthefollowingcompounds:

i)CH3CH2CH2CH2OH……………………………………………………………………

ii)CH3CH2COOH …………………………………………………………………

iii)CH3C–O-CH2CH3……………………………………………………………………

18. Studytheschemegivenbelowandanswerthequestionsthatfollow;

i)Namethereagentsusedin:

StepI: ………………………………………………………………………

StepII ……………………………………………………………………

StepIII ………………………………………………………………………

ii)Writeanequationtoshowproductsformedforthecompletecombustionof

CH=CH

iii)Explainonedisadvantageofcontinueduseofitemsmadeform the

compoundformed

instepIII

19. Ahydratedsalthasthefollowingcompositionbymass.Iron20.2%,oxygen
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23.0%,

sulphur11.5%,water45.3%

i)Determinetheformulaofthehydratedsalt(Fe=56,S=32,O=16,H=11)

ii)6.95gofthehydratedsaltinc(i)aboveweredissolvedindistilledwaterand

thetotal

volumemadeto250cm3ofsolution.Calculatetheconcentrationofthe

resultingsaltsolution

inmolesperlitre.(Giventhatthemoleculamassofthesaltis278)

20.WriteanequationtoshowproductsformedforthecompletecombustionofCH=

CH

iii)Explainonedisadvantageofcontinueduseofitemsmadeform the

compoundformed

instepIII
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21. GivetheIUPACnameforeachofthefollowingorganiccompounds;

i)CH3-CH-CH2-CH3

OH

ii)CH3–CH–CH2–CH2-CH3

C2H5

iii)CH3COOCH2CH2CH3

22. Thestructurebelowrepresentsacleansingagent.

O

R–S–O-Na+

O

a)Statethetypeofcleansingagentrepresentedabove

b)Stateoneadvantageandonedisadvantageofusingtheabovecleansingagent.

23. Thestructurebelow showspartofpolymer.Useittoanswerthequestions

thatfollow.

CH3 CH3 CH3

  

―CH -CH2–CH-CH2-CH–CH2―
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a)Derivethestructureofthemonomer

b)Namethetypeofpolymerizationrepresentedabove

24. Theflowchartbelowrepresentsaseriesofreactionsstartingwithethanoicacid:

-

(a)IdentifysubstancesAandB

(b)NametheprocessI

25. a)Writeanequationshowinghowammonium nitratemaybepreparedstarting

with

ammoniagas

(b)Calculatethemaximum massofammonium nitratethatcanbeprepared

using5.3kgof

ammonia(H=1,N=14,O=16)

26. (a)Whatismeantbytheterm,esterification?

(b)Drawthestructuralformulaeoftwocompoundsthatmaybereactedtoform

ethylpropanoate

27. (a)Drawthestructureofpentanoicacid

(b)Drawthestructureandgivethenameoftheorganiccompoundformedwhen

ethanol

Ethanol B

processI

Ethanoic

acid

Na2CO3 SaltA+CO2+H2O
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reactswith pentanoicacidinpresenceofconcentratedsulphuricacid
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28. Theschemebelowshowssomereactionsstartingwithethanol.Studyitand

answerthequestions

thatfollow:-

(i)NameanddrawthestructureofsubstanceQ

(ii)Givethenamesofthereactionsthattakeplaceinsteps2and4

Q

P CH3COONa

Ethanol

CH3CH2ONa

C
H2SO4(l)

Cr2O7(aq)/H+(aq)

Na(s)

Step2

Step4 CH3CH2OH/H2SO4

Step3

2-
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(iii)Whatreagentisnecessaryforreactionthattakesplaceinstep3

29. SubstancesAandBarerepresentedbytheformulaeROHandRCOOH

respectively.

Theybelongtotwodifferenthomologousseriesoforganiccompounds.Ifboth

AandB

reactwithpotassium metal:

(a)Namethecommonproductproducedbyboth

(b)StatetheobservationmadewheneachofthesamplesAandBarereacted

withsodium

hydrogencarbonate

(i)A

(ii)B

30. Belowarestructuresofparticles.Useittoanswerquestionsthatfollow.Ineach

caseonly

electronsintheoutermostenergylevelareshown

key

P=Proton

N=Neutron

X=Electron W
U V

19P

ZY
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(a)Identifytheparticlewhichisananion

31. Plasticsandrubberareextensivelyusedtocoverelectricalwires.

(a)Whatterm isusedtodescribeplasticandrubbersusedinthisway?

(b)Explainwhyplasticsandrubbersareusedthisway
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32. TheschemebelowrepresentsthemanufactureofacleaningagentX

(a)DrawthestructureofXandstatethetypeofcleaningagenttowhichX

belong

(b)StateonedisadvantageofusingXasacleaningagent

33. Ygramsofaradioactiveisotopetake120daystodecayto3.5grams.Thehalf-life

period

oftheisotopeis20days

(a)Findtheinitialmassoftheisotope

(b)Giveoneapplicationofradioactivityinagriculture

34. Thestructurebelowrepresentsapolymer.Studyandanswerthequestionsthat

follow:-

(i)Namethepolymerabove..................................................................................

(ii)Determinethevalueofnifgiantmoleculehadrelativemolecularmassof

R Conc. R

SO3H

Cleaning

agentX

H H

-C–C- n
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4956

35. RCOO-Na+andRCH2OSO3
-Na+aretwotypesofcleansingagents;

i)Nametheclassofcleansingagentstowhicheachbelongs

ii)Whichoneoftheseagentsin(i)abovewouldbemoresuitablewhenwashing

withwater

from theIndianocean.Explain

iii)Bothsulphur(IV)oxideandchlorineareusedbleachingagents.Explainthe

difference

intheirbleachingproperties

36. Theformulagivenbelowrepresentsaportionofapolymer

(a)Givethenameofthepolymer

(b)Drawthestructureofthemonomerusedtomanufacturethepolymer

H H H H

C C C C

O H O H

n
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A.NITROGEN

a)Occurrence:

Nitrogenisfoundintheatmosphereoccupyingabout78%byvolumeofair.
Proteins,aminoacids,polypeptidesinlivingthingscontainnitrogen.

b)Isolationofnitrogenfrom theair.

Nitrogencanbeisolatedfrom othergasespresentinairlikeoxygen,water(vapour),
carbon(IV)oxideandnoblegasesasintheschoollaboratoryasintheflowchart
below:

jgthungu@gmail.com

Waterisaddedslowlyintoan“emptyflask”whichforcestheairoutintoanotherflask
containingconcentratedsulphuric(VI)acid.Concentratedsulphuric(VI)acidis
hygroscopic.Itthereforeabsorb/removewaterpresentintheairsample.

Morewaterforcestheairintotheflaskcontainingeitherconcentratedsodium
hydroxideorpotassium hydroxidesolution.ThesealkalisreactwithcarbonIV)oxideto
form thecarbonatesandthusabsorbs/removecarbonIV)oxidepresentintheair
sample.
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Chemicalequation2NaOH(aq) +CO2(g) -> Na2CO3(aq) + H2O(l)
Chemicalequation2KOH(aq) +CO2(g) -> K2CO3(aq)+ H2O(l)

Morewaterforcestheairthroughaglasstubepackedwithcopperturnings.Heated
browncopperturningsreactwithoxygentoform blackcopper(II)oxide.

Chemicalequation 2Cu(s) + O2(g)-> CuO(s)
(brown) (black)

Theremaininggasmixtureiscollectedbyupwarddelivery/downwarddisplacementof
water/overwater.Itcontainsabout99%nitrogenand1%noblegases.

Onalargescaleforindustrialpurposes,nitrogenisgotfrom fractionaldistillationofair.

c)Nitrogenfrom fractionaldistillationofair.

Forcommercialpurposesnitrogenisgotfrom thefractionalofair.
Airisfirstpassedthroughadustprecipitator/filtertoremovedustparticles.

Theairisthenbubbledthrougheitherconcentratedsodium hydroxideorpotassium
hydroxidesolutiontoremove/absorbCarbon(IV)oxidegas.

Chemicalequation 2NaOH(aq)+CO2(g)-> Na2CO3(aq) +H2O(l)
Chemicalequation 2KOH(aq)+CO2(g) -> K2CO3(aq)+H2O(l)

Airmixtureisthecooledto-25oC.Atthistemperature,water(vapour)liquidifiesand
thensolidifytoiceandthusremoved.

Theairisfurthercooledto-200oCduringwhichitformsablueliquid.

Theliquidisthenheated.Nitrogenwithaboilingpointof-196oCdistilsfirstthenArgon
at-186oCandthenfinallyOxygenat-183oCboilslast.
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c)SchoollaboratorypreparationofNitrogen.

Thediagram belowshowsthesetupoftheschoollaboratorypreparationofnitrogen

gas.

d.PropertiesofNitrogengas(Questions)
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1.Writetheequationforthereactionfortheschoollaboratorypreparationofnitrogen
gas.

Chemicalequation NH4Cl(s)+NaNO2(s)->NaCl(g)+NH4NO2(s)
Chemicalequation NH4NO2(s) -> N2(g) + H2O(l)

2.Statethreephysicalpropertiesofnitrogengas.
-colourless,odourless,lessdensethanair,neutralandslightlysolublein

water

3.Stateandexplaintheobservationmadewhenaburningmagnesium ribbonis
loweredinagasjarcontainingnitrogengas.

Observation;Itcontinuesburningwithablightblindeningflameformingwhite
ash.

ExplanationMagnesium burnstoproduceenoughheat/energytoreactswith
nitrogentoform whitemagnesium nitride.

Chemicalequation3Mg(s) + N2(g) -> Mg3N2(s)
(whiteash/solid)

4.Statetwomainusesofnitrogengas
-manufactureofammoniafrom Haberprocess

-AsarefrigerantinstorageofsemenforArtificialinsemination.

jgthungu@gmail.com

B.OXIDESOFNITROGEN
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Nitrogenformsthreemainoxides:
i)Nitrogen(I)oxide(N2O)
ii)Nitrogen(II)oxide(NO)
iii)Nitrogen(IV)oxide(NO2)

i)Nitrogen(I)oxide(N2O)

a)Occurrence
Nitrogen(I)oxidedoesnotoccurnaturallybutpreparedinalaboratory.

b)Preparation
ThesetupbelowshowsthesetupofapparatusthatcanbeusedtoprepareNitrogen
(I)oxideinaschoollaboratory.

jgthungu@gmail.com

c)Propertiesofnitrogen(I)oxide(Questions)

1.WritetheequationforthereactionfortheschoollaboratorypreparationofNitrogen
(I)oxide.

Chemicalequation NH4NO2(s)-> H2O(l) +N2O(g)

2.a)Stateandexplainthreeerrorsmadeintheabovesetup
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-OxygenisbeinggeneratedinsteadofNitrogen(I)oxide.
Ammonium Nitrate(V)shouldbeusedinsteadofpotassium manganate(VI)and

manganese(IV)oxide.
b)StatethreephysicalpropertiesofNitrogen(I)oxide.

-slightlysolubleinwater.
-colourless
-odourless
-lessdensethanair
-slightlysweetsmell

3.Stateandexplaintheobservationmadewhenaburningmagnesium ribbonis
loweredinagasjarcontainingNitrogen(I)oxide.
Observation-Continuestoburnwithabrightflame

-Whitesolid/residueisformed
Explanation-Magnesium burnsinairtoproduceenoughheat/energysplit/break
Nitrogen(I)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygen
toform whitesolid/ashofMagnesium oxide.
Chemicalequation

Mg(s) +N2O(g)->MgO(s) +N2(g)

4.Stateandexplaintheobservationmadewhenthefollowingnonmetalsareburnt
thenloweredinagasjarcontainingNitrogen(I)oxide.

a)Carbon/charcoal
Observation-Continuestoburnwithanorangeglow

-colorlessgasisformedthatformswhiteprecipitatewithlimewater.
Explanation-Carbon/charcoalburnsinairtoproduceenoughheat/energysplit/break
Nitrogen(I)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygen
toform carbon(IV)oxidegas.Carbon(IV)oxidegasreactstoform awhiteprecipitate
withlimewater.
Chemicalequation C(s) +2N2O(g)-> CO2(g) +2N2(g)

b)sulphurpowder

Observation-Continuestoburnwithablueflame
-colorlessgasisformedthatturnorangeacidifiedpotassium dichromate

(VI)togreen.
Explanation-Sulphurburnsinairtoproduceenoughheat/energysplit/break Nitrogen
(I)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygentoform
sulphur(IV)oxidegas.Sulphur(IV)oxidegasturnsorangeacidifiedpotassium
dichromate(VI)togreen.
ChemicalequationS(s) +2N2O(g)-> SO2(g) +2N2(g)
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5.Statetwousesofnitrogen(I)oxide
-Aslaughinggasbecauseasanesthesiathepatientregainconsciousness

laughinghystericallyaftersurgery.
-improvesengineefficiency.

6.Statethreedifferencesbetweennitrogen(I)oxideandoxygen
-Oxygenisodourlesswhilenitrogen(I)oxidehasfaintsweetsmell
-Bothrelight/rekindleaglowingwoodensplintbutOxygencanrelightafeeble
glowingsplintwhilenitrogen(I)oxiderelightswelllitsplint.
-Bothareslightlysolubleinwaterbutnitrogen(I)oxideismoresoluble.

ii)Nitrogen(II)oxide(NO)

a)Occurrence
Nitrogen(II)oxidedoesnotoccurnaturallybutpreparedinalaboratory.

b)Preparation

ThesetupbelowshowsthesetupofapparatusthatcanbeusedtoprepareNitrogen
(II)oxideinaschoollaboratory.

c)Propertiesofnitrogen(II)oxide(Questions)

1.Writetheequationforthereactionfortheschoollaboratorypreparationof
Nitrogen(II)oxide.
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Chemicalequation3Cu(s)+8HNO3(aq)->4H2O(l)+2NO(g)+2Cu(NO3)2(aq)
Chemicalequation3Zn(s)+8HNO3(aq)->4H2O(l)+2NO(g)+2Zn(NO3)2(aq)
Chemicalequation3Mg(s)+8HNO3(aq)->4H2O(l)+2NO(g)+2Mg(NO3)2(aq)

2.StatethreephysicalpropertiesofNitrogen(II)oxide.
-insolubleinwater.
-colourless
-odourless
-denserdensethanair
-hasnoeffectonbothblueandredlitmuspapers

2.Stateandexplaintheobservationmadewhenaburningmagnesium ribbonis
loweredinagasjarcontainingNitrogen(II)oxide.

Observation-Continuestoburnwithabrightflame
-Whitesolid/residueisformed

Explanation-Magnesium burnsinairtoproduceenoughheat/energysplit/break
Nitrogen(II)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygen
toform whitesolid/ashofMagnesium oxide.
Chemicalequation2Mg(s) +2NO(g)->2MgO(s) +N2(g)

3.Stateandexplaintheobservationmadewhenthefollowingnonmetalsareburnt
thenloweredinagasjarcontainingNitrogen(II)oxide.

a)Carbon/charcoal
Observation-Continuestoburnwithanorangeglow

-colorlessgasisformedthatformswhiteprecipitatewithlimewater.
Explanation-Carbon/charcoalburnsinairtoproduceenoughheat/energysplit/break
Nitrogen(II)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygen
toform carbon(IV)oxidegas.Carbon(IV)oxidegasreactstoform awhiteprecipitate
withlimewater.
Chemicalequation C(s) +2NO(g)-> CO2(g) +N2(g)

b)sulphurpowder

Observation-Continuestoburnwithablueflame
-colorlessgasisformedthatturnorangeacidifiedpotassium dichromate

(VI)togreen.
Explanation-Sulphurburnsinairtoproduceenoughheat/energysplit/break Nitrogen
(II)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygentoform
sulphur(IV)oxidegas.Sulphur(IV)oxidegasturnsorangeacidifiedpotassium
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dichromate(VI)togreen.
Chemicalequation S(s) +N2O(g)->SO2(g) +N2(g)

c)Phosphorus
Observation-Continuestoproducedensewhitefumes
Explanation-Phosphorusburnsinairtoproduceenoughheat/energysplit/break
Nitrogen(II)oxidegasintofreeNitrogenandoxygenthencontinuestoburninoxygen
toform densewhitefumesofphosphorus(V)oxidegas.
Chemicalequation 4P(s)+10NO(g)-> 2P2O5(g) +5N2(g)

5.Stateoneuseofnitrogen(II)oxide
AsanintermediategasintheOstwaldsprocessformanufactureofnitric(V)gas.

6.Stateandexplaintheobservationmadewhennitrogen(II)oxideisexposedtothe
atmosphere.
Observation–brownfumesproduced/evolvedthatturnbluelitmuspaperred.
Explanation-Nitrogen(II)oxidegasonexposuretoairisquicklyoxidizedbytheair/
oxygentobrownnitrogen(IV)oxidegas.Nitrogen(IV)oxidegasisanacidicgas.
Chemicalequation2NO(g)+ O2(g)-> 2NO2(g)

(colorless) (brown)

ii)Nitrogen(IV)oxide(NO2)

a)Occurrence
Nitrogen(IV)oxideoccurs-naturallyfrom activevolcanicareas.

-formedfrom incompletecombustionoftheinternal
combustionengineofmotorvehicleexhaustfumes.

-from lightening

b)Preparation
ThesetupbelowshowsthesetupofapparatusthatcanbeusedtoprepareNitrogen
(IV)oxideinaschoollaboratory.
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c)Propertiesofnitrogen(IV)oxide(Questions)

1.WritetheequationforthereactionfortheschoollaboratorypreparationofNitrogen
(II)oxide.
ChemicalequationCu(s)+4HNO3(aq)->2H2O(l)+2NO2(g)+Cu(NO3)2(aq)
ChemicalequationZn(s)+4HNO3(aq)->2H2O(l)+2NO2(g)+Zn(NO3)2(aq)
ChemicalequationFe(s)+4HNO3(aq)->2H2O(l)+2NO2(g)+Fe(NO3)2(aq)

2.StatethreephysicalpropertiesofNitrogen(IV)oxide.
-soluble/dissolvesinwater.
-brownincolour
-haspungentirritatingpoisonousodour/smell
-denserdensethanair
-turnsbluelitmuspaperstored

3.StateandexplaintheobservationmadewhenNitrogen(IV)oxidegasisbubbledin
water.
Observation–Thegasdissolvesandthusbrowncolourofthegasfades

-Acolourlesssolutionisformed
-solutionformedturnsbluelitmuspaperstored
-solutionformedhasnoeffectonred

Explanation-Magnesium burnsinairtoproduceenoughheat/energysplit/break
Nitrogen(IV)oxidegasdissolvesthenreactwithwatertoform anacidicmixtureof
nitric(V)acidandnitric(III)acid.

ChemicalequationH2O(l)+2NO2(g)->HNO3(aq) +HNO2(aq)
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(nitric(V)acid) (nitric(III)acid)

4.StateandexplaintheobservationmadewhenatesttubecontainingNitrogen(IV)
oxideiscooledthenheatedgentlythenstrongly.

Observationoncooling
-Browncolourfades
-Yellowliquidformed

Observationongentleheating
-Browncolourreappears
-Yellowliquidformedchangestobrownfumes/gas

Observationongentleheating
-Browncolourfades
-brownfumes/gaschangestoacolourlessgas

Explanation-Brownnitrogen(IV)oxidegaseasilyliquefiestoyellowdinitrogen
tetraoxideliquid.Whentheyellowdinitrogentetraoxideliquidisgentlyheatedit
changesbacktothebrownnitrogen(IV)oxidegas.Whenthebrownnitrogen(IV)oxide
gasisstronglyheateditdecomposestocolourlessmixtureofNitrogen(II)oxidegas
andOxygen.

ChemicalequationO2(s)+2NO(g)=====2NO2(g)=====N2O4(l)
(colourlessgases) (browngas) (yellowliquid)

5.Stateandexplaintheobservationmadewhenaburningmagnesium ribbonis
loweredinagasjarcontainingNitrogen(IV)oxide.
Observation-Continuestoburnwithabrightflame

-Whitesolid/residueisformed
-Brownfumes/colourfades

Explanation-Magnesium burnsinairtoproduceenoughheat/energysplit/break
brownNitrogen(IV)oxidegasintofreecolourlessNitrogenandoxygenthencontinues
toburninoxygentoform whitesolid/ashofMagnesium oxide.

Chemicalequation 4Mg(s) +2NO2(g)-> 4MgO(s) +N2(g)

4.Stateandexplaintheobservationmadewhenthefollowingnonmetalsareburnt
thenloweredinagasjarcontainingNitrogen(IV)oxide.

a)Carbon/charcoal
Observation-Continuestoburnwithanorangeglow

-Brownfumes/colourfades
-colorlessgasisformedthatformswhiteprecipitatewithlimewater.

Explanation-Carbon/charcoalburnsinairtoproduceenoughheat/energysplit/break
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brownNitrogen(IV)oxidegasintofreecolourlessNitrogenandoxygenthencontinues
toburninoxygentoform carbon(IV)oxidegas.Carbon(IV)oxidegasreactstoform a
whiteprecipitatewithlimewater.

Chemicalequation2C(s) +2NO2(g)-> 2CO2(g) +N2(g)

b)sulphurpowder
Observation-Continuestoburnwithablueflame

-Brownfumes/colourfades
-colorlessgasisformedthatturnorangeacidifiedpotassium dichromate

(VI)togreen.
Explanation-Sulphurburnsinairtoproduceenoughheat/energysplit/break brown
Nitrogen(IV)oxidegasintofreecolourlessNitrogenandoxygenthencontinuesto
burninoxygentoform sulphur(IV)oxidegas.Sulphur(IV)oxidegasturnsorange
acidifiedpotassium dichromate(VI)togreen.

Chemicalequation2S(s) +2NO2(g)-> 2SO2(g) +N2(g)

c)Phosphorus
Observation-Continuestoproducedensewhitefumes

-Brownfumes/colourfades
Explanation-Phosphorusburnsinairtoproduceenoughheat/energysplit/break
brownNitrogen(IV)oxidegasintofreecolourlessNitrogenandoxygenthencontinues
toburninoxygentoform densewhitefumesofphosphorus(V)oxidegas.
Chemicalequation 8P(s)+10NO2(g)-> 4P2O5(g) +5N2(g)

5.Statetwousesofnitrogen(IV)oxide
-IntheOstwaldprocessforindustrialmanufactureofnitric(V)gas.
-InthemanufactureofT.N.Texplosives

6.Stateandexplaintheobservationmadewhennitrogen(II)oxideisexposedtothe
atmosphere.
Observation–brownfumesproduced/evolvedthatturnbluelitmuspaperred.
Explanation-Nitrogen(II)oxidegasonexposuretoairisquicklyoxidizedbytheair/
oxygentobrownnitrogen(IV)oxidegas.Nitrogen(IV)oxidegasisanacidicgas.
Chemicalequation 2NO(g)+ O2(g)-> 2NO2(g)

(colourless) (brown)
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jgthungu@gmail.com

C.AMMONIA(NH3)

Ammoniaisacompoundofnitrogenandhydrogenonly.Itisthereforeahydrideof
nitrogen.
a)Occurrence
Ammoniagasoccurs-naturallyfrom urineofmammalsandexcretionofbirds

-formedinthekidneyofhumanbeings
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b)Preparation
Thesetupbelowshowsthesetupofapparatusthatcanbeusedtopreparedry
Ammoniagasinaschoollaboratory.
Setupmethod1

c)P
1.Writetheequationforthereactiontaking
placein:

a)Method1

Chemicalequation
Ca(OH)2(s)+NH4Cl(s)->CaCl2(aq)+H2O(l)
+2NH3(g)

b)Method2
Chemicalequation
NaOH(aq)+NH4Cl(aq)->NaCl(aq)+H2O(l) +NH3(g)
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2.Statethreephysicalpropertiesofammonia.
-hasapungentchokingsmellofurine
-Colourless
-Lessdensethanairhencecollectedbyupwarddelivery
-Turnsbluelitmuspaperbluethusistheonlynaturallyoccurringbasicgas (at

thislevel)

3.Calcium oxideisusedasthedryingagent.Explainwhycalcium chlorideand
concentratedsulphuric(VI)acidcannotbeusedtodrythegas.

-Calcium chloridereactswithammoniaformingthecomplexcompound

CaCl2.8H2O.

ChemicalequationCaCl2(s)+8NH3(g) ->CaCl2.8NH3(g)

-Concentratedsulphuric(VI)acidreactswithammoniaformingammonium

sulphate(VI)saltcompound

Chemicalequation2NH3(g)+H2SO4(l) ->(NH4)2SO4(aq)

4.Describethetestforthepresenceofammoniagas.
Usinglitmuspaper:

Dipmoist/damp/wetblueandredlitmuspapersinagasjarcontainingagas
suspectedtobeammonia.Thebluelitmuspaperremainblueandtheredlitmuspaper
turnsblue.Ammoniaistheonlybasicgas.(Atthislevel)

Usinghydrogenchloridegas
Dipaglassrodinconcentratedhydrochloricacid.Bringtheglassrodnearthe

mouthofagasjarsuspectedtobeammonia.Whitefumes(ofammonium

chloride)areproduced/evolved.

5.Describethefountainexperimenttoshowthesolubilityofammonia.

Ammoniaisverysolubleinwater.

Whenadropofwaterisintroducedintoflaskcontainingammonia,itdissolvesallthe

ammoniaintheflask.Ifwaterissubsequentlyallowedintotheflaskthroughasmall

inlet,atmosphericpressureforcesitveryfasttooccupythevacuum formingafountain.
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Ifthewatercontainsthree/fewdropsoflitmussolution,thelitmussolutionturnsblue

becauseammoniaisanalkaline/basicgas.Ifthewatercontainsthree/fewdropsof

phenolphthaleinindicator,theindicatorturnspinkbecauseammoniaisan

alkaline/basicgas.Sulphur(IV)oxideandhydrogenchloridegasarealsocapableofthe

fountainexperiment.Ifthewatercontainsthree/fewdropsofphenolphthalein

indicator,theindicatorturnscolourlessbecausebothSulphur(IV)oxideandhydrogen

chloridegasareacidicgases.

6.Stateandexplaintheobservationmadewhenhotplatinum /nichromewireisplaced

overconcentratedammoniasolutionwithOxygengasbubbledintothemixture.

Observations

Hotplatinum /nichromewirecontinuestoglowredhot.

Brownfumesofagasareproduced.

Explanation
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AmmoniareactswithOxygenonthesurfaceofthewire.Thisreactionisexothermic

producingalotofheat/energythatenablesplatinum wiretoglowredhot.Ammoniais

oxidizedtoNitrogen(II)oxidegasandwater.Hotplatinum /nichromewireactsas

catalysttospeedupthereaction.Nitrogen(II)oxidegasisfurtheroxidizedtobrown

Nitrogen(IV)oxidegasonexposuretoair.

Chemicalequation

(i)4NH3(g)+ 5O2(g)-Pt->4NO(g)+6H2O(l)

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

7.AmmoniagaswasignitedinairenrichedwithOxygengas.Stateandexplainthe

observationsmade

Observations

-Ammoniagasburnswithagreenflame

-Colourlessgasproduced

Explanation

AmmoniagasburnswithagreenflameinairenrichedwithOxygentofrom Nitrogen

gasandwater.

Chemicalequation

2NH3(g) + O2(g)->N2(g)+3H2O(l)

8.Dryammoniawaspassedthroughheatedcopper(II)Oxideasinthesetupbelow.
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(a)StatetheobservationsmadeintubeK

-Colourchangesfrom blacktobrown

-Colourlessliquiddropletform onthecoolerpartsoftubeK

(b)(i)IdentifyliquidL.

-Water/H2O(l)

(ii)ExplainachemicalandphysicaltestthatcanbeusedtoidentifyliquidL.

Chemicaltest

(i)Addthree/fewdropsofliquidLintoanhydrouscopper(II)sulphate(VI).

Colourchangesfrom whitetoblue.

Explanation-Waterchangeswhiteanhydrouscopper(II)sulphate(VI)toblue

hydratedcopper(II)sulphate(VI)

(ii)Addthree/fewdropsofliquidLintoanhydrouscobalt(II)Chloride.
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Colourchangesfrom bluetopink.

Explanation-Waterchangesblueanhydrouscobalt(II)Chloridetopink

hydratedcobalt(II)Chloride.

Physicaltest

(i)Heattheliquid.Itboilsat100oCatsealevel(1atmosphere

pressure/760mmHgpressure,101300Pa,101300Nm-2).

(ii)Cooltheliquid.Itfreezesat0.0oC.

(iii)Determinethedensity.Itis1.0gcm-3

(c)Writetheequationforthereactionthattakeplace.

2NH3(g) + 3CuO(s) ->N2(g)+3H2O(l)+3Cu(s)

(black) (brown)

2NH3(g) + 3PbO(s) ->N2(g)+3H2O(l)+3Pb(s)

(brownwhenhot) (grey)

8.(a)Whatisaqueousammonia

Aqueousammoniaisformedwhenammoniagasisdissolvedinwater.

NH3(g)+(aq) -> NH3(aq)

AlittleNH3(aq)reactswithammoniawatertoform ammoniasolution(NH4OH)

NH3(aq)+H2O(l) OH-(aq)+NH4
+(aq)
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Thismakesasolutionofaqueousammoniaisaweakbase/alkaliunlikeothertwo

alkalis.

9.Usingdotandcrosstorepresentouterelectronsshowthebondingin:

(a)NH3

(b)NH4
+
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(c)NH4Cl

10.Namefourusesofammonia

(i)Inthemanufactureofnitrogenousfertilizers.

(ii)Inthemanufactureofnitric(V)acidfrom Ostwaldsprocess.

(iii)Asarefrigerantinshipsandwarehouses.

(iv)Insofteninghardwater.

(v)Inthesolvayprocessforthemanufactureofsodium carbonate.

(vi)Intheremovalofgreaseandstains.

11.(a)CalculatethepercentageofNitrogeninthefollowingfertilizers:

(i)(NH4)2SO4

Molarmassof(NH4)2SO4=132g

MassofNin(NH4)2SO4=28g

% ofN=>28x100 =21.2121%
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132

(ii)(NH4)3PO4

Molarmassof(NH4)3PO4=149g

MassofNin(NH4)3PO4=42g

% ofN=>42x100 =28.1879%

149

(b)Statetwoadvantagesoffertilizera(i)overa(ii)above.

(i)Hashigher%ofNitrogen

(ii)Hasphosphoruswhichisnecessaryforplantgrowth.

(c)CalculatethemassofNitrogenina50kgbagof:

(i)(NH4)2SO4

%ofNin(NH4)2SO4=21.2121%

MassofNin50kg(NH4)2SO4=21.2121x50=10.6kg

100

(ii)NH4NO3

MolarmassofNH4NO3=80g

MassofNin(NH4)3PO4=28g

% ofN=>28x100 =35%

80



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 221

%ofNinNH4NO3=35%

MassofNin50kg(NH4)2SO4=35x50=17.5kg

100

NH4NO3thereforehasahighermassofNitrogenthan(NH4)2SO4

d).ManufactureofAmmonia/Haberprocess

MostoftheAmmoniaproducedforindustrialpurposesusestheHaberprocess

developedbytheGermanScientistFitzHaber.

(i)Rawmaterials

Therawmaterialsinclude:

(i)Nitrogenfrom Fractionaldistillationofairfrom theatmosphere.

(ii)Hydrogenfrom:

I.Watergas-passingsteam throughheatedcharcoal

C(s)+H2O(l)->CO(g)+H2(g)

II.Passingnaturalgas/methanethroughsteam.

CH4(g)+H2O(l)->CO(g)+3H2(g)

(ii)Chemicalprocess

HydrogenandNitrogenarepassedthroughapurifiertoremoveunwantedgaseslike

Carbon(IV)oxide,Oxygen,sulphur(IV)oxide,dust,smokewhichwouldpoisonthecatalyst.

HydrogenandNitrogenarethenmixedintheratioof3:1respectively.Themixtureis
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compressedto200-250atmosherepressuretoliquidify.Theliquidmixtureisthen

heatedto400-450oC.Thehotcompressedgasesarethenpassedoverfinelydivided

Ironcatalystpromoted/impregnatedwithAl2O3/K2O.Promotersincreasethe

efficiencyofthecatalyst.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 223

Optimum conditionsinHaberprocesss
Chemicalequation

N2(g)+ 3H2(g)===Fe/Pt===2NH3(g) ΔH=-92kJ

Equilibrium/Reactionrateconsiderations
(i)Removingammoniagasonceformedshifttheequilibrium forwardtotherightto

replacetheammonia.More/higheryieldofammoniaisattained.
(ii)Increaseinpressureshifttheequilibrium forwardtotherightwherethereisless

volume/molecules.More/higheryieldofammoniaisattained.Veryhighpressures
raisesthecostofproductionbecausetheyareexpensivetoproduceandmaintain.An
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optimum pressureofabout200atmospheresisnormallyused.

(iii)Increaseintemperatureshifttheequilibrium backwardtotheleftbecausethe
reactionisexothermic(ΔH=-92kJ).AmmoniaformeddecomposesbacktoNitrogen
andHydrogentoremoveexcessheatthereforealessyieldofammoniaisattained.
VerylowtemperaturedecreasethecollisionfrequencyofNitrogenandHydrogenand
thustherateofreactiontooslowanduneconomical.
Anoptimum temperatureofabout450oCisnormallyused.

(iv)Ironandplatinum canbeusedascatalyst.Platinum isabettercatalystbutmore

expensiveandeasilypoisonedbyimpuritiesthanIron.Ironispromoted/impregnated

withAluminiumOxide(Al2O3)toincreaseitssurfacearea/areaofcontactwithreactants

andthusefficiency.Thecatalystdoesnotincreasetheyieldofammoniabutitspeed

upitsrateofformation.

e)Nitric(V)acid(HNO3)

a)Introduction.

Nitric(V)acidisoneofthemineralacids.Therearethreemineralacids;Nitric(V)acid,

sulphuric(VI)acidandhydrochloricacid.Mineralacidsdonotoccurnaturallybutare

preparedinaschoollaboratoryandmanufacturedatindustriallevel.

b)Schoollaboratorypreparation

Nitric(V)acidispreparedinaschoollaboratoryfrom thereactionofConcentrated

sulphuric(VI)acidandpotassium nitrate(V)below.
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(c)PropertiesofConcentratedNitric(V)acid(Questions)

1.Writeanequationfortheschoollaboratorypreparationofnitric(V)acid.

KNO3(s)+H2SO4(l) ->KHSO4(s)+HNO3(l)

2.Sodium nitrate(V)canalsobeusedtopreparenitric(V)acid.Statetworeasonswhy

potassium nitrate(V)ispreferredoverSodium nitrate(V).

(i)Potassium nitrate(V)ismorevolatilethansodium nitrate(V)andthereforereadily

displacedfrom thelessvolatileconcentratedsulphuric(VI)acid

(ii)Sodium nitrate(V)ishygroscopicandthusabsorbwater.Concentrated

sulphuric(VI)aciddissolvesinwater.Thedissolutionisahighlyexothermicprocess.

3.Anallglassapparatus/retortisusedduringthepreparationofnitric(V)acid.Explain.

Hotconcentratednitric(V)acidvapourishighlycorrosiveandattacksrubbercork

apparatusifused.

4.Concentratednitric(V)acidiscolourless.Explainwhythepreparedsampleinthe

schoollaboratoryappearsyellow.

Hotconcentrated nitric(V)aciddecomposestobrownnitrogen(IV)oxideandOxygen

gases.

4HNO3(l/g) ->4NO2(g)+H2O(l)+O2(g)

Onceformedthebrownnitrogen(IV)oxidedissolvesintheacidformingayellow
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solution.

5.Stateandexplaintheobservationmadewhenconcentratednitric(V)acidisheated.

Observation

Brownfumesareproduced.

Colourlessgasthatrelights/rekindlesglowingsplint

Explanation

Hotconcentrated nitric(V)aciddecomposestowater,brownnitrogen(IV)oxideand

Oxygengases.Oxygengasisnotvisibleinthebrownfumesofnitrogen(IV)oxide.

4HNO3(g) ->4NO2(g)+H2O(l)+O2(g)

6.Explaintheobservationsmadewhen:

(a)About2cm3ofIron(II)sulphate(VI)solutionisaddedabout5dropsof

concentrated nitric(V)acidandthemixturethenheated/warmedinatesttube.

Observation

(i)Colourchangesfrom greentobrown.

(ii)brownfumes/gasproducedontheupperpartsofthetesttube.

Explanation

Concentrated nitric(V)acidisapowerful/strongoxidizingagent.Itoxidizes

greenFe2+ionsinFeSO4tobrown/yellowFe3+.Theacidisreducedtocolourless

Nitrogen(II)oxide.

Chemicalequation:

6FeSO4(aq)+3H2SO4(aq)+2HNO3(aq)->3Fe2(SO4)3(aq)+4H2O+2NO(g)
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ColourlessNitrogen(II)oxideisrapidlyfurtheroxidizedtobrownNitrogen(IV)oxideby

atmosphericoxygen.

Chemicalequation:

2NO(g) + O(g)-> 2NO2(g)

(colourless) (brown)

(b)Aspatulafullofsulphurpowderinaclaendrybeakerwasaddedto10cm3

concentratednitric(V)acidandthenheatedgently/warmed.

Observation

(i)Yellowcolourofsulphurfades.

(ii)brownfumes/gasproduced.

Explanation

Concentrated nitric(V)acidisapowerful/strongoxidizingagent.Itoxidizes

yellowsulphurtocolourlessconcentratedsulphuric(VI)acid.Theacidisreducedto

brownNitrogen(IV)oxidegas.

Chemicalequation:

S(s)+6HNO3(l) ->4NO2(g)+H2O(l)+H2SO4(l)

(c)Afew/about1.0gpiecesofcopperturnings/Zincgranules/Magnesium ribbonare

added10cm3ofconcentrated nitric(V)acidinabeaker.

Observation
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(i)brownfumes/gasproduced.

(ii)bluesolutionformedwithcopperturnings

(iii)colourlesssolutionformedwithZincgranules/Magnesium ribbon

Explanation

Concentrated nitric(V)acidisapowerful/strongoxidizingagent.Itoxidizes

metalstotheirmetalnitrate(VI)salts.TheacidisreducedtobrownNitrogen(IV)oxide

gas.

Chemicalequation:

Cu(s)+4HNO3(l) ->2NO2(g)+H2O(l)+ Cu(NO3)2(aq)

Zn(s)+4HNO3(l) ->2NO2(g)+H2O(l)+ Zn(NO3)2(aq)

Mg(s)+4HNO3(l) ->2NO2(g)+H2O(l)+ Mg(NO3)2(aq)

Pb(s)+4HNO3(l) ->2NO2(g)+ H2O(l)+ Pb(NO3)2(aq)

Ag(s)+2HNO3(l) ->NO2(g) + H2O(l)+ AgNO3(aq)

(d)PropertiesofDiluteNitric(V)acid(Questions)

(i)Whatisdilutenitric(v)acid

Whenconcentratednitric(v)acidisaddedtooverhalfportionofwater,itis

relativelysaidtobedilute.Adilutesolutionisonewhichhasmoresolvent/waterthan

solute/acid.Thenumberofmolesoftheacidarepresentinalargeamount/volumeof

thesolvent.Thismakesthemolarity/numberofmolespresentinonecubicdecimeter

ofthesolutiontobelowe.g.0.02M.
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Ifmorewaterisaddedtotheaciduntiltheacidistoodilutetobedilutedfurtherthen

aninfinitedilutesolutionifformed.

(ii))1cm lengthofpolishedMagnesium ribbonwasputisatesttubecontaining0.2M

dilutenitric(v)acid.Stateandexplaintheobservationmade.

Observation

-Effervescence/bubbling/fizzing

-Colourlessgasproducedthatextinguishburningsplintwithanexplosion/popsound

-Colourlesssolutionformed

-Magnesium ribbondissolves/decreaseinsize

Explanation

Dilutedilutenitric(v)acidreactswithMagnesium toform hydrogengas.

Mg(s)+2HNO3(aq) -> H2(g)+ Mg(NO3)2(aq)

Withotherreactiveheavymetals,thehydrogengasproducedisrapidlyoxidizedto

water.

Chemicalequation3Pb(s)+8HNO3(aq)->4H2O(l)+2NO(g)+2Pb(NO3)2(aq)

Chemicalequation3Zn(s)+8HNO3(aq)->4H2O(l)+2NO(g)+2Zn(NO3)2(aq)
Chemicalequation3Fe(s)+8HNO3(aq)->4H2O(l)+2NO(g)+2Fe(NO3)2(aq)

Hydrogengasthereforeisusuallynotpreparedinaschoollaboratoryusingdilutenitric
(v)acid.

(iii)Ahalfspatulafullofsodium hydrogencarbonateandCopper(II)carbonatewere
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separatelytoseparatetesttubescontaining10cm3of0.2M dilutenitric(V)acid.
Observation

-Effervescence/bubbling/fizzing

-Colourlessgasproducedthatformsawhiteprecipitatewithlimewater.

-Colourlesssolutionformedwithsodium hydrogencarbonate.

-BluesolutionformedwithCopper(II)carbonate.

Explanation

Dilutedilutenitric(v)acidreactswithCarbonatesandhydrogencarbonatestoform

Carbon(IV)oxide,waterandnitrate(V)salt

CuCO3(s)+2HNO3(aq) -> H2O(l)+ Cu(NO3)2(aq)+CO2(g)

ZnCO3(s)+2HNO3(aq) -> H2O(l)+ Zn(NO3)2(aq)+CO2(g)

CaCO3(s)+2HNO3(aq) -> H2O(l)+ Ca(NO3)2(aq)+CO2(g)

PbCO3(s)+2HNO3(aq) -> H2O(l)+ Pb(NO3)2(aq)+CO2(g)

FeCO3(s)+2HNO3(aq) -> H2O(l)+ Fe(NO3)2(aq)+CO2(g)

NaHCO3(s)+HNO3(aq) -> H2O(l)+ NaNO3(aq)+CO2(g)

KHCO3(s)+HNO3(aq) -> H2O(l)+ KNO3(aq)+CO2(g)

NH4HCO3(aq)+HNO3(aq) -> H2O(l)+ NH4NO3(aq)+CO2(g)

Ca(HCO3)2(aq)+2HNO3(aq) -> 2H2O(l)+ Ca(NO3)2(aq)+2CO2(g)

Mg(HCO3)2(aq)+2HNO3(aq) -> 2H2O(l)+ Mg(NO3)2(aq)+2CO2(g)



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 231

(iii)25.0cm3of0.1M Nitric(V)acidwastitratedwithexcess0.2M sodium hydroxide

solutionusingphenolphthaleinindicator.

I.Statethecolourchangeattheendpoint

Colourless

II.WhatwasthepHofthesolutionattheendpoint.Explain.

pH1/2/3

Alittleoftheacidwhenaddedtothebasechangesthecolourofthe

indicatortoshowtheendpoint.TheendpointthereforeisacidicwithlowpHof

Nitric(V)acid.Nitric(V)acidisastrongacidwithpH1/2/3.

III.Calculatethenumberofmolesofacidused.

Numberofmoles = molarityxvolume => 0.1x25 = 2.5x10-3moles

1000 1000

IV.Calculatethevolumeofsodium hydroxideused

Volumeofsodium hydroxideincm3

=1000xNumberofmoles=> 1000x2.5x10-3 = 12.5cm3

Molarity 0.2

(e)IndustriallargescalemanufactureofNitric(V)acid

(i)Rawmaterials

1.Air/Oxygen

Oxygenisgotfrom fractionaldistillationofair
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Ammoniafrom Haberprocess.

2.Chemicalprocesses

Airfrom theatmosphereispassesthroughelectrostaticprecipitators/filterstoremove

unwantedgaseslikeNitrogen,Carbon(IV)oxide,dust,smokewhichmaypoisonthe

catalyst.Theammonia-airmixtureiscompressedto9atmospherestoreducethe

distancebetweenreactinggases.

Themixtureispassedthroughtheheatexchangerswhereatemperatureof850oC-

900oCismaintained.

ThefirstreactiontakeplaceinthecatalyticchamberwhereAmmoniareactswiththe

airtoform Nitrogen(II)Oxideandwater.

Optimum conditioninOstwaldsprocess

Chemicalequation

4NH3(g)+5O2(g)===Pt/Rh===4NO(g)+6H2O(g)ΔH=-950kJ

Thereactionisreversibleandexistindynamicequilibrium wheretheproductsreform

backthereactants.Thefollowingfactorsareusedtoincreasetheyield/amountof

Notrogen(II)oxide:

(i)RemovingNitrogen(II)oxidegasonceformedshifttheequilibrium forwardtothe

righttoreplacetheNitrogen(II)oxide.

More/higheryieldofNitrogen(II)oxideisattainedasreactantstrytoreturnthe

equilibrium balance.

(ii)Increaseinpressureshifttheequilibrium backwardtotheleftwherethereisless

volume/molecules.

Less/loweryieldofNitrogen(II)oxideisattained.

VerylowpressuresincreasesthedistancebetweenreactingNH3andO2molecules.

Anoptimum pressureofabout9atmospheresisnormallyused.
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Coolingthemixturecondensesthewatervapourtoliquidwater

(iii)Increaseintemperatureshifttheequilibrium backwardtotheleftbecausethe

reactionisexothermic(ΔH=-950kJ).

Nitrogen(II)oxideandwatervapourformeddecomposesbacktoAmmoniaand

OxygentoremoveexcessheatthereforealessyieldofNitrogen(II)oxideisattained.

VerylowtemperaturedecreasethecollisionfrequencyofAmmoniaand

Oxygenandthustherateofreactiontooslowanduneconomical.

Anoptimum temperatureofabout900oCisnormallyused.

(iv)Platinum canbeusedascatalyst.

Platinum isveryexpensive.Itis:

-promotedwithRhodium toincreasethesurfacearea/areaofcontact.

-added/coatedonthesurfaceofasbestostoform platinized–asbestostoreducethe

amount/quantityused.

ThecatalystdoesnotincreasetheyieldofNitrogen(II)Oxidebutitspeedupitsrateof

formation.

Nitrogen(II)oxideformedispassedthroughanoxidationreactionchamberwheremore

airoxidizestheNitrogen(II)Oxide toNitrogen(IV)Oxidegas.

Chemicalequation

2NO(g) + O2(g) -> 2NO2(g)

Nitrogen(IV)Oxidegasispasseduptomeetadownwardflowofwaterinthe

absorptionchamber.Thegasreactwithwatertoform amixtureofNitric(V)and

Nitric(III)acids

Chemicalequation.

2NO2(g) + H2O(l) -> HNO2(aq)+HNO3(aq)
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ExcessairisbubbledthroughthemixturetooxidizeNitric(III)/HNO2(aq)to

Nitric(V)/HNO3(aq)

Chemicalequation.

O2(g) + 2HNO2(aq)-> 2HNO3(aq)

Overallchemicalequationintheabsorptionchamber.

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

Theacidis65%concentrated.Itismade100%concentratedbyeither:

(i)fractionaldistillationor

(ii)addedtoconcentratedsulphuric(VI)acidtoremovethe35%ofwater.
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Afactoryuses63.0kgof68%purenitric(V)acidperdaytoproduceanammonium

fertilizerforanagriculturalcounty.Ifthedensityoftheacidis1.42gcm-3,calculate:

(i)theconcentrationoftheacidusedinmolesperlitre.

MolarmassHNO3 =63

Method1

MolesofHNO3in1cm3=Massin1cm31.42 => 1.42 =0.0225moles

MolarmassHNO3 63

Molarity=Molesx1000=>0.0225molesx10000=22.5molesdm-3/M

1cm3

100% = 22.5molesdm-3/M

68% = 68x22.5 =15.3M/molesdm-3

100

Method2

MolesofHNO3in1000cm3=Massin1000cm3=>1.42x1000

MolarmassHNO3 63

=22.5397molesdm-3/M

100% = 22.5397molesdm-3/M

68% = 68x22.5397 =15.327molesdm-3

100
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(ii)thevolumeofammoniagasatr.t.pused.(H=1.0,N=14.0,O=16.0,onemoleofgas=

24dm-3atr.t.p)

Chemicalequation

HNO3(aq) +NH3(g) -> NH4NO3(aq)

MoleratioHNO3(aq):NH3(g)=1:1

1moleHNO3(aq)->24dm3NH3(g)

15.327moleHNO3(aq)->15.327molex24dm3=367.848dm3

1dm3

(iii)thenumberofcropswhichcanbeappliedthefertilizerifeachcroprequire4.0g.

HNO3(aq) +NH3(g) -> NH4NO3(aq)

MolarmassNH4NO3=80g

MoleratioHNO3 :NH4NO3 =1:1

MassofHNO3in63.0kg=68%x63=42.84kg

1moleHNO3(aq)=63g ->80gNH4NO3

(42.84x1000)gHNO3(aq)->(42.84x1000)gx80

63

=54400g

Massoffertilizer= 54400g =13600crops

Masspercrop 4.0
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E.NITRATE(V)NO3
-andNITRATE(III)NO2

-Salts

Nitrate(V)/NO3
-andNitrate(III)/NO2

-aresaltsderivedfrom Nitric(V)/HNO3and

Nitric(III)/HNO2acids.BothHNO3andHNO2aremonobasicacidswithonlyone

ionizablehydrogeninamolecule.

OnlyKNO2,NaNO2 andNH4NO2exist.Allmetallicnitrate(V)saltsexist.

AllNitrate(V)/NO3
-andNitrate(III)/NO2

-aresoluble/dissolveinwater.

(a)EffectofheatonNitrate(V)/NO3
-andNitrate(III)/NO2

-salts(Testforpresenceof

Nitrate(V)/NO3
-ionsinsolidstate)

1.AllNitrate(III)/NO2
-saltsarenotaffectedbygentleorstrongheatingexcept

ammonium nitrate(III)NH4NO2.

Ammonium nitrate(III)NH4NO2isacolourlesssolidthatdecomposetoform Nitrogen

gasandwater.

Chemicalequation

NH4NO2(s)-> H2O(l) +N2(g)

ThisreactionisusedtopreparesmallamountsofNitrogeninaschoollaboratory.

2.AllNitrate(V)/NO3
-saltsdecomposeonstrongheating:

Experiment

Put½spatulafullofsodium nitrate(V)intoaatesttube.Placemoistblue/redlitmus

papersonthemouthofthetesttube.Heatstronglywhentesttubeisslanted.
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Testthegasesproducedusingglowingsplint

Caution(i)Wearsafetygasmaskandhandgloves

(ii)Lead(II)nitrate(V)decomposestoLead(II)oxidethatreactandfuseswiththe

testtubepermanently.

Repeatwithpotassium nitrate(V),copper(II)nitrate(V),Lead(II)nitrate(V),silver

nitrate(V),Zincnitrate(V),Magnesium nitrate(V)andAmmonium nitrate(V).

Observations

Crackingsound

Brownfumes/gasproducedexceptinpotassium nitrate(V)andSodium nitrate(V)

Glowingsplintrelights/rekindlesbutfeeblyinAmmonium nitrate(V).

Blacksolidresiduewithcopper(II)nitrate(V)

Whiteresidue/solidwithsodium nitrate(V),potassium nitrate(V),silvernitrate(V),

Magnesium nitrate(V)

Yellowresidue/solidwhenhotbutwhiteoncoolingwithZincnitrate(V)

Brownresidue/solidwhenhotbutyellowoncoolingwithLead(II)nitrate(V)

Explanation

1.Potassium nitrate(V)andSodium nitrate(V)decomposesonstrongheatingtoform

potassium nitrate(III)andSodium nitrate(III)producingOxygengas.Oxygengas

relights/rekindlesaglowingsplint.

Chemicalequation.

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

2NaNO3(s)-> 2NaNO2(s)+ O2(g)
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2.Heavymetalnitrate(V)saltsdecomposestoform theoxide,brownnitrogen(IV)oxide

andOxygengas.

Copper(II)oxideisblack.Zincoxideisyellowwhenhotandwhitewhencool/cold.

Lead(II)oxideisyellowwhencold/coolandbrownwhenhot/heated.

Hydratedcopper(II)nitrateisblue.Onheatingitmeltsanddissolvesinitswaterof

crystallizationtoform agreensolution.Whenallthewaterofcrystallizationhas

evaporated,thenitrate(V)saltdecomposestoblackCopper(II)oxideandamixtureof

brownnitrogen(IV)oxidegasandcolourlessOxygengas.

Chemicalequation

2Cu(NO3)2(s) -> 2CuO(s) + 4NO2(g) + O2(s)

2Ca(NO3)2(s) -> 2CaO(s) + 4NO2(g) + O2(s)

2Zn(NO3)2(s) -> 2ZnO(s) + 4NO2(g) + O2(s)

2Mg(NO3)2(s) -> 2MgO(s) + 4NO2(g) + O2(s)

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

2Fe(NO3)2(s) -> 2FeO(s) + 4NO2(g) + O2(s)

Silvernitrate(V)andMercury(II)nitratedecomposestothecorrespondingmetalanda

mixtureofbrownnitrogen(IV)oxidegasandcolourlessOxygengas.

Chemicalequation

2AgNO3(s) -> 2Ag(s) + 2NO2(g) + O2(s)

Hg(NO3)2(s) -> Hg(l) + 2NO2(g) + O2(s)

Theproduction/evolutionofbrownfumesofNitrogen(IV)oxidegasonheatinga

saltisaconfirmatorytestforpresenceofNO3
-ionsofheavymetals

(b)Brownringtest(TestforpresenceofNitrate(V)/NO3
-ionsinaqueous/solution

state)
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Experiment

Place5cm3ofPotassium nitrate(V)solutionontoacleantesttube.Add8dropsof

freshlypreparedIron(II)sulphate(VI)solution.Swirl/shake.

Usingatesttubeholdertofirmlyslantandholdthetesttube,carefullyadd5cm3of

Concentratedsulphuric(VI)aciddownalongthesideoftesttube.Donotshakethetest

tubecontents.

Caution:Concentratedsulphuric(VI)acidishighlycorrosive.

Observation.

BothPotassium nitrate(V)andfreshlypreparedIron(II)sulphate(VI)donotform layers

OnaddingConcentratedSulphuric(VI)acid,twolayersareformed.

Abrownringisformedbetweenthelayers.

Explanation

Allnitrate(V)saltsaresoluble.Theyform amisciblemixturewhenaddedfreshly

preparedIron(II)sulphate(VI)solution.Concentratedsulphuric(VI)acidisdenserthan

themisciblemixturethussettleatthebottom.

Atthejunctionofthelayers,theacidreactswithnitrate(V)saltstoform

Nitric(V)acid/HNO3.Nitric(V)acid/HNO3is reducedtoNitrogen(II)oxidebythe
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Iron(II)sulphate(VI)salttoform thecomplexcompoundNitroso-

iron(II)sulphate(VI)/FeSO4.NO.Nitroso-iron(II)sulphate(VI)isbrownincolour.Itformsa

thinlayeratthejunctionbetweenconcentratedsulphuric(VI)acidandthemiscible

mixtureoffreshlypreparedIron(II)sulphate(VI)andthenitrate(V)saltsasabrownring.

Chemicalequation

FeSO4(aq) + NO(g) -> FeSO4.NO(aq)

(Nitroso-iron(II)sulphate(VI)complex)

Thebrownringdisappearifshakenbecauseconcentratedsulphuric(VI)acidmixes

withtheaqueoussolutiongeneratingalotofheatwhichdecomposesNitroso-

iron(II)sulphate(VI)/FeSO4.NOtoiron(II)sulphate(VI)andNitrogen(II)oxide.

Chemicalequation

FeSO4.NO(aq) ->FeSO4(aq) + NO(g) ->

Iron(II)sulphate(VI)solutioniseasily/readilyoxidizedtoiron(III)sulphate(VI)on

exposuretoair/oxygen.ThebrownringtestthusrequirefreshlypreparedIron(II)

sulphate(VI)solution

(c)Devardasalloytest(TestforpresenceofNitrate(V)/NO3
-ionsinaqueous/solution

state)

Experiment

Place5cm3ofPotassium nitrate(V)solutionontoacleantesttube.Add5dropsof

sodium hydroxidesolution.Swirl/shake.Addapieceofaluminium foiltothe

mixture.Heat.Testanygasesproducedusingbothblueandredlitmuspapers.

Observation. Inference
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Effervescence/bubbles/fizzing

colourlessgasthathasapungentsmellofurine NO3
-

Bluelimuspaperremainblue

Redlitmuspaperturnred.

Explanation

TheDevardasalloytestforNO3
-ionsinsolutionwasdevelopedbytheItalianscientist

ArtuloDevarda(1859-1944)

WhenaNO3
-saltisaddedsodium hydroxideandaluminium foil,effervescenceof

ammoniagasisaconfirmatorytestforNO3
-ions.

G.ENVIRONMENTALEFFECTSOFNITROGENOUSCOMPOUNDS
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A.SULPHUR(S)

SulphurisanelementinGroupVIGroup16)ofthePeriodictable.Ithasatomicnumber
16andelectronicconfiguration16andvalency2/divalentandthusformstheionS2-

A.Occurrence.

Sulphurmainlyoccurs:
(i)asfreeelementinTexasandLouisianainUSAandSicilyinItaly.
(ii)Hydrogensulphidegasinactivevolcanicarease.g.Olkarianear Naivasha

inKenya
(iii)ascopperpyrites(CuFeS2),Galena(PbS,Zincblende(ZnS))andiron
pyrites(FeS2)inotherpartsoftheworld.

B.ExtractionofSulphurfrom Fraschsprocess

Suphuroccursabout200metresunderground.Thesoilstructureintheseareasis
usuallyweakandcaneasilycavein.

Diggingoftunnelsisthusdiscouragedintryingtoextractthemineral.
Sulphurisextractedbydrillingthreeconcentric/roundpipesofdiameterofratios2:8:
18centimeters.

Superheatedwaterat170oCand10atmospherepressureisforcedthroughthe
outermostpipe.

Thehighpressuresensurethewaterremainsasliquidathightemperaturesinsteadof
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vapourofvapour/gas.

Thesuperheatedwatermeltsthesulphurbecausethemeltingpointofsulphuris
lowerataboutatabout115oC.

Acompressedairat15atmospheresisforced/pumpedthroughtheinnermostpipe.

Thehotairforcesthemoltensulphurupthemiddlepipewhereitiscollectedand
solidifiesinalargetank.

Itisabout99%pure.

Diagram showingextractionofSulphurfrom FraschsProcess

C.AllotropesofSulphur.
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1.Sulphurexistastwocrystallineallotropicforms:
(i)Rhombicsulphur
(ii)Monoclinicsulphur

Rhombicsulphur Monoclinicsulphur
Brightyellowcrystallinesolid
Hasameltingpointof113oC
Hasadensityof2.06gcm-3

Stablebelow96oC
Hasoctahedralstructure

Paleyellowcrystallinesolid
Hasameltingpointof119oC
Hasadensityof1.96gcm-3

Stableabove96oC
Hasaneedle-likestructure

RhombicsulphurandMonoclinicsulphurhaveatransitiontemperatureof96oC.Thisis
thetemperatureatwhichoneallotropechangestotheother.
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2.Sulphurexistsinnon-crystallineformsas:
(i)Plasticsulphur-

Plasticsulphurispreparedfrom heatingpowderedsulphurtoboilthen
pouringathincontinuousstream inabeakerwithcoldwater.Alongthinelasticyellow
threadofplasticsulphurisformed.Ifleftforlongitturntobrightyellowcrystalline
rhombicsulphur.

(ii)Colloidalsulphur-
Colloidalsulphurisformedwhensodium thiosulphate(Na2S2O3)isadded

hydrochloricacidtoform ayellowprecipitate.

D.HeatingSulphur.
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Amoleculeofsulphurexistsaspuckeredringofeightatomsjoinedbycovalent
bondsasS8.

Onheatingtheyellowsulphurpowdermeltsat113oCtoclearamberliquidwithlow
viscosityandthusflowseasily.
Onfurtherheatingto160oCthemoltenliquiddarkenstoabrownveryviscousliquid
thatdoesnotfloweasily.
ThisisbecausetheS8ringsbreakintoS8chainthatjointogethertoform verylong

chainsmadeofover100000atomsofSulphur.
Thelongchainsentangleeachotherreducingtheirmobility/flowandhenceincreases

theirviscosity.

Oncontinuedfurtherheatingtoabove160oC,theviscousliquiddarkensbutbecomes
moremobile/flowseasilyandthuslessviscous.

Thisisbecausethelongchainsbreaktosmaller/shorterchains.
At444oC,theliquidboilsandformsbrownvapourofamixtureofS8,S6,S2molecules
thatsolidifiestoS8ringof“flowersofsulphur”onthecoolerparts.

Summaryofchangesonheatingsulphur

Observationonheating Explanation/structureofSulphur
Solidsulphur

Heatto113oC
Amberyellowliquid

Heatto160oC

PuckeredS8ring

PuckeredS8ringinliquidform (low
viscosity/floweasily)

PuckeredS8ringbreak/opensthen
jointoform longchainsthat
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Liquiddarkens

Heatto444oC
Liquidboilstobrown

vapour

Cooltoroom temperature
Yellowsublimate
(FlowersofSulphur)

entangle(veryhighviscosity/very
lowrateofflow)

MixtureofS8,S6,S2vapour

PuckeredS8ring

E.PhysicalandChemicalpropertiesofSulphur.(Questions)

1.StatethreephysicalpropertiesuniquetoSulphur
Sulphurisayellowsolid,insolubleinwater,solubleincarbon
disulphide/tetrachloromethane/benzene,poorconductorofheatandelectricity.Ithas
ameltingpointof115oCandaboilingpointof444oC.

2.Moist/damp/wetblueandredlitmuspaperswereputinagasjarcontaining
air/oxygen.Burningsulphurwasthenloweredintothegasjar.Stateandexplainthe
observationmade.

Observations
-Sulphurmeltsthenburnswithablueflame
Colourlessgasproducedthathasapungentsmell
Redlitmuspaperremainsred.Bluelitmuspaperturnsred.

Explanation
SulphurburnsinairandfasterinOxygentoform Sulphur(IV)Oxidegasand

traces/smallamountofSulphur(VI)Oxidegas.Bothoxidesreactwithwatertoform the
correspondingacidicsolutioni.e

(i)Sulphur(IV)Oxidegasreactswithwatertoform sulphuric(IV)acid
(ii)Sulphur(VI)Oxidegasreactswithwatertoform sulphuric(VI)acid

Chemicalequation
S(s) +O2(g) -> SO2(g)(Sulphur(IV)Oxidegas)
2S(s) +3O2(g) -> 2SO3(g)(Sulphur(VI)Oxidegastraces)
SO2(g) +H2O(l) -> H2SO3(aq)(sulphuric(IV)acid) SO3(g)

+H2O(l) -> H2SO4(aq)(sulphuric(VI)acid).
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3.Ironfilingswereputinatesttubecontainingpowderedsulphurthenheatedona
Bunsenflame.Stopheatingwhenreactionstarts.Stateandexplaintheobservations
made.Testtheeffectsofamagnetonthemixturebeforeandafterheating.Explain.

Observations
Beforeheating,themagnetattractsironfilingsleavingsulphur
Afterheating,themagnetdoesnotattractthemixture.
Afterheating,aredglowisobservedthatcontinuesevenwhenheatingisstopped..
Blacksolidisformed.

Explanation Ironis
attractedtoamagnetbecauseitisferromagnetic.
Whenamixtureofironandsulphurisheated,thereactionisexothermicgivingout
heatenergythatmakesthemixturetocontinueglowingevenafterstoppingheating.
BlackIron(II)sulphideisformedwhichisacompoundandthusnotferromagnetic.

Chemicalequation Fe(s)+S(s)
->FeS(s)(Exothermicreaction/-ΔH)

Heatedpowderedheavymetalscombinewithsulphurtoform blacksulphides.
Cu(s) +S(s) -> CuS(s)
Zn(s) +S(s) -> ZnS(s)
Pb(s) +S(s) -> PbS(s)

4.Thesetupbelowshowthereactionofsulphuronheatedconcentrated
sulphuric(VI)acid.

(i)Stateandexplaintheobservationmade.
Observation
Yellowcolourofsulphurfades
Orangecolourofpotassium dichromate(VI)paperturnstogreen.

Explanation
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Hotconcentratedsulphuric(VI)acidoxidizessulphurtosulphur(IV)oxidegas.The
oxideisalsoreducedtowater.Tracesofsulphur(VI)oxideisformed.

Chemicalequation
S(s)+ 3H2SO4(l) -> 3SO2(g)+3H2O(l)+SO3(g)

Sulphur(IV)oxidegasturnsOrangepotassium dichromate(VI)papertogreen.

(ii)Stateandexplaintheobservationmadeifconcentratedsulphuric(VI)acidis
replacedwithconcentratedNitric(V)acidintheabovesetup.

Observation
Yellowcolourofsulphurfades
Colurlesssolutionformed
Brownfumes/gasproduced.

Explanation
HotconcentratedNitric(V)acidoxidizessulphurtosulphuric(VI)acid.TheNitric(V)
acidisreducedtobrownnitrogen(IV)oxidegas.

Chemicalequation
S(s)+ 6HNO3(l) -> 6NO2(g)+2H2O(l)+H2SO4(l)

NB:
Hydrochloricacidisaweakeroxidizingagentandthuscannotoxidizesulphurlikethe
othermineralacids.

5.Statethreemainusesofsulphur .
Sulphurismainlyusedin:

(i)Contactprocessforthemanufacture/industrial/largescaleproductionof
concentratedsulphuric(VI)acid.
(ii)Vulcanizationofrubbertomakeitharder,tougher,stronger,andmoredurable.
(iii)Makinggunpowderandmatchstickheads
(iv)Asointmentstotreatfungalinfections

6.RevisionPractice
Thediagram belowrepresentstheextractionofsulphurbyFraschsprocess.Useitto
answerthequestionsthatfollow.

L
M

N



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 252

(a)Namethesubstancesthatpassesthrough:
M Superheatedwaterat170oCand10atmospherepressure
L Hotcompressedair
N Moltensulphur

(b)WhatisthepurposeofthesubstancethatpassesthroughLandM?
M-Superheatedwaterat170oCand10atmospherepressureisusedtomeltthe

sulphur
L-Hotcompressedairisusedtoforceupthemoltensulphur.

(c)ThepropertiesofthetwomainallotropesofsulphurrepresentedbylettersAandB
aregiveninthetablebelow.Useittoanswerthequestionsthatfollow.

A B
Appearance Brightyellow Paleyellow
Density(gcm-3) 1.93 2.08
Meltingpoint(oC) 119 113
Stability Above96oC Below96oC

I.Whatareallotropes?
Differentformsofthesameelementexistingatthesametemperatureand

pressurewithoutchangeofstate.

II.Identifyallotrope:
A.Monoclinicsulphur
B.Rhombicsulphur

III.Statetwomainusesofsulphur.
-Manufactureofsulphuric(VI)acid
-asfungicide
-invulcanizationofrubbertomakeitharder/tougher/stronger
-manufactureofdyes/fibres

(d)Calculatethevolumeofsulphur(IV)oxideproducedwhen0.4gofsulphuris
completelyburntinexcessair.(S=32.0,Imoleofagasoccupies24dm3atroom
temperature)
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Chemicalequation
S(s)+O2(g)->SO2(g)

MoleratioS:SO2 =1:1

Method1
32.0gofsulphur->24dm3ofSO2(g)
0.4gofsulphur->0.4gx24dm3= 0.3dm3

32.0g
Method2
Molesofsulphurused=Massofsulphur =>0.4=0.0125moles

Molarmassofsulphur 32

Molesofsulphurused=Molesofsulphur(IV)oxideused=>0.0125moles
Volumeofsulphur(IV)oxideused=Molesofsulphur(IV)oxidexvolumeofonemoleof
gas=>0.0125molesx24dm3= 0.3dm3
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B.COMPOUNDSOFSULPHUR
Thefollowingarethemaincompoundsofsulphur:

(i)Sulphur(IV)oxide
(ii)Sulphur(VI)oxide .
(iii)Sulphuric(VI)acid
(iv)HydrogenSulphide
(v)Sulphate(IV)/SO3

2-andSulphate(VI)/SO4
2-salts

(i)Sulphur(IV)oxide(SO2)

(a)Occurrence
Sulphur(IV)oxideisfoundinvolcanicareasasagasordissolvedinwaterfrom
geysersandhotspringsinactivevolcanicareasoftheworlde.g.OlkariaandHellsgate
nearNaivashainKenya.

(b)Schoollaboratorypreparation

InaChemistryschoollaboratorySulphur(IV)oxideispreparedfrom thereactionof

Method1:UsingCopperandSulphuric(VI)acid.
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Method2:UsingSodium Sulphate(IV)andhydrochloricacid.

(c)PropertiesofSulphur(IV)oxide(Questions)

1.Writetheequationsforthereactionfortheformationofsulphur(IV)oxideusing:
(i)Method1

Cu(s)+2H2SO4(l)->CuSO4(aq)+SO2(g)+2H2O(l)
Zn(s)+2H2SO4(l)->ZnSO4(aq)+SO2(g)+2H2O(l)

Mg(s)+2H2SO4(l)->MgSO4(aq)+SO2(g)+2H2O(l)
Fe(s)+2H2SO4(l)->FeSO4(aq)+SO2(g)+2H2O(l)

Calcium ,LeadandBarium willform insolublesulphate(VI)saltsthatwillcover
unreactedmetalsstoppingfurtherreactionthusproducingverysmallamount/quantity
ofsulphur(IV)oxidegas.

(ii)Method2
Na2SO3(aq)+HCl(aq)->NaCl(aq)+SO2(g)+2H2O(l)
K2SO3(aq)+HCl(aq)->KCl(aq)+SO2(g)+2H2O(l)

BaSO3(s)+2HCl(aq)->BaCl2(aq)+SO2(g)+H2O(l)
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CaSO3(s)+2HCl(aq)->CaCl2(aq)+SO2(g)+H2O(l)
PbSO3(s)+2HCl(aq)->PbCl2(s)+SO2(g)+H2O(l)

Lead(II)chlorideissolubleonheatingthusreactantsshouldbeheatedtoprevent
itcoating/coveringunreactedPbSO3(s)

2.Statethephysicalpropertiesuniquetosulphur(IV)oxidegas.
Sulphur(IV)oxidegasisacolourlessgaswithapungentirritatingandchokingsmell
whichliquidifieseasily.Itisabouttwotimesdenserthanair.

3.Thediagram belowshowthesolubilityofsulphur(IV)oxidegas.Explain.

Sulphur(IV)oxideisverysolubleinwater.
OnedropofwaterdissolvesalltheSulphur(IV)oxideintheflaskleavingavacuum.
Iftheclipisremoved,atmosphericpressureforcesthewaterupthroughthenarrow

tubetoform afountaintooccupythevacuum.
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Anacidicsolutionofsulphuric(IV)acidisformedwhichturnslitmussolutionred.
Chemicalequation
SO2(g)+H2O(l) -> H2SO3(aq)(sulphuric(IV)acidturnlitmusred)

4.Drylitmuspapersandwet/damp/moistlitmuspaperswereputinagasjar
containingsulphur(IV)oxidegas.Stateandexplaintheobservationsmade.
Observations
(i)DryBluelitmuspaperremainsblue.
Dryredlitmuspaperremainsred.

(ii)Wet/damp/moistbluelitmuspaperturnsred.
Moist/damp/wetredlitmuspaperremainsred.
Bothlitmuspapersarethenbleached/decolorized.

Explanation
Drysulphur(IV)oxidegasisamolecularcompoundthatdoesnotdissociate/ionizeto

releaseH+(aq)ionsandthushasnoeffectondryblue/redlitmuspapers.
Wet/damp/moistlitmuspaperscontainwaterthatdissolves/reactwithdrysulphur(IV)
oxidegastoform asolutionofweaksulphuric(IV)acid(H2SO3(aq)).
Weaksulphuric(IV)acid(H2SO3(aq))dissociates/ionizesintofreeH+(aq)ions:

H2SO3(aq)->2H+(aq)+SO3
2-(aq)

ThefreeH+(aq)ionsareresponsibleforturningbluelitmuspaperturnsredshowingthe
gasisacidic.
TheSO3

2-(aq)ionsinwet/damp/moistsulphur(IV)oxidegasisresponsibleformany
reactionsofthegas.
Itiseasily/readilyoxidizedtosulphate(VI)SO4

2-(aq)ionsmakingsulphur(IV)oxidegas
actasareducingagentasinthefollowingexamples:

(a)Bleachingagent

Wet/damp/moistcolouredflowers/litmuspapersarebleached/decolorizedwhenput
insulphur(IV)oxidegas.
Thisisbecausesulphur(IV)oxideremovesatomicoxygenfrom thecoloureddye/
materialtoform sulphuric(VI)acid.
Chemicalequations

(i)Formationofsulphuric(IV)acid
SO2(g)+H2O(l) -> H2SO3(aq)

(ii)Decolorization/bleachingofthedye/removalofatomicoxygen.
MethodI.H2SO3(aq)+(dye+O)->H2SO4(aq)+dye

(coloured) (colourless)
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MethodII.H2SO3(aq)+(dye)->H2SO4(aq)+(dye-O)
(coloured) (colourless)

Sulphur(IV)oxidegasthereforebleachesbyreduction/removingoxygenfrom adye
unlikechlorinethatbleachesbyoxidation/addingoxygen.
Thebleachingbyremovingoxygenfrom Sulphur(IV)oxidegasistemporary.

Thisisbecausethebleacheddyeregainstheatomicoxygenfrom theatmosphere/air
inpresenceofsunlightascatalystthusregaining/restoringitsoriginalcolour.e.g.

Oldnewspapersturnbrownonexposuretoaironregainingtheatomicoxygen.
Thebleachingthroughaddingoxygenbychlorinegasispermanent.

(b)TurnsOrangeacidifiedpotassium dichromate(VI)togreen

Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingacidifiedpotassium
dichromate(VI)solution.or;

(ii)Dipafilterpapersoakedinacidifiedpotassium dichromate(VI)intoagasjar
containingSulphur(IV)oxidegas.

Observation:
Orangeacidifiedpotassium dichromate(VI)turnstogreen.

Explanation:
Sulphur(IV)oxidegasreducesacidifiedpotassium dichromate(VI)from orangeCr2O7

2-

ionstogreenCr3+ionswithoutleavingaresidueitselfoxidizedfrom SO3
2-ionsin

sulphuric(IV)acidtoSO4
2-ionsinsulphuric(VI)acid.

Chemical/ionicequation:
(i)ReactionofSulphur(IV)oxidegaswithwater

SO2(g)+H2O(l) -> H2SO3(aq)

(ii)Dissociation/ionizationofSulphuric(IV)acid.
H2SO3(aq)->2H+(aq)+SO3

2-(aq)

(iii)OxidationofSO3
2-(aq)andreductionofCr2O7

2-(aq)
3SO3

2-(aq)+ Cr2O7
2-(aq)+8H+(aq)->3SO4

2-(aq)+2Cr3+(aq)+4H2O(l)

ThisisaconfirmatorytestforthepresenceofSulphur(IV)oxidegas.
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Hydrogensulphidealsoreducesacidifiedpotassium dichromate(VI)from orange
Cr2O7

2-ionstogreenCr3+ionsleavingayellowresidue.

(c)Decolorizesacidifiedpotassium manganate(VII)

Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingacidifiedpotassium
manganate(VII)solution.or;

(ii)Dipafilterpapersoakedinacidifiedpotassium manganate(VII)intoagasjar
containingSulphur(IV)oxidegas.

Observation:
Purpleacidifiedpotassium manganate(VII)turnstocolourless/acidifiedpotassium
manganate(VII)isdecolorized.

Explanation:
Sulphur(IV)oxidegasreducesacidifiedpotassium manganate(VII)from purpleMnO4

-

ionstogreenMn2+ionswithoutleavingaresidueitselfoxidizedfrom SO3
2-ionsin

sulphuric(IV)acidtoSO4
2-ionsinsulphuric(VI)acid.

Chemical/ionicequation:
(i)ReactionofSulphur(IV)oxidegaswithwater

SO2(g)+H2O(l) -> H2SO3(aq)

(ii)Dissociation/ionizationofSulphuric(IV)acid.
H2SO3(aq)->2H+(aq)+SO3

2-(aq)

(iii)OxidationofSO3
2-(aq)andreductionofMnO4

-(aq)
5SO3

2-(aq)+ 2MnO4
-(aq)+6H+(aq)->5SO4

2-(aq)+2Mn2+(aq)+3H2O(l)
(purple) (colourless)

ThisisanothertestforthepresenceofSulphur(IV)oxidegas.

Hydrogensulphidealsodecolorizesacidifiedpotassium manganate(VII)from purple
MnO4

-ionstocolourlessMn2+ionsleavingayellowresidue.

(d)Decolorizesbrominewater

Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingbrominewater.or;
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(ii)PutthreedropsofbrominewaterintoagasjarcontainingSulphur(IV)oxidegas.
Swirl.

Observation:
Yellowbrominewaterturnstocolourless/brominewaterisdecolorized.

Explanation:
Sulphur(IV)oxidegasreducesyellowbrominewatertocolourlesshydrobromicacid
(HBr)withoutleavingaresidueitselfoxidizedfrom SO3

2-ionsinsulphuric(IV)acidto
SO4

2-ionsinsulphuric(VI)acid.

Chemical/ionicequation:
(i)ReactionofSulphur(IV)oxidegaswithwater

SO2(g)+H2O(l) -> H2SO3(aq)

(ii)Dissociation/ionizationofSulphuric(IV)acid.
H2SO3(aq)->2H+(aq)+SO3

2-(aq)

(iii)OxidationofSO3
2-(aq)andreductionofMnO4

-(aq)
SO3

2-(aq)+ Br2(aq)+H2O(l)->SO4
2-(aq)+ 2HBr(aq)

(yellow) (colourless)

ThiscanalsobeusedasanothertestforthepresenceofSulphur(IV)oxidegas.

Hydrogensulphidealsodecolorizesyellowbrominewatertocolourlessleavinga
yellowresidue.

(e)ReducesIron(III)Fe3+saltstoIron(II)saltsFe2+

Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingabout3cm3ofIron
(III)chloridesolution.or;

(ii)Placeabout3cm3ofIron(III)chloridesolutionintoagasjarcontainingSulphur(IV)
oxidegas.Swirl.

Observation:
Yellow/brownIron(III)chloridesolutionturnstogreen

Explanation:
Sulphur(IV)oxidegasreducesIron(III)chloridesolutionfrom yellow/brownFe3+ionsto
greenFe2+ionswithoutleavingaresidueitselfoxidizedfrom SO3

2-ionsinsulphuric(IV)
acidtoSO4

2-ionsinsulphuric(VI)acid.

Chemical/ionicequation:
(i)ReactionofSulphur(IV)oxidegaswithwater
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SO2(g)+H2O(l) -> H2SO3(aq)

(ii)Dissociation/ionizationofSulphuric(IV)acid.
H2SO3(aq)->2H+(aq)+SO3

2-(aq)

(iii)OxidationofSO3
2-(aq)andreductionofFe3+(aq)

SO3
2-(aq)+ 2Fe3+(aq)+3H2O(l)->SO4

2-(aq)+2Fe2+(aq)+2H+(aq)
(yellow) (green)

(f)ReducesNitric(V)acidtoNitrogen(IV)oxidegas
Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingabout3cm3of
concentratednitric(V)acid.or;

(ii)Placeabout3cm3ofconcentratednitric(V)acidintoagasjarcontainingSulphur(IV)
oxidegas.Swirl.

Observation:
Brownfumesofagasevolved/produced.

Explanation:
Sulphur(IV)oxidegasreducesconcentratednitric(V)acidtobrownnitrogen(IV)oxide
gasitselfoxidizedfrom SO3

2-ionsinsulphuric(IV)acidtoSO4
2-ionsinsulphuric(VI)

acid.

Chemical/ionicequation:
SO2(g)+2HNO3(l) -> H2SO4(l)+NO2(g)

(brownfumes/gas)

(g)ReducesHydrogenperoxidetowater
Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingabout3cm3of20
volumehydrogenperoxide.AddfourdropsofBarium nitrate(V)orBarium chloride
followedbyfivedropsof2M hydrochloricacid/2M nitric(V)acid.

Observation:
Awhiteprecipitateisformedthatpersist/remainsonadding2M hydrochloricacid/2M
nitric(V)acid.

Explanation:
Sulphur(IV)oxidegasreduces20volumehydrogenperoxideanditselfoxidizedfrom
SO3

2-ionsinsulphuric(IV)acidtoSO4
2-ionsinsulphuric(VI)acid.
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WhenBa2+ionsinBarium Nitrate(V)orBarium chloridesolutionisadded,awhite
precipitateofinsolubleBarium saltsisformedshowingthepresenceofofeitherSO3

2-

,SO4
2-,CO3

2-ions.i.e.

Chemical/ionicequation:
SO3

2-(aq)+ Ba2+(aq)->BaSO3(s)
whiteprecipitate

SO4
2-(aq)+ Ba2+(aq)->BaSO4(s)

whiteprecipitate
CO3

2-(aq)+ Ba2+(aq)->BaCO3(s)
whiteprecipitate

Ifnitric(V)/hydrochloricacidisaddedtothethreesuspectedinsolublewhite
precipitatesabove,thewhiteprecipitate:

(i)persist/remainsifSO4
2-(aq)ions(BaSO4(s))ispresent.

(ii)dissolvesifSO3
2-(aq)ions(BaSO3(s))andCO3

2-(aq)ions(BaCO3(s))ispresent.
Thisisbecause:

I.BaSO3(s)reactswithNitric(V)/hydrochloricacidtoproduceacidicSO2gasthat
turnsOrangemoistfilterpaperdippedinacidifiedPotassium dichromateto
green.

Chemicalequation
BaSO3(s)+2H+(aq)->Ba2+(aq)+SO2(g)+H2O(l)

I.BaCO3(s)reactswithNitric(V)/hydrochloricacidtoproduceacidicCO2gasthat
formsawhiteprecipitatewhenbubbledinlimewater.

Chemicalequation

BaCO3(s)+2H+(aq)->Ba2+(aq)+CO2(g)+H2O(l)

5.Sulphur(IV)oxidealsoactasanoxidizingagentasinthefollowingexamples.

(a)ReductionbyburningMagnesium

Experiment
LoweraburningMagnesium ribbonintoagasjarcontainingSulphur(IV)oxidegas

Observation
Magnesium ribboncontinuestoburnwithdifficulty.
Whiteashandyellowpowder/speck

Explanation
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Sulphur(IV)oxidedoesnotsupportburning/combustion.Magnesium burnstoproduce
enoughheatenergytodecomposeSulphur(IV)oxidetosulphurandoxygen.
ThemetalcontinuestoburnonOxygenformingwhiteMagnesium oxidesolid/ash.
Yellowspecksofsulphurresidueform onthesidesofreactionflask/gasjar.
Duringthereaction,Sulphur(IV)oxideisreduced(oxidizingagent)whilethemetalis
oxidized(reducingagent)

Chemicalequation
SO2(g)+2Mg(s) -> 2MgO(s) + S(s)

(whiteash/solid) (yellowspeck/powder)

(b)ReductionbyHydrogensulphidegas

Experiment
PuttwodropsofwaterintoagasjarcontainingdrySulphur(IV)oxidegas
BubblehydrogensulphidegasintothegasjarcontainingSulphur(IV)oxidegas.
Or
PuttwodropsofwaterintoagasjarcontainingdrySulphur(IV)oxidegas
Invertagasjarfullofhydrogensulphidegasoverthegasjarcontaining
Sulphur(IV)oxidegas.Swirl

Observation
Yellowpowder/speck
Explanation
Sulphur(IV)oxideoxidizeshydrogensulphidetoyellowspecksofsulphurresidueand
itselfreducedtoalsosulphurthatform onthesidesofreactionflask/gasjar.
Alittlemoisture/wateractascatalyst/speedsupthereaction.
Chemicalequation
SO2(g)+2H2S(g) -> 2H2O(l) + 3S(s)

(yellowspeck/powder)

6.Sulphur(IV)oxidehasmanyindustrialuses.Statethree.

(i)InthecontactprocessforthemanufactureofSulphuric(VI)acid
(ii)Asableachingagentofpulpandpaper.
(iii)Asafungicidetokillmicrobes’
(iv)Asapreservativeofjam,juicestopreventfermentation

(ii)Sulphur(VI)oxide(SO3)

(a)Occurrence
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Sulphur(VI)oxideisdoesnotoccurfreeinnature/atmosphere

(b)Preparation

InaChemistryschoollaboratorySulphur(VI)oxidemaypreparedfrom:

Method1;Catalyticoxidationofsulphur(IV)oxidegas.

Sulphur(IV)oxidegasandoxygenmixturearefirstdriedbybeingpassedthrough
ConcentratedSulphuric(VI)acid.
Thedrymixtureisthenpassedthroughplatinisedasbestostocatalyse/speedupthe
combinationtoform Sulphur(VI)oxidegas.
Sulphur(VI)oxidegasreadilysolidifyassilkywhiteneedlesifpassedthrougha
freezingmixture/icecoldwater.
Thesolidfumesoutonheatingtoahighlyacidicpoisonousgas.

Chemicalequation
2SO2(g)+O2(g)--platinisedasbestos--> 2SO3(g)

Method2;HeatingIron(II)sulphate(VI)heptahydrate

WhengreenhydratedIron(II)sulphate(VI)heptahydratecrystalsareheatedinaboiling
tube,itlosesthewaterofcrystallizationandcolourchangesfrom greentowhite.

Chemicalequation
FeSO4.7H2O(s) -> FeSO4(s) + 7H2O(l)
(greensolid) (whitesolid)

Onfurtherheating,thewhiteanhydrousIron(II)sulphate(VI)soliddecomposestoa
mixtureofSulphur(VI)oxideandSulphur(IV)oxidegas.
Sulphur(VI)oxidereadily/easilysolidifyaswhitesilkyneedleswhenthemixtureis

passedthroughafreezingmixture/icecoldwater.
Iron(III)oxideisleftasabrownresidue/solid.

Chemicalequation

2FeSO4(s) -> Fe2O3(s) + SO2(g)+ SO3(g)
(greensolid) (brownsolid)

Caution
OnexposuretoairSulphur(VI)oxidegasproduceshighlycorrosivepoisonousfumes
ofconcentratedsulphuric(VI)acidandthusitspreparationinaschoollaboratoryisvery
risky.

(c)Usesofsulphur(VI)oxide
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Oneofthemainusesofsulphur(VI)oxidegasisasanintermediateproductinthe
contactprocessforindustrial/manufacture/largescale/productionofsulphuric(VI)acid.

(iii)Sulphuric(VI)acid(H2SO4)

(a)Occurrence

Sulphuric(VI)acid(H2SO4)isoneofthethreemineralacids.Therearethreemineral
acids;

Nitric(V)acid
Sulphuric(VI)acid
Hydrochloricacid.

Mineralacidsdonotoccurnaturallybutarepreparedinaschoollaboratoryand
manufacturedatindustriallevel.

(b)TheContactprocessforindustrialmanufactureofH2SO4.

I.Rawmaterials

ThemainrawmaterialsforindustrialpreparationofSulphuric(VI)acidinclude:
(i)Sulphurfrom Fraschsprocessorfrom heatingmetalsulphideorelike
Galena(PbS),Zincblende(ZnS)
(ii)Oxygenfrom fractionaldistillationofair
(iii)Waterfrom rivers/lakes

II.Chemicalprocesses

Thecontactprocessinvolvesfourmainchemicalprocesses:

(i)ProductionofSulphur(IV)oxide

Asoneoftherawmaterials,Sulphur(IV)oxidegasisgotfrom thefollowingsources;

I.Burning/roastingsulphurinair.

Sulphurfrom Fraschsprocessisroasted/burntinairtoform Sulphur(IV)oxidegasin
theburners
Chemicalequation

S(s)+O2(g) --> SO2(g)

II.Burning/roastingsulphideoresinair.
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Sulphur(IV)oxidegasisproducedasabyproductinextractionofsomemetalslike:
-Leadfrom Lead(II)sulphide/Galena,(PbS)
-Zincfrom zinc(II)sulphide/Zincblende,(ZnS)
-Copperfrom Copperironsulphide/Copperpyrites,(CuFeS2)

Onroasting/burning,largeamount/quantityofsulphur(IV)oxideisgenerated/produced.
Chemicalequation

(i)2PbS(s) +3O2(g) -> 2PbO(s) + 2SO2(g)
(ii)2ZnS(s) +3O2(g) -> 2ZnO(s) + 2SO2(g)
(ii)2CuFeS2(s) +4O2(g) -> 2FeO(s) + 3SO2(g)+ Cu2O(s)

Sulphur(IV)oxideeasily/readilyliquefiesandthuscanbetransportedtoafardistance
safely.

(ii)PurificationofSulphur(IV)oxide

Sulphur(IV)oxidegascontaindustparticlesandArsenic(IV)oxideasimpurities.These
impurities“poison”/impairthecatalystbyadheringon/coveringitssurface.
Theimpuritiesareremovedbyelectrostaticprecipitationmethod.
InthecontactprocessPlatinum orVanadium(V)oxidemaybeused.Vanadium(V)oxide
ispreferredbecauseitis:

(i)cheaper/lessexpensive
(ii)lesseasilypoisonedbyimpurities

(iii)CatalyticconversionofSulphur(IV)oxidetoSulphur(VI)oxide

PureanddrymixtureofSulphur(IV)oxidegasandOxygenisheatedto450oCinaheat
exchanger.
TheheatedmixtureispassedthroughlongpipescoatedwithpelletsofVanadium
(V)oxidecatalyst.
Theclose“contact”betweenthereactinggasesandcatalystgivetheprocessitsname.
Vanadium (V)oxidecatalysetheconversion/oxidationofSulphur(IV)oxideto
Sulphur(VI)oxidegas.
Chemicalequation

2SO2(g)+O2(g) --V2O5--> 2SO2(g)

Thisreactionisexothermic(-ΔH)andthetemperaturesneedtobemaintainedat
around450oCtoensurethat:

(i)reactionrate/timetakenfortheformationofSulphur(VI)oxideisnottoo
slow/longatlowertemperaturesbelow450oC

(ii)Sulphur(VI)oxidegasdoesnotdecomposebacktoSulphur(IV)oxidegasand
Oxygengasathighertemperaturesthan450oC.
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(iv)ConversionofSulphur(VI)oxideofSulphuric(VI)acid

Sulphur(VI)oxideistheacidanhydrideofconcentratedSulphuric(VI)acid.
Sulphur(VI)oxidereactswithwatertoform thickmistoffinedropletsofvery/highly
corrosiveconcentratedSulphuric(VI)acidbecausethereactionishighlyexothermic.
Topreventthis,Sulphur(VI)oxideisapasseduptomeetdownwardflowof98%
Sulphuric(VI)acidintheabsorptionchamber/tower.
ThereactionformsaveryviscousoilyliquidcalledOleum/fumingSulphuric(VI)acid/
pyrosulphuric(VI)acid.

Chemicalequation
H2SO4(aq)+SO3(g) -> H2S2O7(l)

Oleum/fumingSulphuric(VI)acid/pyrosulphuric(VI)acidisdilutedcarefullywith
distilledwatertogiveconcentratedsulphuric(VI)acid.
Chemicalequation

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

Theacidisstoredreadyformarket/sale.

III.Environmentaleffectsofcontactprocess

Sulphur(VI)oxideandSulphur(IV)oxidegasesareatmosphericpollutantsthatform acid
rainiftheyescapetotheatmosphere.
IntheContactprocess,about2%ofthesegasesdonotform sulphuric(VI)acid.

Thefollowingprecautionsprevent/minimizepollutionfrom Contactprocess:
(i)recyclingbackanyunreactedSulphur(IV)oxidegasbacktotheheat

exchangers.
(ii)dissolvingSulphur(VI)oxidegasinconcentratedsulphuric(VI)acidinsteadof

water.
Thispreventstheformationoffinedropletsofthecorrosive/toxic/poisonous

fumesofconcentratedsulphuric(VI)acid.

(iii)scrubbing-Thisinvolvespassingtheexhaustgasesthroughverytallchimneys
linedwithquicklime/calcium hydroxidesolid.
ThisreactswithSulphur(VI)oxidegasformingharmlesscalcium(II)sulphate(IV)
/CaSO3

Chemicalequation
Ca(OH)2(aq)+SO2(g) --> CaSO3(aq)+H2O(g)

IV.UsesofSulphuric(VI)acid
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Sulphuric(VI)acidisused:
(i)inmakingdyesandpaint
(ii)asacidinLead-acidaccumulator/battery
(iii)formakingsoaplessdetergents
(iv)formakingsulphateagriculturalfertilizers

VI.Sketchchartdiagram showingtheContactprocess

(c)PropertiesofConcentratedsulphuric(VI)acid (i)Concentrated
sulphuric(VI)acidisacolourlessoilyliquidwithadensityof1.84gcm-3.Ithasaboiling
pointof338oC.

(ii)Concentratedsulphuric(VI)acidisverysolubleinwater.
Thesolubility/dissolutionoftheacidveryhighlyexothermic.
Theconcentratedacidshouldthusbedilutedslowlyinexcesswater.
Watershouldneverbeaddedtotheacidbecausethehotacidscattershighlycorrosive
fumesoutofthecontainer.

(iii)Concentratedsulphuric(VI)acidisacovalentcompound.IthasnofreeH+ions.
FreeH+ionsareresponsibleforturningthebluelitmuspaperred.Concentrated
sulphuric(VI)acidthusdonotchangethebluelitmuspaperred.

(iv)Concentratedsulphuric(VI)acidishygroscopic.Itabsorbswaterfrom the
atmosphereanddonotform asolution.
Thismakesconcentratedsulphuric(VI)acidverysuitableasdryingagentduring
preparationofgases.
(v)Thefollowingaresomechemicalpropertiesofconcentratedsulphuric(VI)acid:

I.Asadehydratingagent
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ExperimentI;
Putaboutfourspatulaendfullsofbrownsugarandglucoseinseparate10cm3beaker.
Carefullyaddabout10cm3ofconcentratedsulphuric(VI)acid.Allowtostandfor
about10minutes.
Observation;

Colour(inbrownsugar)changefrom browntoblack.
Colour(inglucose)changefrom whitetoblack.
10cm3beakerbecomesveryhot.

Explanation
Concentratedsulphuric(VI)acidisstrongdehydratingagent.
Itremoveschemicallyandphysicallycombinedelementsofwater(Hydrogenand
Oxygeninratio2:1)from compounds.
Whenaddedtosugar/glucoseavigorousreactionthatishighlyexothermictakeplace.
Thesugar/glucoseischarredtoblackmassofcarbonbecausetheaciddehydrates
thesugar/glucoseleavingcarbon.
Caution
Thisreactionishighlyexothermicthatstartslowlybutproducefineparticlesofcarbon
thatifinhaledcausequicksuffocationbyblockingthelungvilli.

Chemicalequation
Glucose: C6H12O6(s)--conc.H2SO4--> 6C(s)+ 6H2O(l)

(white) (black)

Sugar: C12H22O11(s) --conc.H2SO4-->12C(s)+11H2O(l)
(brown) (black)

ExperimentII;
Putabouttwospatulaendfullofhydratedcopper(II)sulphate(VI)crystalsinaboiling
tube.Carefullyaddabout10cm3ofconcentratedsulphuric(VI)acid.Warm .
Observation;

Colourchangefrom bluetowhite.
Explanation

Concentratedsulphuric(VI)acidisstrongdehydratingagent.Itremovesphysically
combinedelementsofwater(HydrogenandOxygeninratio2:1)from hydrated
compounds.
Theaciddehydratesbluecopper(II)sulphatetowhiteanhydrouscopper(II)sulphate.

Chemicalequation
CuSO4.5H2O(s)--conc.H2SO4--> CuSO4(s)+ 5H2O(l)

(blue) (white)
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ExperimentIII;
Putabout4cm3ofabsoluteethanolinaboilingtube.Carefullyaddabout10cm3of
concentratedsulphuric(VI)acid.
Placemoist/damp/wetfilterpaperdippedinacidifiedpotassium
dichromate(VI)solutiononthemouthoftheboilingtube.Heatstrongly.
Caution:
Absoluteethanolishighlyflammable.

Observation;
Colourlessgasproduced.
Orangeacidifiedpotassium dichromate(VI)paperturnstogreen.

Explanation
Concentratedsulphuric(VI)acidisstrongdehydratingagent.
Itremoveschemicallycombinedelementsofwater(HydrogenandOxygeninratio

2:1)from compounds.
Theaciddehydratesethanoltoethenegasatabout170oC.
Ethenewith=C=C=doublebondturnsorangeacidifiedpotassium dichromate(VI)
paperturnstogreen.

Chemicalequation
C2H5OH(l)--conc.H2SO4/170oC--> C2H4(g)+ H2O(l)

NB:Thisreactionisusedfortheschoollaboratorypreparationofethenegas

ExperimentIV;
Putabout4cm3ofmethanoicacidinaboilingtube.Carefullyaddabout6cm3of
concentratedsulphuric(VI)acid.Heatgently

Caution:
Thisshouldbedoneinafumechamber/open
Observation;

Colourlessgasproduced.
Explanation
Concentratedsulphuric(VI)acidisstrongdehydratingagent.Itremoveschemically
combinedelementsofwater(HydrogenandOxygeninratio2:1)from compounds.
Theaciddehydratesmethanoicacidtopoisonous/toxiccarbon(II)oxidegas.

Chemicalequation
HCOOH(l)--conc.H2SO4--> CO(g)+ H2O(l)

NB:Thisreactionisusedfortheschoollaboratorypreparationofsmallamountcarbon
(II)oxidegas

ExperimentV;
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Putabout4cm3ofethan-1,2-dioic/oxalicacidinaboilingtube.Carefullyaddabout6
cm3ofconcentratedsulphuric(VI)acid.Passanygaseousproductthroughlime
water.Heatgently

Caution:
Thisshouldbedoneinafumechamber/open

Observation;
Colourlessgasproduced.

Gasproducedformsawhiteprecipitatewithlimewater.
Explanation
Concentratedsulphuric(VI)acidisstrongdehydratingagent.
Itremoveschemicallycombinedelementsofwater(HydrogenandOxygeninratio
2:1)from compounds.
Theaciddehydratesethan-1,2-dioic/oxalicacidtoamixtureofpoisonous/toxic
carbon(II)oxideandcarbon(IV)oxidegases.

Chemicalequation
HOOCCOOH(l)--conc.H2SO4--> CO(g)+CO2(g)+ H2O(l)

NB:Thisreactionisalsousedfortheschoollaboratorypreparationofsmallamount
carbon(II)oxidegas.
Carbon(IV)oxidegasisremovedbypassingthemixturethroughconcentrated
sodium/potassium hydroxidesolution.

II.AsanOxidizingagent

ExperimentI
Putabout2cm3ofConcentratedsulphuric(VI)acidintothreeseparateboilingtubes.
Placeathinmoist/damp/wetfilterpaperdippedinacidifiedpotassium dichromate
(VI)solutiononthemouthoftheboilingtube.Putabout0.5gofCopperturnings,Zinc
granuleandIronfilingstoeachboilingtubeseparately.

Observation;
Effervescence/fizzing/bubbles
Bluesolutionformedwithcopper,
GreensolutionformedwithIron
ColourlesssolutionformedwithZinc
Colourlessgasproducedthathasapungentirritatingchokingsmell.

Gasproducedturnorangemoist/damp/wetfilterpaperdippedinacidified
potassium dichromate(VI)solutiontogreen.
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Explanation
Concentratedsulphuric(VI)acidisstrongoxidizingagent.
Itoxidizesmetalstometallicsulphate(VI)saltsanditselfreducedtosulphur(IV)oxide
gas.
Sulphur(IV)oxidegasturnorangemoist/damp/wetfilterpaperdippedinacidified

potassium dichromate(VI)solutiontogreen.
CuSO4(aq)isabluesolution.ZnSO4(aq)isacolourlesssolution.FeSO4(aq)isagreen

solution.

Chemicalequation
Cu(s)+2H2SO4(aq)--> CuSO4(aq)+SO2(g)+ 2H2O(l)
Zn(s)+2H2SO4(aq)--> ZnSO4(aq)+SO2(g)+ 2H2O(l)
Fe(s)+2H2SO4(aq)--> FeSO4(aq)+SO2(g)+ 2H2O(l)

ExperimentII
Putabout2cm3ofConcentratedsulphuric(VI)acidintotwoseparateboilingtubes.
Placeathinmoist/damp/wetfilterpaperdippedinacidifiedpotassium dichromate
(VI)solutiononthemouthoftheboilingtube.
Putabout0.5gofpowderedcharcoalandsulphurpowdertoeachboilingtube
separately.
Warm.
Observation;

Blacksolidcharcoaldissolves/decrease
Yellowsolidsulphurdissolves/decrease
Colourlessgasproducedthathasapungentirritatingchokingsmell.

Gasproducedturnorangemoist/damp/wetfilterpaperdippedinacidified
potassium dichromate(VI)solutiontogreen.

Explanation
Concentratedsulphuric(VI)acidisstrongoxidizingagent.Itoxidizesnon-metalsto
nonmetallicoxidesanditselfreducedtosulphur(IV)oxidegas.Sulphur(IV)oxidegas
turnorangemoist/damp/wetfilterpaperdippedinacidifiedpotassium dichromate
(VI)solutiontogreen.
Charcoalisoxidizedtocarbon(IV)oxide.SulphurisoxidizedtoSulphur(IV)oxide.
Chemicalequation

C(s)+2H2SO4(aq)--> CO2(aq)+2SO2(g)+ 2H2O(l)
S(s)+2H2SO4(aq)--> 3SO2(g)+ 2H2O(l)

III.Astheleastvolatileacid

Studythetablebelowshowingacomparisoninboilingpointsofthethreemineral
acids
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Mineralacid Relativemolecula
mass

Boilingpoint(oC)

Hydrochloricacid(HCl) 36.5 35.0
Nitric(V)acid(HNO3) 63.0 83.0
Sulphuric(VI)acid(H2SO4) 98.0 333

1.Whichistheleastvolatileacid?Explain
Sulphuric(VI)acid(H2SO4)becauseithasthelargestmoleculeandjoinedby
Hydrogenbondsmakingittohavethehighestboilingpoint/leastvolatile.

2.Usingchemicalequations,explainhowsulphuric(VI)aciddisplacesthelessvolatile
mineralacids.

(i)Chemicalequation
KNO3(s)+H2SO4(aq)--> KHSO4(l)+HNO3(g)
NaNO3(s)+H2SO4(aq)--> NaHSO4(l)+HNO3(g)

ThisreactionisusedintheschoollaboratorypreparationofNitric(V)acid(HNO3).

(ii)Chemicalequation
KCl(s)+H2SO4(aq)--> KHSO4(s)+HCl(g)
NaCl(s)+H2SO4(aq)--> NaHSO4(s)+HCl(g)

ThisreactionisusedintheschoollaboratorypreparationofHydrochloricacid(HCl).

(d)Propertiesofdilutesulphuric(VI)acid.

Dilutesulphuric(VI)acidismadewhenabout10cm3ofconcentratedsulphuric
(VI)acidiscarefullyaddedtoabout90cm3ofdistilledwater.
Dilutingconcentratedsulphuric(VI)acidshouldbedonecarefullybecausethe

reactionishighlyexothermic.
Dilutingconcentratedsulphuric(VI)aciddecreasesthenumberofmolespresentina
givenvolumeofsolutionwhichmakestheacidlesscorrosive.
Ondilutingconcentratedsulphuric(VI)acid,waterionizes/dissociatestheacid
fully/whollyintotwo(dibasic)freeH+(aq)andSO4

2-(aq)ions:

H2SO4(aq)-> 2H+(aq)+SO4
2-(aq)

ThepresenceoffreeH+(aq)ionsisresponsiblefor;
(i)turnlitmusredbecauseofthepresenceoffreeH+(aq)ions
(ii)havepH1/2/3becauseofthepresenceofmanyfreeH+(aq)ionshencea

stronglyacidicsolution.
(iii)Reactionwithmetals
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Experiment:
Place5cm3of0.2M dilutesulphuric(VI)acidintofourseparatecleantesttubes.

Addabout0.1gofMagnesium ribbontoonetesttube.Coverthemixturewithafinger
asstopper.Introduceaburningsplintontopofthefingerandreleasethefinger
“stopper”.RepeatbyaddingZinc,CopperandIroninsteadoftheMagnesium ribbon.

Observation:
Noeffervescence/bubbles/fizzingwithcopper
Effervescence/bubbles/fizzingwithIron,ZincandMagnesium
Colourlessgasproducedthatextinguishesburningsplintwitha“pop”sound.
ColourlesssolutionformedwithZincandMagnesium.
GreensolutionformedwithIron

Explanation:
Whenametalhigherthanhydrogeninthereactivity/electrochemicalseriesisput
inatesttubecontainingdilutesulphuric(VI)acid,effervescence/bubbling/fizzing
takesplacewithevolutionofHydrogengas.
Impurehydrogengasextinguishesburningsplintwitha“pop”sound.
Asulphate(VI)saltsisformed.Iron,ZincandMagnesium arehigherthan

hydrogeninthereactivity/electrochemicalseries.
Theyform Iron(II)sulphate(VI),Magnesium sulphate(VI)andZincsulphate(VI).

. Whenametallowerthanhydrogeninthereactivity/electrochemicalseriesisput
inatesttubecontainingdilutesulphuric(VI)acid,thereisnoeffervescence/
bubbling/fizzingthattakeplace.
Copperthusdonotreactwithdilutesulphuric(VI)acid.

Chemical/ionicequation
Mg(s) + H2SO4(aq) --> MgSO4(aq)+ H2(g)
Mg(s) + 2H+(aq) --> Mg2+(aq) + H2(g)

Zn(s) + H2SO4(aq) --> ZnSO4(aq) + H2(g)
Zn(s) + 2H+(aq) --> Zn2+(aq) + H2(g)

Fe(s) + H2SO4(aq) --> FeSO4(aq) + H2(g)
Fe(s) + H+(aq) --> Fe2+(aq) + H2(g)

NB:(i)Calcium,LeadandBarium formsinsolublesulphate(VI)saltsthatcover/coatthe
unreactedmetals.

(ii)Sodium andPotassium reactexplosivelywithdilutesulphuric(VI)acid

(iv)Reactionwithmetalcarbonatesandhydrogencarbonates

Experiment:
Place5cm3of0.2M dilutesulphuric(VI)acidintofourseparatecleanboiling

tubes.Addabout0.1gofsodium carbonatetooneboilingtube.Introduceaburning
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splintontopoftheboilingtube.RepeatbyaddingZinccarbonate,Copper(II)carbonate
andIron(II)Carbonateinplaceofthesodium hydrogencarbonate.
Observation:

Effervescence/bubbles/fizzing.
Colourlessgasproducedthatextinguishesburningsplint.
ColourlesssolutionformedwithZinccarbonate,sodium hydrogencarbonateand
sodium carbonate.
GreensolutionformedwithIron(II)Carbonate
BluesolutionformedwithCopper(II)Carbonate

Explanation:

Whenametalcarbonateorahydrogencarbonatesisputinatesttube
containingdilutesulphuric(VI)acid,effervescence/bubbling/fizzingtakesplace
withevolutionofcarbon(IV)oxidegas.carbon(IV)oxidegasextinguishesa
burningsplintandformsawhiteprecipitatewhenbubbledinlimewater.
Asulphate(VI)saltsisformed.

Chemical/ionicequation

ZnCO3(s)+ H2SO4(aq)--> ZnSO4(aq)+H2O(l)+CO2(g)
ZnCO3(s)+ 2H+(aq)--> Zn2+(aq)+H2O(l)+CO2(g)

CuCO3(s)+ H2SO4(aq)--> CuSO4(aq)+H2O(l)+CO2(g)
CuCO3(s)+ 2H+(aq)--> Cu2+(aq)+H2O(l)+CO2(g)

FeCO3(s)+ H2SO4(aq)--> FeSO4(aq)+H2O(l)+CO2(g)
FeCO3(s)+ 2H+(aq)--> Fe2+(aq)+H2O(l)+CO2(g)

2NaHCO3(s)+ H2SO4(aq)--> Na2SO4(aq)+2H2O(l)+2CO2(g)
NaHCO3(s)+ H+(aq)--> Na+(aq)+H2O(l)+CO2(g)

Na2CO3(s)+ H2SO4(aq)--> Na2SO4(aq)+H2O(l)+CO2(g)
NaHCO3(s)+ H+(aq)--> Na+(aq)+H2O(l)+CO2(g)

(NH4)2CO3(s)+ H2SO4(aq)--> (NH4)2SO4(aq)+H2O(l)+CO2(g)
(NH4)2CO3(s)+ H+(aq)--> NH4

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

2NH4HCO3(aq)+ H2SO4(aq)--> (NH4)2SO4(aq)+H2O(l)+CO2(g)
NH4HCO3(aq)+ H+(aq)--> NH4

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

NB:
Calcium,LeadandBarium carbonatesformsinsolublesulphate(VI)saltsthat
cover/coattheunreactedmetals.
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(v)Neutralization-reactionofmetaloxidesandalkalis/bases

ExperimentI:
Place5cm3of0.2M dilutesulphuric(VI)acidintofourseparatecleanboiling

tubes.Addabout0.1gofcopper(II)oxidetooneboilingtube.Stir.
RepeatbyaddingZincoxide,calcium carbonateandSodium (II)Oxideinplaceofthe

Copper(II)Oxide.
Observation:

BluesolutionformedwithCopper(II)Oxide
Colourlesssolutionformedwithotheroxides

Explanation:

Whenametaloxideisputinatesttubecontainingdilutesulphuric(VI)acid,the
oxidedissolvesformingasulphate(VI)salt.

Chemical/ionicequation

ZnO(s)+ H2SO4(aq)--> ZnSO4(aq)+H2O(l)
ZnO(s)+ 2H+(aq)--> Zn2+(aq)+H2O(l)

CuO(s)+ H2SO4(aq)--> CuSO4(aq)+H2O(l)
CuO(s)+ 2H+(aq)--> Cu2+(aq)+H2O(l)

MgO(s)+ H2SO4(aq)--> MgSO4(aq)+H2O(l)
MgO(s)+ 2H+(aq)--> Mg2+(aq)+H2O(l)

Na2O(s)+ H2SO4(aq)--> Na2SO4(aq)+H2O(l)
Na2O(s)+ 2H+(aq)--> 2Na+(aq)+H2O(l)

K2CO3(s)+ H2SO4(aq)--> K2SO4(aq)+H2O(l)
K2O(s)+ H+(aq)--> 2K+(aq)+H2O(l)

NB:
Calcium,LeadandBarium oxidesformsinsolublesulphate(VI)saltsthatcover/coatthe
unreactedmetalsoxides.

ExperimentII:
Fillaburettewuth0.1M dilutesulphuric(VI)acid.Pipette20.0cm3of0.1Msodium
hydroxidesolutionintoa250cm3conicalflask.Addthreedropsofphenolphthalein
indicator.Titratetheacidtogetapermanentcolourchange.Repeatwith0.1M
potassium hydroxidesolutioninplaceof0.1Msodium hydroxidesolution
Observation:

Colourofphenolphthaleinchangesfrom pinktocolourlessattheendpoint.
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Explanation
Likeother(mineral)acidsdilutesulphuric(VI)acidneutralizesbases/alkalistoa
sulphatesaltandwateronly.
Colouroftheindicatorusedchangeswhenaslightexcessofacidisaddedtothebase

attheendpoint
Chemicalequation:

2NaOH(aq)+ H2SO4(aq)--> Na2SO4(aq)+H2O(l)
OH-(s)+ H+(aq)--> H2O(l)

2KOH(aq)+ H2SO4(aq)--> K2SO4(aq)+H2O(l)
OH-(s)+ H+(aq)--> H2O(l)

2NH4OH(aq)+ H2SO4(aq)--> (NH4)2SO4(aq)+H2O(l)
OH-(s)+ H+(aq)--> H2O(l)

(iv)Hydrogensulphide(H2S)

(a)Occurrence
Hydrogensulphideisfoundinvolcanicareasasagasordissolvedinwaterfrom
geysersandhotspringsinactivevolcanicareasoftheworlde.g.OlkariaandHellsgate
nearNaivashainKenya.
Itispresentinrotteneggsandhumanexcreta.
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(b)Preparation

HydrogensulphideispreparedinaschoollaboratorybyheatingIron(II)sulphidewith
dilutehydrochloricacid.

(c)PropertiesofHydrogensulphide(Questions)
1.WritetheequationforthereactionfortheschoollaboratorypreparationofHydrogen
sulphide.
Chemicalequation:FeS(s)+2HCl(aq)->H2S(g)FeCl2(aq)

2.StatethreephysicalpropertiesuniquetoHydrogensulphide.
Hydrogensulphideisacolourlessgaswithcharacteristicpungentpoisonoussmellof
rotteneggs.Itissolubleincoldwaterbutinsolubleinwarm water.Itisdenserthan
waterandturnsbluelitmuspaperred.

3.Hydrogensulphideexistasadibasicacidwhendissolvedinwater.Usingachemical
equationshowhowitionizesinaqueousstate.

H2S(aq) -> H+(aq)+ HS-(aq)
H2S(aq) -> 2H+(aq)+ S2-(aq)

Hydrogensulphidethereforecanform bothnormalandacidsaltse.g
Sodium hydrogensulphideandsodium sulphidebothexist

4.Stateandexplainonegaseousimpuritylikelytobepresentinthegasjarcontaining
hydrogensulphideabove.

Hydrogen/H2
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Iron(II)sulphidecontainsIronasimpurity.Theironwillreactwithdilutehydrochloric
acidtoform iron(II)chlorideandproducehydrogengasthatmixeswithhydrogen
sulphidegas.
5.StateandexplaintheobservationsmadewhenafilterpaperdippedinLead(II)
ethanoate/Lead(II)nitrate(V)solutionisputinagasjarcontaininghydrogensulphide
gas.
Observations
MoistLead(II)ethanoate/Lead(II)nitrate(V)paperturnsblack.

Explanation
Whenhydrogensulphideisbubbledinametallicsaltsolution,ametallicsulphideis
formed.
Allsulphidesareinsolubleblacksaltsexceptsodium sulphide,potassium sulphide

andammonium sulphides.
HydrogensulphidegasblackensmoistLead(II)ethanoate/Lead(II)nitrate(V)paper.
ThegasreactswithPb2+inthepapertoform blackLead(II)sulphide.
ThisisthechemicaltestforthepresenceofH2Sotherthanthephysicalsmellofrotten
eggs.
Chemicalequations

Pb2+(aq) +H2S ->PbS +2H+(aq)
(black)

Fe2+(aq) +H2S ->FeS +2H+(aq)
(black)

Zn2+(aq) +H2S ->ZnS +2H+(aq)
(black)

Cu2+(aq) +H2S ->CuS +2H+(aq)
(black)

2Cu+(aq) +H2S ->Cu2S +2H+(aq)
(black)

6.Dryhydrogensulphidewasignitedasbelow.

(i)StatetheobservationsmadeinflameA
Hydrogensulphideburnsinexcessairwithablueflametoform sulphur(IV)oxidegas
andwater.
Chemicalequation: 2H2S(g) + 3O2(g)-> 2H2O(l)+ 2SO2(g)

Hydrogensulphideburnsinlimitedairwithablueflametoform sulphursolidand

FlameA

DryHydrogensulphide

gas
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water.
Chemicalequation: 2H2S(g) + O2(g) -> 2H2O(l)+ 2S(s)

7.Hydrogensulphideisastrongreducingagentthatisoxidizedtoyellowsolidsulphur
asprecipitate.Thefollowingexperimentsillustratethereducingpropertiesof
Hydrogensulphide.

(a)TurnsOrangeacidifiedpotassium dichromate(VI)togreen

Experiment:

(i)Passastream ofHydrogensulphidegasinatesttubecontainingacidified
potassium dichromate(VI)solution.or;

(ii)Dipafilterpapersoakedinacidifiedpotassium dichromate(VI)intoagasjar
containingHydrogensulphidegas.

Observation:
Orangeacidifiedpotassium dichromate(VI)turnstogreen.
Yellowsolidresidue.

Explanation:
Hydrogensulphidegasreducesacidifiedpotassium dichromate(VI)from orange
Cr2O7

2-ionstogreenCr3+ionsleavingayellowsolidresidueasitselfisoxidizedto
sulphur.

Chemical/ionicequation:
4H2S(aq)+ Cr2O7

2-(aq)+6H+(aq)->4S(aq)+2Cr3+(aq)+7H2O(l)

ThistestisusedfordifferentiatingHydrogensulphideandsulphur(IV)oxidegas.

Sulphur(IV)oxidealsoreducesacidifiedpotassium dichromate(VI)from orangeCr2O7
2-

ionstogreenCr3+ionswithoutleavingayellowresidue.

(b)Decolorizesacidifiedpotassium manganate(VII)

Experiment:

(i)Passastream ofSulphur(IV)oxidegasinatesttubecontainingacidifiedpotassium
manganate(VII)solution.or;

(ii)Dipafilterpapersoakedinacidifiedpotassium manganate(VII)intoagasjar
containingHydrogenSulphidegas.

Observation:
Purpleacidifiedpotassium manganate(VII)turnstocolourless/acidifiedpotassium
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manganate(VII)isdecolorized.
Yellowsolidresidue.

Explanation:
Hydrogensulphidegasreducesacidifiedpotassium manganate(VII)from purpleMnO4

-

ionstogreenMn2+ionsleavingaresidueasthegasitselfisoxidizedtosulphur.
Chemical/ionicequation:
5H2S(g)+ 2MnO4

-(aq)+6H+(aq)->5S(s)+2Mn2+(aq)+8H2O(l)
(purple) (colourless)

ThisisanothertestfordifferentiatingHydrogensulphideandSulphur(IV)oxidegas.
Sulphur(IV)oxidealsodecolorizesacidifiedpotassium manganate(VII)from purple
MnO4

-ionstocolourlessMn2+ionsleavingnoyellowresidue.

(c)Decolorizesbrominewater

Experiment:

(i)Passastream ofHydrogensulphidegasinatesttubecontainingbrominewater.or;

(ii)PutthreedropsofbrominewaterintoagasjarcontainingHydrogensulphidegas.
Swirl.

Observation:
Yellowbrominewaterturnstocolourless/brominewaterisdecolorized.
Yellowsolidresidue

Explanation:
Hydrogensulphidegasreducesyellowbrominewatertocolourlesshydrobromicacid
(HBr)leavingayellowresidueasthegasitselfisoxidizedtosulphur.

Chemical/ionicequation:
H2S(g) + Br2(aq) -> S(s) + 2HBr(aq)

(yellowsolution) (yellowsolid) (colourless)

ThisisanothertestfordifferentiatingHydrogensulphideandSulphur(IV)oxidegas.
Sulphur(IV)oxidealsodecolorizesacidifiedpotassium manganate(VII)from purple
MnO4

-ionstocolourlessMn2+ionsleavingnoyellowresidue.

(d)ReducesIron(III)Fe3+saltstoIron(II)saltsFe2+

Experiment:
(i)Passastream ofHydrogensulphidegasinatesttubecontainingabout3cm3of
Iron(III)chloridesolution.or;

(ii)Placeabout3cm3ofIron(III)chloridesolutionintoagasjarcontainingHydrogen
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sulphidegas.Swirl.

Observation:
Yellow/brownIron(III)chloridesolutionturnstogreen.
Yellowsolidsolid

Explanation:
HydrogensulphidegasreducesIron(III)chloridesolutionfrom yellow/brownFe3+ions
togreenFe2+ionsleavingayellow residue.Thegasisitselfoxidizedtosulphur.

Chemical/ionicequation:
H2S(aq) + 2Fe3+(aq) -> S(s)+ Fe2+(aq) +2H+(aq)

(yellowsolution)(yellowresidue) (green)

(e)ReducesNitric(V)acidtoNitrogen(IV)oxidegas
Experiment:

(i)Passastream ofHydrogensulphidegasinatesttubecontainingabout3cm3of
concentratednitric(V)acid.or;

(ii)Placeabout3cm3ofconcentratednitric(V)acidintoagasjarcontainingHydrogen
sulphidegas.Swirl.

Observation:
Brownfumesofagasevolved/produced.
Yellowsolidresidue

Explanation:
Hydrogensulphidegasreducesconcentratednitric(V)acidtobrownnitrogen(IV)oxide
gasitselfoxidizedtoyellowsulphur.

Chemical/ionicequation:
H2S(g)+2HNO3(l) -> 2H2O(l) +S(s) +2NO2(g)

(yellowresidue)(brownfumes)

(f)Reducessulphuric(VI)acidtoSulphur
Experiment:

(i)Passastream ofHydrogensulphidegasinatesttubecontainingabout3cm3of
concentratedsulphuric(VI)acid.or;

(ii)Placeabout3cm3ofconcentratedsulphuric(VI)acidintoagasjarcontaining
Hydrogensulphidegas.Swirl.

Observation:
Yellowsolidresidue
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Explanation:
Hydrogensulphidegasreducesconcentratedsulphuric(VI)acidtoyellowsulphur.

Chemical/ionicequation:
3H2S(g)+H2SO4(l) -> 4H2O(l) + 4S(s)

(yellowresidue)

(g)ReducesHydrogenperoxidetowater
Experiment:

(i)Passastream ofHydrogensulphidegasinatesttubecontainingabout3cm3of20
volumehydrogenperoxide.
Observation:
Yellowsolidresidue

Explanation:
Hydrogensulphidegasreduces20volumehydrogenperoxidetowateranditself
oxidizedtoyellowsulphur
Chemical/ionicequation:

H2S(g)+H2O2(l)-> 2H2O(l) + S(s)
(yellowresidue)

8.Namethesaltformedwhen:
(i)equalvolumesofequimolarhydrogensulphideneutralizessodium hydroxide
solution:

Sodium hydrogensulphide
Chemical/ionicequation:

H2S(g)+NaOH(l) -> H2O(l)+ NaHS(aq)

(ii)hydrogensulphideneutralizesexcessconcentratedsodium hydroxidesolution:
Sodium sulphide

Chemical/ionicequation:
H2S(g)+2NaOH(l) -> 2H2O(l) + Na2S(aq)

Practice
Hydrogensulphidegaswasbubbledintoasolutionofmetallicnitrate(V)saltsas

intheflowchartbelow

Hydrogensulphide

Blue

solution

Brownsolution
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(a)Nametheblacksolid Copper(II)sulphide

(b)Identifythecationresponsiblefortheformationof:
I.Bluesolution Cu2+(aq)
II.Greensolution Fe2+(aq)
III.Brownsolution Fe3+(aq)

(c)Usingacidifiedpotassium dichromate(VI)describehowyouwoulddifferentiate
betweensulphur(IV)Oxideandhydrogensulphide

-BubblethegasesinseparatetesttubescontainingacidifiedPotassium
dichromate(VI)solution.
-BothchangestheOrangecolourofacidifiedPotassium dichromate(VI)solution
togreen.
-Yellowsolidresidue/depositisformedwithHydrogensulphide

Chemical/ionicequation:
4H2S(aq)+ Cr2O7

2-(aq)+6H+(aq)->4S(aq)+2Cr3+(aq)+7H2O(l)
3SO3

2-(aq)+ Cr2O7
2-(aq)+8H+(aq)->3SO4

2-(aq)+2Cr3+(aq)+4H2O(l)

(d)Stateandexplaintheobservationsmadeifaburningsplintisintroducedatthe
mouthofahydrogensulphidegenerator.

ObservationGascontinuesburningwithablueflame
Explanation:Hydrogensulphideburnsinexcessairwithablueflametoform

sulphur(IV)oxidegasandwater.
Chemicalequation:2H2S(g)+3O2(g)->2H2O(l)+2SO2(g)

Blacksolid
Greensolution
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(v)Sulphate(VI)(SO4
2-)andSulphate(IV)(SO3

2-)salts
1.Sulphate(VI)(SO4

2-)saltsarenormalandacidsaltsderivedfrom Sulphuric(VI)acid
H2SO4.
2.Sulphate(IV)(SO3

2-)saltsarenormalandacidsaltsderivedfrom Sulphuric(IV)acid
H2SO3.
3.Sulphuric(VI)acidH2SO4isformedwhensulphur(VI)oxidegasisbubbledinwater.
Theacidexistasadibasicacidwithtwoionisablehydrogen.Itformsthereforethe
Sulphate(VI)(SO4

2-)andhydrogensulphate(VI)(HSO4
-)salts.

i.e.
H2SO4(aq)-> 2H+(aq)+SO4

2-(aq)
H2SO4(aq)-> H+(aq)+HSO4

-(aq)

AllSulphate(VI)(SO4
2-)saltsdissolveinwater/aresolubleexceptCalcium (II)sulphate

(VI)(CaSO4),Barium (II)sulphate(VI)(BaSO4)andLead(II)sulphate(VI)(PbSO4)
AllHydrogensulphate(VI)(HSO3

-)saltsexistinsolution/dissolvedinwater.Sodium (I)
hydrogensulphate(VI)(NaHSO4),Potassium (I)hydrogensulphate(VI)(KHSO4)and
Ammonium hydrogensulphate(VI)(NH4HSO4)existalsoassolids.
OtherHydrogensulphate(VI)(HSO4

-)saltsdonotexistexceptthoseofCalcium (II)
hydrogensulphate(VI)(Ca(HSO4)2)andMagnesium (II)hydrogensulphate(VI)(Mg
(HSO4)2).

4.Sulphuric(IV)acidH2SO3isformedwhensulphur(IV)oxidegasisbubbledinwater.
Theacidexistasadibasicacidwithtwoionisablehydrogen.Itformsthereforethe
Sulphate(IV)(SO3

2-)andhydrogensulphate(VI)(HSO4
-)salts.

i.e.
H2SO3(aq)-> 2H+(aq)+SO3

2-(aq)
H2SO3(aq)-> H+(aq)+HSO3

-(aq)

AllSulphate(IV)(SO3
2-)saltsdissolveinwater/aresolubleexceptCalcium (II)sulphate

(IV)(CaSO3),Barium (II)sulphate(IV)(BaSO3)andLead(II)sulphate(IV)(PbSO3)
AllHydrogensulphate(IV)(HSO3

-)saltsexistinsolution/dissolvedinwater.Sodium (I)
hydrogensulphate(IV)(NaHSO3),Potassium (I)hydrogensulphate(IV)(KHSO3)and
Ammonium hydrogensulphate(IV)(NH4HSO3)existalsoassolids.
OtherHydrogensulphate(IV)(HSO3

-)saltsdonotexistexceptthoseofCalcium (II)
hydrogensulphate(IV)(Ca(HSO3)2)andMagnesium (II)hydrogensulphate(IV)(Mg
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(HSO3)2).

5.Thefollowingexperimentsshowtheeffectofheatonsulphate(VI)(SO4
2-)and

sulphate(IV)(SO3
2-)salts:

Experiment:
Inacleandrytesttubeplaceseparatelyabout1.0gof:
Zinc(II)sulphate(VI),Iron(II)sulphate(VI),Copper(II)sulphate(VI),Sodium (I)sulphate
(VI),Sodium (I)sulphate(IV).Heatgentlythenstrongly.Testanygasesproducedusing
litmuspapers.

Observations:
-Colourlessdropletsofliquidformsonthecoolerpartsofthetesttubeinallcases.
-WhitesolidresidueisleftincaseofZinc(II)sulphate(VI),Sodium (I)sulphate(VI)and
Sodium (I)sulphate(IV).
-Colourchangesfrom greentobrown/yellowincaseofIron(II)sulphate(VI)
-Colourchangesfrom bluetowhitethenblackincaseofCopper(II)sulphate(VI)

-Bluelitmuspaperremainandblueandredlitmuspaperremainredincaseof
Zinc(II)sulphate(VI),Sodium (I)sulphate(VI)andSodium (I)sulphate(IV)
-BluelitmuspaperturnsredandredlitmuspaperremainredincaseofIron
(II)sulphate(VI)andCopper(II)sulphate(VI).

Explanation
(i)AllSulphate(VI)(SO4

2-)saltsexistashydratedsaltswithwaterofcrystallizationthat
condensesandcollectsoncoolerpartsoftesttubeasacolourlessliquidongentle
heating.e.g.

K2SO4.10H2O(s)-> K2SO4(s) + 10H2O(l)
Na2SO4.10H2O(s)-> Na2SO4(s) + 10H2O(l)
MgSO4.7H2O(s) -> MgSO4(s) + 7H2O(l)
CaSO4.7H2O(s) -> CaSO4(s) + 7H2O(l)
ZnSO4.7H2O(s) -> ZnSO4(s) + 7H2O(l)
FeSO4.7H2O(s) -> FeSO4(s) + 7H2O(l)
Al2(SO4)3.6H2O(s) -> Al2(SO4)3(s) + 6H2O(l)
CuSO4.5H2O(s) -> CuSO4(s) + 5H2O(l)

AllSulphate(VI)(SO4
2-)saltsdonotdecomposeonheatingexceptIron(II)sulphate(VI)

andCopper(II)sulphate(VI).
(i)Iron(II)sulphate(VI)decomposesonstrongheatingtoproduceacidicsulphur
(IV)oxideandsulphur(VI)oxidegases.Iron(III)oxideisformedasabrown/yellow
residue.
Chemicalequation

2FeSO4(s)-> Fe2O3(s) + SO2(g)+ SO3(g)
Thisreactionisusedfortheschoollaboratorypreparationofsmallamountof



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 287

sulphur(VI)oxidegas.
Sulphur(VI)oxidereadily/easilysolidifiesaswhitesilkyneedleswhenthemixtureis
passedthroughfreezingmixture/icecoldwater.
Sulphur(IV)oxidedoesnot.
(ii)Copper(II)sulphate(VI)decomposesonstrongheatingtoblackcopper(II)oxideand
Sulphur(VI)oxidegas.
Chemicalequation

2CuSO4(s)-> CuO(s) + SO3(g)
Thisreactionisusedfortheschoollaboratorypreparationofsmallamountof
sulphur(VI)oxidegas.

6.Thefollowingexperimentsshowthetestforthepresenceofsulphate(VI)(SO4
2-)and

sulphate(IV)(SO3
2-)ionsinasampleofasalt/compound:

Experiments/Observations:

(a)UsingLead(II)nitrate(V)

I.Toabout5cm3ofasaltsolutioninatesttubeaddfourdropsof
Lead(II)nitrate(V)solution.Preserve.

Observation Inference
Whiteprecipitate/ppt SO4

2-,SO3
2-,CO3

2-,Cl-ions

II.Tothepreservedsamplein(I)above,addsixdropsof2M nitric(V)acid.Preserve.

Observation1
Observation Inference
Whiteprecipitate/pptpersists SO4

2-,Cl-ions

Observation2
Observation Inference
Whiteprecipitate/pptdissolves SO3

2-,CO3
2-,ions

III.(a)Tothepreservedsampleobservation1in(II)above,Heattoboil.

Observation1

Observation Inference
Whiteprecipitate/pptpersistsonboiling SO4

2-ions

Observation2
Observation Inference
Whiteprecipitate/pptdissolvesonboiling Cl-ions
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.(b)Tothepreservedsampleobservation2in(II)above,add4dropsofacidified
potassium manganate(VII)/dichromate(VI).

Observation1
Observation Inference
(i)acidifiedpotassium
manganate(VII)decolorized
(ii)Orangecolourofacidifiedpotassium
dichromate(VI)turnstogreen

SO3
2-ions

Observation2
Observation Inference
(i)acidifiedpotassium manganate(VII)not
decolorized
(ii)Orangecolourofacidifiedpotassium
dichromate(VI)doesnotturnstogreen

CO3
2-ions

Experiments/Observations:
(b)UsingBarium(II)nitrate(V)/Barium(II)chloride

I.Toabout5cm3ofasaltsolutioninatesttubeaddfourdropsofBarium(II)nitrate(V)
/Barium(II)chloride.Preserve.

Observation Inference
Whiteprecipitate/ppt SO4

2-,SO3
2-,CO3

2-ions

II.Tothepreservedsamplein(I)above,addsixdropsof2M nitric(V)acid.Preserve.

Observation1
Observation Inference
Whiteprecipitate/pptpersists SO4

2-,ions

Observation2
Observation Inference
Whiteprecipitate/pptdissolves SO3

2-,CO3
2-,ions
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III.Tothepreservedsampleobservation2in(II)above,add4dropsofacidified
potassium manganate(VII)/dichromate(VI).

Observation1
Observation Inference
(i)acidifiedpotassium
manganate(VII)decolorized
(ii)Orangecolourofacidifiedpotassium
dichromate(VI)turnstogreen

SO3
2-ions

Observation2
Observation Inference
(i)acidifiedpotassium manganate(VII)not
decolorized
(ii)Orangecolourofacidifiedpotassium
dichromate(VI)doesnotturnstogreen

CO3
2-ions

Explanations

UsingLead(II)nitrate(V)
(i)Lead(II)nitrate(V)solutionreactswithchlorides(Cl-),Sulphate(VI)salts(SO4

2-),
Sulphate(IV)salts(SO3

2-)andcarbonates(CO3
2-)toform theinsolublewhiteprecipitate

ofLead(II)chloride,Lead(II)sulphate(VI),Lead(II)sulphate(IV)and
Lead(II)carbonate(IV).

Chemical/ionicequation:

Pb2+(aq) + Cl-(aq) -> PbCl2(s)
Pb2+(aq) + SO4

2+(aq)-> PbSO4(s)
Pb2+(aq) + SO3

2+(aq)-> PbSO3(s)
Pb2+(aq) + CO3

2+(aq)-> PbCO3(s)

(ii)Whentheinsolubleprecipitatesareacidifiedwithnitric(V)acid,
-Lead(II)chlorideandLead(II)sulphate(VI)donotreactwiththeacidandthus
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theirwhiteprecipitatesremain/persists.

-Lead(II)sulphate(IV)andLead(II)carbonate(IV)reactswiththeacidtoform
solubleLead(II)nitrate(V)andproduce/effervesces/fizzes/bubblesout
sulphur(IV)oxideandcarbon(IV)oxidegasesrespectively.

.Chemical/ionicequation:
PbSO3(s)+ 2H+(aq) -> H2O(l) + Pb2+(aq) + SO2(g)
PbCO3(s)+ 2H+(aq) -> H2O(l) + Pb2+(aq) + CO2(g)

(iii)WhenLead(II)chlorideandLead(II)sulphate(VI)areheated/warmed;

-Lead(II)chloridedissolvesinhotwater/onboiling(recrystallizesoncooling)

-Lead(II)sulphate(VI)donotdissolveinhotwaterthusitswhiteprecipitate
persists/remainsonheating/boiling.

(iv)Whensulphur(IV)oxideandcarbon(IV)oxidegasesareproduced;

-sulphur(IV)oxidewilldecolorizeacidifiedpotassium manganate(VII)and/or
Orangecolourofacidifiedpotassium dichromate(VI)willturnstogreen.
Carbon(IV)oxidewillnot.

Chemicalequation:
5SO3

2-(aq)+ 2MnO4
-(aq)+6H+(aq)->5SO4

2-(aq)+2Mn2+(aq)+3H2O(l)
(purple) (colourless)

3SO3
2-(aq)+ Cr2O7

2-(aq)+8H+(aq)->3SO4
2-(aq)+2Cr3+(aq)+4H2O(l)

(Orange) (green)

-Carbon(IV)oxideformsaninsolublewhiteprecipitateofcalcium carbonateif
threedropsoflimewaterareaddedintothereactiontesttubewheneffervescenceis
takingplace.Sulphur(IV)oxidewillnot.

Chemicalequation:
Ca(OH)2(aq)+ CO2(g) ->CaCO3(s)+H2O(l)

Thesetestsshouldbedoneimmediatelyafteracidifyingtoensurethegasesproduced
reactwiththeoxidizingagents/limewater.

UsingBarium(II)nitrate(V)/Barium(II)Chloride
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(i)Barium(II)nitrate(V)and/orBarium(II)chloridesolutionreactswithSulphate(VI)
salts(SO4

2-),Sulphate(IV)salts(SO3
2-)andcarbonates(CO3

2-)toform theinsoluble
whiteprecipitateofBarium(II)sulphate(VI),Barium(II)sulphate(IV)and
Barium(II)carbonate(IV).

Chemical/ionicequation:
Ba2+(aq) + SO4

2+(aq)-> BaSO4(s)

Ba2+(aq) + SO3
2+(aq)-> BaSO3(s)

Ba2+(aq) + CO3
2+(aq)-> BaCO3(s)

(ii)Whentheinsolubleprecipitatesareacidifiedwithnitric(V)acid,

-Barium (II)sulphate(VI)donotreactwiththeacidandthusitswhiteprecipitates
remain/persists.

-Barium(II)sulphate(IV)andBarium(II)carbonate(IV)reactswiththeacidtoform
solubleBarium(II)nitrate(V)andproduce/effervesces/fizzes/bubblesout
sulphur(IV)oxideandcarbon(IV)oxidegasesrespectively.

.Chemical/ionicequation:
BaSO3(s)+ 2H+(aq) -> H2O(l) + Ba2+(aq) + SO2(g)

BaCO3(s)+ 2H+(aq) -> H2O(l) + Ba2+(aq) + CO2(g)

(iii)Whensulphur(IV)oxideandcarbon(IV)oxidegasesareproduced;

-sulphur(IV)oxidewilldecolorizeacidifiedpotassium manganate(VII)and/or
Orangecolourofacidifiedpotassium dichromate(VI)willturnstogreen.
Carbon(IV)oxidewillnot.

Chemicalequation:
5SO3

2-(aq)+ 2MnO4
-(aq)+6H+(aq)->5SO4

2-(aq)+2Mn2+(aq)+3H2O(l)
(purple) (colourless)

3SO3
2-(aq)+ Cr2O7

2-(aq)+8H+(aq)->3SO4
2-(aq)+2Cr3+(aq)+4H2O(l)

(Orange) (green)

-Carbon(IV)oxideformsaninsolublewhiteprecipitateofcalcium carbonateif
threedropsoflimewaterareaddedintothereactiontesttubewheneffervescenceis
takingplace.Sulphur(IV)oxidewillnot.

Chemicalequation:
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Ca(OH)2(aq)+ CO2(g) ->CaCO3(s)+H2O(l)

Thesetestsshouldbedoneimmediatelyafteracidifyingtoensurethegasesproduced
reactwiththeoxidizingagents/limewater.

SummarytestforSulphate(VI)(SO4
2-)andSulphate(IV)(SO3

2-)salts

Practicerevisionquestion

1.Studytheflowchartbelowanduseittoanswerthequestionsthatfollow

Unknownsalt

Lead(II)nitrate(V)

WhiteprecipitatesofCl-,SO4
2

-,SO3
2-andCO3

2-

Dilutenitric(V)acid

whitepptdissolves

inSO3
2-andCO3

2-

whitepptpersist

/remainsinSO3
2-and

CO3
2-

AcidifiedKMnO4

decolorizedinSO3
2-

Whitepptwith
limewaterin
CO3

2-

AcidifiedKMnO4

K2Cr2O7/Lime
water

Whitepptdissolves
onheatinginCl-

Whitepptpersist
onheatingin
SO4

2-

Heattoboil

Sodium salt

solution

Whiteprecipitate

Barium nitrate(VI)

(VI)(aq)

AcidifiedK2Cr2O7
DiluteHCl
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(a)Identifythe:
I:Sodium saltsolution
Sodium sulphate(IV)/Na2SO3

II:Whiteprecipitate
Barium sulphate(IV)/BaSO3

III:GasG
Sulphur(IV)Oxide/SO2

IV:ColourlesssolutionH
Barium chloride/BaCl2

(b)Writeanionicequationfortheformationof:
I.Whiteprecipitate

Ionicequation Ba2+(aq) + SO3
2-(aq) -> BaSO3(s)

II.GasG
Ionicequation BaSO3(s)+2H+(aq)->SO2(g)+H2O(l)+Ba2+(aq)
III.Greensolutionfrom theorangesolution

3SO3
2-(aq)+ Cr2O7

2-(aq)+8H+(aq)->3SO4
2-(aq)+2Cr3+(aq)+4H2O(l)

(Orange) (green)

2. Studytheflowchartbelowandanswerthequestionsthatfollow.
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(i)Writeequationforthereactiontakingplaceat:

I.Theroastingfurnace (1mk)

2FeS2(s)+5O2(g) ->2FeO(s)+4SO2(g)

II.Theabsorptiontower (1mk)

H2SO4(l)+SO3(g) ->H2S2O7(l)

III.Thediluter (1mk)

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

(ii)ThereactiontakingplaceinchamberKis
SO2(g)+1/2O2(g) SO3(g)

I.ExplainwhyitisnecessarytouseexcessairinchamberK

ToensurealltheSO2reacts

II.NameanothersubstanceusedinchamberK

Vanadium(V)oxide

3.(a)Describeachemicaltestthatcanbeusedtodifferentiatebetweensodium
sulphate(IV)andsodium sulphate(VI).
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AddacidifiedBarium nitrate(V)/chloride.
Whiteprecipitateformedwithsodium sulphate(VI)
Nowhiteprecipitateformedwithsodium sulphate(IV)

(b)Calculatethevolumeofsulphur(IV)oxideformedwhen120kgofcopperisreacted
withexcessconcentratedsulphuric(VI)acid.(Cu=63.5,1moleofagasats.t.p
=22.4dm3)

Chemicalequation
Cu(s)+2H2SO4(l)->CuSO4(aq)+H2O(l)+SO2(g)
MoleratioCu(s:SO2(g)=1:1

Method1
1MoleCu=63.5g -> 1moleSO2=22.4dm3
(120x1000)g -> (120x1000)gx22.4.dm3)

63.5g

=42330.7087

Method2
MolesofCu= (120x1000)g=1889.7639moles

63.5
MolesSO2 = MolesofCu =1889.7639moles
VolumeofSO2=Molexmolargasvolume=(1889.7639molesx22.4)

=42330.7114
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(a)Identifythe:

(i)cationresponsibleforthegreensolutionT

Cr3+

(ii)possibleanionspresentinwhiteprecipitateR

CO3
2-,SO3

2-,SO4
2-

(b)NamegasV

Sulphur(IV)oxide

(c)WriteapossibleionicequationfortheformationofwhiteprecipitateR.

Ba2+(aq)+ CO3
2-(aq) ->BaCO3(s)

Ba2+(aq)+ SO3
2-(aq) ->BaSO3(s)

Ba2+(aq)+ SO4
2-(aq) ->BaSO4(s)
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A.CHLORINE

Chlorineisanon-metallicelementingroupVII(Group17)oftheperiodictable.Ithas
electronicconfiguration2:8:7.Itgainsonevalenceelectiontoform stableCl-ion,it
belongstothechemicalfamilyofhalogens.
Occurrence
-AsBrine-concentrationsodium chloridesolutiondissolvedinsaltyseaswater,oceans
andlakese.g.LakeMagadiinKenyaisverysalty.
-Asrock-saltsolidsodium chloridecrystalsintheearthscrustallovertheworld.
B)Preparation
Chlorinegasmaybepreparedintheschoollaboratoryfrom thefollowing:
a)HeatingsolidManganese(iv)OxideandConcentratedHydrochloricacid.
b)HeatingLead(IV)Oxideandconcentratedhydrochloricacid.
c)ReactingPotassium Manganate(VII)withconcentratedHydrochloricacid
d)ReactingPotassium /sodium Dichromate(VI)AcidwithConcentratedHydrochloric
acid.

Setupofschoollaboratorypreparationofchlorine.

c)Propertiesofchlorine.(Questions)
1.Whatisthecolourofchlorine?

Palegreen.
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2.Describethesmellofchlorine.
Pungentirritatingsmell.

3.Whatmethodisusedincollectionofchlorinegasexplain.
-Downwarddelivery.
-Chlorineis11/2denserthanair.

4.(i)Whatisthepurposeofconcentratedsulphuric(VI)acid.
-Todrythegas.

(ii)Nametwoothersubstancesthatcanbeusedinplaceofconcentratedsulphuric(VI)
acid.

-Calcium chloride
-Silicagel

(iii)Nameasubstancethatcannotbeusedinplaceofconcentratedsulphuric(VI)acid
explain.

-Calcium oxidereactswithchlorine.

5.(a)Writethreepossiblereactionsbetweenconcentratedhydrochloricacidandthe
oxidizingagents.

1.2KMnO4(s)+16HCl(aq)→ 2KCl(aq)+2MnCl2(aq)+8H2O(l)+5Cl2(g)

2.K2Cr2O7(s)+14HCl(aq)→ 2KCl(aq)+2CrCl3(aq)+7H¬2O(l)+3Cl2(g)

3.Na2¬Cr2O7(s)+14HCl(aq)→ 2NaCl(aq)+CrCl3(aq)+7H2O(l)+3Cl2(g)

4.PbO2(s)+4HCl(aq)→ PbCl2(aq)+Cl2(g)+2H2O(l)

5.MnO2(s)+4HCl(aq)→ MnCl2(aq)+Cl¬2(g)+2H2O(l)

(b)WhyisHydrochloricacidusedinalltheabovecases?
OxidizingagentsKMnO4/PbO2/MnO2/K2Cr2O/Na2Cr¬2O7readilyoxidizehydrochloric
acidtochlorinethemselvesreducedtotheirchlorides.
Generally:

2HCl(aq)+[O]→ Cl2(g)+H2O(l)
(From oxidizingagent)

6.Stateandexplaintheobservationmadewhenchlorineisbubbledinwater.
Observation

-Paleyellowcolourofchlorinefades.
-yellowsolutionformed.

Explanation
Chlorinedissolvesthenreactswithwatertoform yellowchlorinewater.Chlorinewater
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ischemicallyamixtureofhydrochloricacidandchloric(I)acid(hypochlorousacid).
Amixtureofhydrochloricacidandchloric(I)acid(hypochlorousacid)iscommonly

calledChlorinewater

Chemicalequation:
Cl2(g)+H2O(l)→ HCl(aq)+HClO(aq)

7.Chlorinewaterinaboilingtubeinvertedintoatroughwasexposedtosunlightfor
twohours.Usingawelllabeleddiagram showandexplaintheobservationsmade.

Chlorine(I)acidisanunstablecompound.
Aftertwohoursthechloric(I)acidinchlorinewaterdecomposestohydrochloric

acidandreleasesoxygengas.Thisreactiontakesplaceinsunlight.
Chemicalequation

2HOCl(aq)→ 2HCl(aq)+O2(g)

8.Stateandexplaintheobservationmadewhenchlorinegasisbubbledingasjar
containingdamp/wet/moistlitmuspapers.
Observation
Thebluelitmusturnsredthenboththered/bluelitmuspapersare
bleached/decolourized.
Explanation
Chlorinereactswithwaterinthelitmuspaperstoform acidichydrochloricacidand
chloric(l)acidthatturnsbluelitmuspapersred.
ChemicalEquation

Cl2(g) + H2O(l)→ HCl(aq)+HClO(aq)
Explanation
Unstablechloric(I)acidoxidizesthedye/coluredlitmuspapertocolourlessmaterial
ChemicalEquation

HClO(aq)+ dye → HCl(aq)+ (dye+O)
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(coloured) (colourless)
Or:
HClO(aq)+ dye-O → HCl(aq)+ dye

(coloured) (colourless)

NBChlorinedoesnotthereforebleach/decolourizedrylitmuspaper/dyebecause
chloric(I)acidcannotbeformedinabsenceofwater.

9.Bluelitmuspaperswereputinaflaskcontainingcolddilutesodium hydroxide.
Chlorinegaswasbubbledintothesolution.Stateandexplaintheobservationsmade.
Observation

bluelitmuspaperswerebleached/decolorized.
Palegreencolourofchlorinefades.

Explanation
-Sodium hydroxidereactswithchlorinetoform sodium chlorideandsodium
hypochlorite.Sodium hypochloritebleachesdyesbyoxidation.

ChemicalEquation
Cl2 +2NaOH(aq)→ NaCl(aq)+NaClO(aq)+H2O
NaClO(aq) + dye → NaCl(aq)+(dye+O)

(coloured) (Colourless)

NaClO(aq)+ (dye-O)→ NaCl(aq)+ dye
(Coloured) (Colourless)

10.Bluelitmuspaperswereputinflaskcontaininghotconcentratedsodium hydroxide.
Chlorinegaswasbubbledintothesolution.Stateandexplaintheobservationsmade.

Observation.
bluelitmuspaperswerebleached.
Palegreencolourofchlorinefades.

Explanation
Hotconcentratedsodium hydroxidereactswithchlorinetoform sodium chlorideand
sodium chloride(V).Sodium chlorate(V)bleachesbyoxidation.

Chemicalequation
2Cl2(g)+4NaOH(aq)→ 3NaCl(aq)+NaClO3(aq)+H2O(l)

NaClO3(aq)+3(dyes)→ NaCl(aq)+3(dye+O)
NaClO3(aq)+3(dyes-O)→ NaCl(aq)+3dyes
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NaClO3isalsoaweedkiller

11.Statethreemainuseofchlorinegas.
-Manufactureofpolyvinylchloride(P.V.C)//polychloroethenepipes.
-Manufactureofhydrochloricacidusedin“Pickling”ofmetals.
-Manufactureofbleachingagents
-Chlorinationofwatertokillgerms.

12.Thediagram belowshowstheeffectofchlorineonheatedironwool.
MethodI

MethodII

HEAT

Suction

pump

Chlorin

egas

Iron/Aluminiu

m

Aluminium(III)oxid

e/iron(III)oxide
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a)Identifyasuitabledryingagenttodrychlorinegas.
-Conc.H2SO4/Concentratedsulphuric(VI)acid.
-AnhydrousCalcium (II)Chloride.
-Silicagel

b)StateandexplaintheobservationsmadeincombustiontubeinmethodIandII
Observation

Ironglowsredhot
Browncrystalsareformed

Explanation
Ironreactswithchlorinetoform darkbrowncrystalsofiron(III)Chloride.
Thisreactionisexothermicandrequiresnofartherheatingoncestarted.

Iron(III)ChloridesublimesawayensuringtheunreactedIroncompletelyreactswith
chlorinegas.
Chemicalequation

2Fe(s) +3Cl2(g) → 2FeCl3(g)

c)(i)WhyisthebrownsolidcollectedatthepointasshowninmethodIandII.
-Heatediron(III)Chloridecrystalssublimetogasandsolidifyonthecoolerparts.

(ii)Nameanothermetalthatcanbeusedinplaceofirontoreactwithchlorineand
collectedatsimilarpointonheatingexplain.

MetalAluminum

Explanation
Aluminum reactswithchlorinetoform awhilesublimateofaluminum (III)chlorideat
thecoolerparts

Chemicalequation
2Al(s) + 3Cl2(g) → 2AlCl3(s/g)

d)Whatisthepurposeofsuctionpump?
Topullthegaseousproductsintothesetup.

e)Whatisthefunctionof:
(i)Sodium hydroxideinmethodII.Explain.

Concentrated

sodium/potassiu

m hydroxide.
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Toabsorbpoisonous/toxicexcessunreactedchlorinegas.
Sodium hydroxidereactswithchlorinetoform sodium chloride,Sodium hypochlorite
andwater.
Chemicalequation:

2NaOH(aq)+ Cl2(g)→ NaCl(aq)+ NaClO(aq)+ H2O(l)
2KOH(aq) + Cl2(g)→ KCl(aq) + KClO(aq) + H2O(l)

(ii)Anhydrouscalcium chloride/calcium oxideinmethodI.Explain.
Toabsorbmoisture/waterinthesetuptopreventitfrom hydrolyzingiron(III)
chloride/aluminium oxide.

Explanation
Iron(III)chlorideandAluminium chloridefumesandreactswithsmalltracesofwater
toform asolutionofiron(III)hydroxide/aluminium hydroxideandhydrogenchloride
gas.
Chemicalequation

FeCl3(s)+3HCl(aq)→ Fe(OH)3(aq)+3HCl(g)

AlCl3(s) +3HCl(aq)→ Al(OH)3(aq)+3HCl(g)

f)Basedone(i)and(ii)abovewhatprecautionshouldbemadein:
(i)methodIItoensurecorrectresults.

-TubeBshouldbecompletelydrytopreventhydrolysisofiron(III)Chlorideto
iron(III)hydroxide.

(ii)CarryingoutmethodI
-Shouldbedoneinafumechamberorintheopenbecausechlorinegasis
poisonous/toxic.

(g)NameanothersubstancethatcanbeusedplaceofSodium hydroxideinmethodI
Potassium hydroxide

(h)Calcium oxidecannotbeusedinplaceofcalcium chlorideduringpreparationof
chlorine.Explain.
Calcium oxideisabase.Itreacts/absorbswatertoform calcium hydroxide
solution.
Calcium hydroxidereactswithchlorinetoform amixtureofcalcium chlorideand
calcium hypochlorite.
Chemicalequation
2Ca(OH)2(aq)+2Cl2(g)→ CaCl2(aq)+CaOCl2(aq)+H2O(l)
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13.(a)Stateandexplaintheobservationmadewhenapieceofburningmagnesium
ribbonisloweredinagasjarcontainingchlorinegas.
-Magnesium ribboncontinuesburningwithabrightflame.
-Whitesolidformed.
-Paleyellowcolourofchlorinefades

Explanation:
Magnesium reactswithchlorineformingawhitesolidofmagnesium chloride.

Chemicalequation
Mg(s) + Cl2(g)→ MgCl2(s)

(b)Writetheequationforthereactionthattakesplaceifzincisused.

Zn(s)+ Cl2(g)→ ZnCl2(s)

14.Burningphosphoruswasloweredinagasjarcontainingchlorinegas.
a)Statetheobservationsmade.

-Phosphoruscontinuestoburn.
-Densewhitefumesformed.
-Palegreencolourofchlorinefades.

b)Writetwopossibleequationsthattakeplace.
P4(s)+ 6Cl2(g) → 4PCl3(s)
P4(s)+ 10Cl2(g)→ 4PCl3(s)

(c)Statetworeasonswhythedeflagratingspoonwithrid/covershouldbeused.
-Chlorineinthegasjarispoisonous/toxic.
-Burningphosphorusproducespoisonous/toxicphosphorus(III)chloride//
phosphorus(V)chloride.
-Ensurethereactionisnotaffectedbyair/oxygenfrom theatmosphere.

(d)Afterthereactioniscomplete,2cm3ofdistilledwaterwereadded.Thesolution
formedwastestedwithbothblueandredlitmuspapers.
(i)Statetheobservationsmade.

-Bluelitmuspaperturnsred
-Redlitmuspaperremainred

(ii)Explaintheobservationmadeind(i)above
-Phosphoric(V)Chloridehydrolyzeinwatertophosphoric(V)acidandproduce
hydrogenchloridegas.Bothhydrogenchlorideandphosphoric(V)acidare
acidic.
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Chemicalequation
PCl5(l)+ 4H2O(l) → H3PO4(aq) + 5HCl(g)

15.Stateandexplaintheobservationsmadewhengasjarcontainingchlorineis
invertedoveranothercontaininghydrogensulphidegas.

Observation
Yellowsolidformed.
Palecolourofchlorinefades

Explanation
Chlorineoxidizeshydrogensulphidetosulphuritselfreducedtohydrogen

chloridegas.Alittlewatercatalyzesthereaction.
Chemicalequation

H2S(g) + Cl2(g) → S(s) + HCl(g)
(yellowsolid) (WhiteFume)

16.Chlorinewasbubbledinaqueousammoniasolutioninabeakerstateandexplain
theobservationmade.

Observation:
Whitefumesevolved.
Palegreencolourofchlorinefades.

Explanation
Chlorinereactswithammoniagastoform adensewhitefumeofammoniachloride
andNitrogengasisproduced.

Chemicalequation
8NH3(g) + 3Cl2(g)→ 6NH4Cl(s) + N2(g)

17.(a)Drygaswasbubbledincolddilutesodium hydroxidesolution.Explainthe
observationsmade:

Observation
Palegreencolourofchlorinefades.
Paleyellowsolutionisformed.

Explanation
Chlorinereactswithhotconcentratedsodiumsodium hydroxide/Potassium
hydroxidesolutiontoform paleyellowsolutionofmetalchlorate(V)and
chloridesofthemetal

Chemicalequation
Cl2(g) +2NaOH → NaClO(aq) +NaCl(aq)+H2O(l)

(sodium hydroxide)(Sodium Chlorate(I))
Cl2(g) +2KOH → KClO(aq) + NaCl(aq)+H2O(l)

(Potassium hydroxide)(Potassium Chlorate(I))
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(b)Theexperimentin17(a)wasrepeatedwithhotconcentratedsodium hydroxide
solution.Explaintheobservationmade.
Observation

Palegreencolourofchlorinefades.
Paleyellowsolutionisformed.

Explanation
ChlorinereactswithhotconcentratedSodium hydroxide/Potassium hydroxide

solutiontoform paleyellowsolutionofmetalchlorate(v)andchloridesof
metals.

Chemicalequation
3Cl2(g)+6NaOH(aq) → NaClO3(aq) + 5NaCl(aq)+3H2O(l)

(Sodium hydroxide)(Sodium Chlorate(V))

3Cl2(g)+6KOH(aq) → KClO3(aq) + 5KCl(aq)+3H2O(l)
(Potassium hydroxide)(Potassium Chlorate(V))

Theproductsformedwhenchlorinereactswithalkalisdependthuson
temperatureandtheconcentrationofalkalis.

(c)(i)Writetheequationfortheformationofcalcium chlorite(I)andcalcium
chlorate(V).

2Ca(OH)2(aq)+ 2Cl2(g)→ CaCl2(aq)+CaOCl2(aq) +H2O(l)
(Calcium hydroxide) (Calcium Chlorate(I))

(Cold/dilute)
Ca(OH)2(aq)+Cl2(g) → CaCl2(aq) + Ca(ClO3)2(aq)+H2O(l)

(Calcium Chlorate(V))
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B:THEHALOGENS

a)Whatarehalogens?
TheseareelementsingroupVIIoftheperiodictable.Theyinclude:

Element SymbolAtomic
number

Electric
configuration

Charge
ofion

Valency Stateat
Room
Temperature

Fluorine

Chlorine

Bromine

Iodine

Astatine

F

Cl

Br

I

At

9

17

35

53

85

2:7

2:8:7

2:8:18:7

2:8:18:18:7

2:8:18:32:18:7

F-

Cl-

Br-

I-

At-

1

1

1

1

1

Paleyellow
gas
Palegreen
gas
Redliquid

GreySolid

Radioactive
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b)Comparetheatomicradiusandionicradiusofchlorideionandchlorine.Explain.
Theradiusofchlorineissmallerthantheionicradiusothechlorideion.
Effectivenucleusattractiononouterenergylevelinchlorideionislessthan
chlorineatom becauseofextragainedelectrongainedelectronthatrepelledthus
causestheouterenergyleveltoexpand/increase.

c)ComparetheatomicradiusofchlorineandfluorineExplain.
AtomicradiusofFluorineissmallerthanthatofchlorine.
Chlorinehasmoreenergylevelsthanfluorineoccupiedbymoreelectrons.

d)Chlorineisagas,Bromineisaliquid,Iodineisasolid.Explaintheabove
observations.
-Bromine,Chlorineandiodineexistsasdiatomicmoleculesbondedbystrong
covalentbond.Eachmoleculeisjoinedtotheotherbyweakintermolecular
forces/Van-der-waalsforces.

-Thestrengthofintermolecular/Van-der-waalsforcesofattractionincreasewith
increaseinmolecularsize/atomicradius.Iodinehasthereforethelargestatomic
radiusandthusstrongestintermolecularforcestomakeitasolid.

e)(i)Whatiselectronegativity?
Electronegativityisthetendency/easeofacquiring/gainingelectronsbyan
elementduringchemicalreaction.
ItismeasuredusingPauling’sscale.
FluorinewithPaulingscale4.0isthemostelectronegativeelementinthe

periodictableandthusthehighesttendencytoacquire/gainextraelectron.

(ii)Thetablebelowshowstheelectronegativityofthehalogens.

Halogen F Cl Br I At
Electronegativity(Pauling’s
scale)

4.0 3.0 2.8 2.5 2.2

Explainthetrendinelectronegativityofthehalogens.
Decreasedownthegroupfrom fluorinetoAstatine
Atomicradiusincreasedownthegroupdecreasingelectron–attractingpower
downthegroupfrom fluorinetoastatine.

(f)(i)Whatiselectronaffinity
Electronaffinityistheenergyrequiredtogainanelectroninanatom ofan
elementinitsgaseousstate.
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(ii)Studythetablebelowshowingtheelectionaffinityofhalogensfortheprocess

x + e → x-

(iii)Explainthetrendinelectronaffinityofthehalogens.
-Decreasedownthegroup
-Atomicradiusofhalogensincreasedownthegroupthusincoming/gained
electronisattractedlessstronglybytheprogressivelylargeratomswitha
decreasingeffectivenuclearchargeonouterenergylevel

(iv)WhichisamovestableionCl-orBr-explain?
-Cl-ion.
-Hasamorenegative/exothermicelectronaffinitythanBr-

(v)Differentiatebetweenelectronaffinityand:
I.Ionizationenergy.

Ionizationenergyistheenergyrequiredtolose/donateanelectroninanatom
ofanelementinitsgaseousstatewhileelectronaffinityistheenergyrequired
togain/acquireextraelectronbyanatom ofanelementinitsgaseousstate.
Botharemeasuredinkilojoulespermole.

II.Electronegativity.

-Electronaffinityistheenergyrequiredtogainanelectroninanatom ofan
elementingaseousstate.Itinvolvestheprocess:

X(g) +e→ X-(g)

Electronegativityistheease/tendencyofgaining/acquiringelectronsbyan
elementduringchemicalreactions.
ItdoesnotinvolveuseofenergybuttheoreticalarbitraryPauling’sscaleof
measurements.

(g)(i)5cm3ofsodium chloride,Sodium bromideandSodium iodidesolutionswereput
separatelyintesttubes.5dropsofchlorinewaterwasaddedtoeachtesttube:
stateandexplaintheobservationmade.

Halogen F Cl Br I
ElectronaffinitykJmole-1 -333 -364 -342 -295
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Observation
Yellowcolourofchlorinewaterfadesinalltesttubesexpectwithsodium

chloride.
-ColouredSolutionformed.

Explanation
Chlorineismoreelectronegativethanbromineandiodine.Onaddingchlorine

water,bromineandIodinearedisplacedfrom theirsolutionsbychlorine.

(ii)Theexperimenting(i)wasrepeatedwith5dropsofbrominewaterinsteadof
chlorinewater.explaintheobservationmade.

Observation

Yellowcolourofbrominewaterfadesintesttubecontainingsodium iodide.
-Brownsolutionformedintesttubecontainingsodium iodide

Explanation
Bromineismoreelectronegativethaniodidebutless6thanchlorine.

OnaddingBrominewater,iodidedisplacedfrom itssolutionbutnotchlorine.

(iii)Usingtheknowledgeing(i)and(ii)above,
I.Completethetablebelowusing(X)toshownoreactionand(√)toshowa

reaction.

Halideion
Halogen
ionin

solution
Halogen

F- Cl- Br- I-

F2 X √ √ √

Cl2 X X √ √

Br2 X X X √

I2 X X X √
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Writeanionicequationforthereactionwherethereis(V)
F2(g)+ 2Cl-

(aq) ->2F-
(aq) + Cl2(g)

F2(g)+ 2Br-
(aq)->2F-

(aq) + Br2(aq)

F2(g)+ 2I-
(aq) ->2F-

(aq) + I2(aq)

Cl2(g)+ 2Br-
(aq) ->2Cl-

(aq) + Br2(aq)

Cl2(g)+ 2I-
(aq) ->2Cl-

(aq) + I2(aq)

Br2(aq)+ 2I-
(aq)- ->2Br-

(aq) + I2(aq)

(h)Stateoneusesof:
(i)Fluorine

ManufactureofP.T.F.E(Polytetrafluoroethene)syntheticfiber.
Reducetoothdecaywhenaddedinsmallamounts/equationsintoothpaste.

Note:largesmallquantitiesoffluorine/fluorideionsinwatercausebrowningof
teeth/flourosis.

Hydrogenfluorideisusedtoengravewordpicturesinglass.

(ii) Bromine
Silverbromideisusedtomakelightsensitivephotographicpaper/films.

(iii) Iodide
Iodinedissolvedinalcoholisusedasmedicinetokillbacteriainskincuts.Itis
calledtinctureofiodine.

(i)Thetablebelowtoshowsomecompoundsofhalogens.

Element
Halogen

H Na Mg Al Si C P

F HF NaF MgH2 AlF3 SiF4 CF4 PF3

Cl HCl NaClMgCl AlCl3 SiCl3 CCl4 PCl3

Br HBr NaBr MgBr2 AlBo3 SiBr4 CBr4 PBr3

I Hl Nal Mgl2 All3 SiL4 Cl2 Pb3
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(j)(i)Usingdot(.)andCross(x)torepresentelectrons,show
thebondinginchlorinemolecule.

(ii)Namethetypeofbondformed.
Covalent.

(iii)Belowisthetableshowingthebondenergyoffourhalogens.
Bond BondenergykJmole-1

Cl-Cl 242
Br-Br 193

I-I 151

I.Whatdoyouunderstandbytheterm “bondenergy”
Bondenergyistheenergyrequiredtobreak/form onemoleofchemicalbond

II.ExplainthetrendinbondEnergyofthehalogensabove:
-Decreasedownthegroupfrom chlorinetoIodine
-Atomicradiusincreasedownthegroupdecreasingtheenergyrequiredtobreak
thecovalentbondsbetweenthelargeratom withreducedeffectivenuclear
chargeanouterenergylevelthattakepartinbonding.

(k)Somecompoundsofchlorineareinthetablebelowtheoxidationstateofchlorine
ineachcompound.
Compound Oxidationstate Nameofcompound
NaClO3 +5 Sodium chlorate(V)
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ClO2 +4 Chloric(IV)oxide
KClO2 +3 Potassium chlorate(III)
NaClO +1 Sodium Chlorite(I)
Cl2 0 ChlorineMolecule
NaCl -1 Sodium Chloride(I)
MgCl2 -1 Magnesium Chloride(I)

C.HYDROGENCHLORIDE

a)Occurrence
HydrogenChloridedoesnotoccurfreeintheatmosphereorinnature
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b)Preparation
Hydrogenchloridemaybepreparedintheschoollaboratorybyreactingsolid
sodium/potassium chloridecrystalswithconcentratedsulphuric(Vi)acidasinthe
setupbelow.

c)Propertiesofhydrogenchloridegas(questions)

1.Whatprecautionsshouldbetakenwhenhandlingconcentratedsulphuricacid?
Explain.

-Wearprotectiveclothing/glovestoavoidaccidentalcontactwithskin.
-Concentratedsulphuric(VI)acidishighlycorrosive-itcausespainfulwounds
whenincontactwithskin.

2.Whatmethodofgascollectionisused?Explain.
-Downwarddelivery//upwarddisplacementofwater
-Hydrogenchlorideisdenserthanair.

3.a)Writetheequationforthereactionthattakesplace.
NaCl(s)+H2SO4(l)->NaHSO4(aq)+HCl(g)
KCl(s)+H2SO4(l)->KHSO4(aq) +HCl(g)

NaCliscommonlyusedbecauseitischeaperthanKCl

b)Whatpropertyofconcentratedsulphuric(VI)acidisusedduringtheabove
reaction

-istheleastvolatilemineralacid,thusdisplacethemorevolatilehydrogenchloride
from itssalt(KCl/NaCl)
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d)i)Whatisthepurposeofconcentratedsulphuric(VI)acid.
-Dryingagent/todrythegas.

ii)Whatpropertyofconcentratedsulphuric(VI)acidisusedduringtheaboveuse.
-Ishygroscopic–absorbswaterbutdonotform solution.

iii)Nameanothersubstancewhichcanbeusedtodrychlorinegas.
-anhydrousCalcium chloride
-silicagel

iv)Usingachemicalequation,explainwhyanhydrouscalcium oxidecannotbe
usedinflaskB

-Calcium oxidereactswithwater/moisturetoform calcium hydroxide.
Thecalcium hydroxideformedreactswithchlorinetoform calcium
hypochlorite.

Chemicalequations:
CaO(s)+2H2O(l)-> Ca(OH)2(aq)+H2O(l)
Ca(OH)2(aq)+Cl2(g)->CaOCl2(aq)+H2O(l)

ThisreducestheamountofChlorineproduced.

d)Blueandredlitmuspapersweredippedinthehydrogenchloridepreparedabove.
TheProcedurewasrepeatedwithdamp/wet/moistlitmuspapers.Explainthe
differencesinobservationsmade.

-Drybluelitmuspapersremainblue
-Dryredlitmuspapersremainred
-Damp/moist/wetbluelitmuspapersturnred
-Damp/moist/wetredlitmuspaperturnsred.

-Dryhydrogenchlorideisamolecularcompoundthatisjoinedbycovalentbonds
betweentheatoms.Thegasispolarthusdissolvesinwaterandionizecompletely
tofreeH+thatareresponsibletoturningbluelitmuspaperred.

e)Dryhydrogenchloridegaswasbubbledintwoseparatelybeakerscontainingwater
andinmethylbenzene.

(i)Classifythetwosolventsaseither“polar”or“non-polar”
Water–polar
Methylbenzene–non-polar

(ii)Stateandexplaintheobservationsmadeinthebeakercontaining:
(i)Methylbenzene
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Colouroflitmussolutionremain.
Hydrogenchlorideisamolecularsubstance.Whendissolvedinnon-polarsolvent,it

doesnotdissociate/ionizetoreleaseH+ionsthatchangesthecolouroflitmus
solution.

(ii)Water
Colouroflitmussolutionchangetored.
Hydrogenchlorideisamolecularsubstance.Whendissolvedinpolarsolventlikewater,
itdissociate/ionizetoreleaseH+ionsthatchangeslitmussolutiontored.

(iii)Whyshouldaninvertedfilterfunnelbeusedtodissolvehydrogenchloride.
-Thefilterfunnelisdippedjustbelowthewatersurfacetoincreasethesurface
areaofdissolvingthegasandpreventsuckback.

(iv)Namethesolutionformedwhenhydrogenchloridedissolvesinwater.
Hydrochloricacid

(f)Describethetestforpresenceofhydrogenchloridegas.
-Dipaglassrodinammonia.Bringittothemouthofagasjarcontainingagas
suspectedtobehydrogenchloride
-Whitefumesofammoniachlorideareformed.

(g)Place5cm3ofdilutehydrochloricacidintoafourseparatetesttubes.Toseparate
testtubeaddzinc,magnesium ironandcoppermetals.Stateandexplainthe
observationsmade.
Observation

–Effervescence/bubbles/fizzinginallcasesexceptcopper
-Colourlesssolutionformedwithzincandmagnesium.
-Greensolutionformedwithion.
-Gasproducedthatextinguishessplintwithexplosion.

Explanation
Metalsabovehydrogeninreactivityseriesreactwithhydrochloricandliberating

hydrogengas.
ChemicalEquation:

Concentratedhydrochloricacidisaweakoxidizingagentthanotherconcentrated
acidsi.eSulphuric(VI)acidandnitric(V)acidthatreactwithallmetalseventhose
lowerinthereactivityseries.

(h)Place5cm3ofdilutehydrochloricacidintofiveseparatetesttubes.Toseparate
testtubes,addcalcium carbonate,silvercarbonate,coppercarbonate,iron(II)
carbonateandSodium hydrogencarbonate.Explaintheobservationsmade.
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Observation
Effervescence/bubbles/fizzingvigorouslyexceptinsilvercarbonateandlead(II)
carbonatethatstoplater.

-Colourlesssolutionformedexceptwithiron(II)carbonateandcopper(II)
carbonate

-Greensolutionformedwithiron(II)carbonate
-Bluesolutionformedwithcopper(II)carbonate

Explanation.
Carbonatesandhydrogencarbonatereactwithdilutehydrochloricacidto

producecarbon(IV)oxide,waterandform chlorides.
AllchloridesformedaresolubleExceptLead(II)Chloride(solubleon
heating/warming)andsilverchloride.

Chemicalequation:
CaCO3(s)+2HCl(aq)→ CaCl2(aq)+H2O(l)+CO2(g)

(Colourlesssolution)

Chemicalequation:
Ag2CO3(s)+2HCl(aq)→ AgCl(s) + H2O(l) +CO2(g)

(Coats/CoverAg2CO3)

Chemicalequation:
CuCO3(s)+2HCl(aq)→ CuCl2(aq)+H2O(l)+CO2(g)

(BlueSolution)

Chemicalequation:
FeCO3(s)+2HCl(aq)→ FeCl2(aq)+H2O(l)+CO2(g)

Chemicalequation:
NaHCO3(s)+HCl(aq)→ NaCl(aq)+H2O(l)+CO2(g)

(I)Place5cm3ofdilutesodium hydroxide,Potassium hydroxideandaqueous
ammoniasolutionintothreeseparatetesttubes.Addonedropofphenolphthalein
indicatordropwise,adddilutehydrochloricacid.Explaintheobservationsmade.
Observation
ColourofPhenophthaleinindicatorchangefrom pinktocolourless.
Explanation
Hydrochloricacidneutralizesalkalistosaltandwater
Whenallthealkalihasreactedwiththeacid,Anextraslightexcessacidturnsthe

indicatorusedtocolourless.
Chemicalequation:

NaOH(aq)+HCl(aq)→ NaCl(aq)+H2O(l)
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Chemicalequation:
KOH(aq)+HCl(aq)→ KCl(aq)+H2O(l)

Chemicalequation:
NH4OH(aq)+HCl(aq)→ NHaCl(aq)+H2O(l)

(j)Place5cm3ofhydrochloricacidintofourseparatetesttubetubesSeparatelyadd
about1gofeachofcopper(II)Oxide,Zinc(II)Oxide,Lead(II)Oxide<Calcium (II)
Oxide.Whathappenstoeachtesttube?Explain.

Observation:
AllSoliddissolvesexceptLead(II)Oxide
ColourlesssolutionformedwithzincOxideandcalcium (II)Oxidebluesolution

formedwithcopper(II)Oxide.

Explanation:
Metaloxidesdissolvesindilutehydrochloricacidtoform waterandchloridesalt

InsolubleLead(II)chlorideandsilverchlorideonceformedcover/coatunreacted
oxidesstoppingfurtherreaction.

Chemicalequation:CuO(s)+HCl(aq)→ CaCl2(aq)+H2O(l)

Chemicalequation:CaO(s)+HCl(aq)→ CaCl2(aq)+H2O(l)

Chemicalequation:PbO(s)+2HCl(aq)→ PbCl2(aq)+H2O(l)

Chemicalequation:ZnO(s)+HCl(aq)→ ZCl2(aq)+H2O(l)

(k)ManufactureofHydrochloricacid.

(i)RawMaterials
1.Hydrogen

(i)DuringelectrolysisofBrinefrom theflowingmercury-cathodecell
duringthemanufactureofsodium hydroxidesolution.

(ii)From watergasbypassingsteam inheatedcharcoal.
C(s)+H2O → CO(g)+H2(g)

(iii)From partialoxidationofnaturalgas/methane
CH4(g)+O2(g)→ CO(g)+3H2(g)

2.Chlorine
(i)From electrolysisoffused/solidsodium chlorideinthedownsprocess
duringextractionofsodium
(ii)From electrolysisofbrine/concentratedsodium chloridesolutioninthe
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flowingmercury-cathodeduringthemanufactureofsodium hydroxide
solution.

(ii)Chemicalprocesses.
-Hydrogenandchlorinegasesareseparatelypassedthroughconcentrated

sulphuric(VI)acidtoactasadryingagent.
-Smallamountofpurehydrogeniscontinuouslyignitedinachamberwith

continoussupplyofpuredrychlorine.
Largeamountofhydrogenexplodes.

-Hydrogenburnsinchlorinetoform hydrogenchloridegas.
ChemicalEquation

H2(g)+ Cl(g)→ 2HCl(g)

-Thehydrogenchlorideproducedisthenpasseduptomeetadownwardflow
ofwaterintheabsorbtionchambers.Hydrogenchlorideisverysolublein
wateranddissolvestoform 35%concentratedhydrochloricacid.
ChemicalEquation

HCl(g) + (aq) → HCl(aq)

Theabsorptionchamberisshelvedandpackedwithbrokenglassbeadsto
(i)Slowdownthedownwardflowofwater.
(ii)Increasesurfaceareaoverwhichthewaterdissolves

Thehydrochloricacidisthentransportedinsteeltankslinedwithrubberfor
market

(iii)UsesofHydrochloricAcid
- TostandardizethepHof(alcoholandwines)
- Regeneratingion-exchangeresinduringremovalofhardnessofwater.
- Picklingofmetalstoremoveosidelayersontheirsurfaces.
- Inthemanufactureofdyesanddrugs.
- Makingzincchlorideformakingdrycells.

(iv)Diagram ShowingIndustrialmanufacture.

BurningHydrogengas
Absorbtion
chamber

Coldwater

35%Conc.

HCl
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(ii)EnvironmentaleffectsofmanufacturingHCl.

-Hydrochloricacidisacidic.Anyleakagefrom amanufacturingplanttonearby
rivers/lakecausesexessaciditythatlowerspHofwaterkillingmarinelife.

-Hydrogenchlorideleakageintoatmospheredissolvestoform “acidicrain”that
acceleratecorrosioninbuildings,Breathingproblemstohumanbeingsandkill
faunaandfloraaroundthepaint.

-Chlorineleakagecausesbreathingandsightproblemstohumanbeing.It
acceleratesbleachingofdyedmetals.

-Hydrogenleakagecancauseanexplosionbecauseimpurehydrogenexplodeson
ignition.

(ii)Factorsconsideredinsettinghydrochloricacidmanufacturingplant.

1.Nearnesstothemanufacturingofsodium hydroxidebecausethebyproducts
ofelectrolysisofbrinearetherawmaterialsforhydrochloricacidplant.

2.Availabilityofnaturalgasforextractionofhydrogen.
3.Nearness/Availabilityofwatertodissolvethehydrogenchloridegas.
4.Availabilityoflabour,market,capitalandgoodmeansoftransport.

DryHydrogengas

Dry
chlorine
gas



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 322

D:CHLORIDE(Cl-)SALTS

(a)Occurrence.

1.Chloridesaresaltsderivedfrom hydrochloricacid.Hydrochloricacidisa
monobasic(HX)saltwithonlyoneionazable/replaceable“H”initsmolecule.
Allchloridesarethereforenormalsalts.

2.Allmetalsexistaschloridesaltexceptplatinum andgoldasbelow

Metal K Na Li Mg Ca Al Zn Fe Pb H. Cu Ag Hg

Formula
of
chloride

KCl NaCl LiCl MgCl2 CaCl2 AlCl3 ZnCl2 FeCl2

FeCl3

PbCl
PbCl4

HCl CuCl
CuCl2

AgCl Hg2Cl2

HgCl2

(i)BothFeCl2andFeCl3existsbutFeCl2isreadilyoxidizedtoFeCl3because
itismorestable.

(ii)PbCl2andPbCl4existbutPbCl4isonlyoxidizedtoform PbCl2byusing
excesschlorine.Itislessstable.
(iii)CuClandCuCl2existsbutCuCl¬2is(thermodynamically)morestable

thanCuCl.CuCldisproportionatetoCuandCuCl2..

(iv)HgClandHgCl2existsasmolecularcompounds.

3.Allchloridesaresoluble/dissolvesinwaterexceptsilverchloride(AgCl),
Copper(I)chlorideCuCl,Mercury(I)ChlorideHg2Cl2andLead(II)Chloride
PbCl2thatdissolvesinwarm water.

4.Mostchloridesareverystablecompounds.Theydonotdecomposeongentle
orstrongbunsenburnerheatinginaschoollaboratoryexceptAmmonium
Chloride.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 323

5.Heatingammonium chloride

Placeabout2gofsolidammonium chloridecrystalsinacleandryboilingtube.Heat
gentlythenstrongly.

Observation
-redlitmuspaperturnblue
-bluelitmuspaperremainsblue

Thenlater:
-bothbluelitmuspapersturnred

Explanation:
Ammonium chlorideonheatingdecomposesthroughchemicalsublimationto
ammoniaandhydrogenchloridegas.Ammoniagasislessdensethanhydrogen
chloride.Itisabasicgasanddiffusesoutfastertoturnredlitmuspapertoblue.
Hydrogenchlorideisanacidicgas.Itisdenserthanammoniagasandthusdiffuses
slowerthanammoniagastoturnthealreadybothbluelitmuspapertored.
Chemicalequation

NH4Cl(s) -> HCl(g) + NH3(g)
(acidicgas) (basic/alkalinegas)

(b)TestforCl-ions
1.ThefollowingexperimentshowsthetestforthepresenceofCl-ionsinsolids

chloridesalts.

(a)Procedure:
Placeabout1gofsodium chloride,Zincchlorideandcopper(II)chloridein
separateboilingtubes.Placemoistblueandredlitmuspapersonthemouthof
thetesttube.Carefully,addthreedropsofconcentratedsulphuric(VI)acid.
Dipaglassrodinaqueousammoniasolutionthenbringittothemouthofthe
boilingtube.

observation inference
-redlitmuspaperremainred
-bluelitmuspaperturnred

-vigorouseffervescence/fizzing
/bubbling

-whitefumesproducedon

H+ions

Cl-ions

HClgassuspected
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(b)Explanation:
Concentratedsulphuric(VI)acidisthelessvolatilemineralacid.
Itvigorouslydisplaceschlorineinmetalchloridestoevolveacidichydrogenchloride
gasfumes.
Chemicalequation

NaCl(s)+H2SO4(l) ->NaHSO4(aq)+HCl(g)
KCl(s) +H2SO4(l) ->KHSO4(aq) +HCl(g)
CuCl2(s)+H2SO4(l) ->CuSO4(aq) +2HCl(g)
ZnCl2(s)+H2SO4(l) ->ZnSO4(aq) +2HCl(g)

Hydrogenchlorideandammoniagasesreactandform whitefumesofammonium
chloridethatconfirmspresenceofCl-ionsinthesolidsubstance.
Chemicalequation

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

2.ThefollowingexperimentshowsthetestforthepresenceofCl-ionsinsolution
/aqueouschloridesalts.

(i)UsingaqueousLead(II)nitrate(V)

(a)Procedure:
I.Placeabout5cm3ofsodium chloride,Iron(III)chlorideandcopper(II)chloridein
separateboilingtubes.AddfourdropsofLead(II)nitrate(V)solutiontoeach.Preserve.

Observation Inference
Whiteprecipitate/ppt SO4

2-,SO3
2-,Cl-,CO3

2-

II.Tothepreservedsample,addsixdropsofnitric(V)acid.Preserve.
Observation Inference
Whiteprecipitate/pptpersist SO4

2-,Cl-

III.Tothepreservedsample,heatthemixturetoboil
Observation Inference
Whiteprecipitate/pptdissolveson
boiling/warming

Cl-

Explanation:
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I.WhenLead(II)nitrate(V)solutionisaddedtoanunknownsalt,awhite
precipitate/pptofLead(II)sulphate(VI)Lead(II)carbonate(IV)Lead(II)sulphate(IV)
Lead(II)chloride(I)areformed.
Ionicequation:

Pb2+(aq) + SO4
2-(aq) -> PbSO4(s)

Pb2+(aq) + SO3
2-(aq) -> PbSO3(s)

Pb2+(aq) + CO3
2-(aq) -> PbCO3(s)

Pb2+(aq) + Cl-(aq) -> PbCl2(s)

II.Whenthewhiteprecipitate/pptformedisacidifiedwithdilutenitric(V)acid,the
whiteprecipitateofLead(II)sulphate(VI)andLead(II)chloride(I)persist/remain
whilethatofLead(II)carbonate(IV)andLead(II)sulphate(IV)dissolves.

III.Onheating/warmingLead(II)chloride(I)dissolvesbutoncoolingit
recrystallizes.ThisshowsthepresenceofCl-ionsinaqueoussolutions
.
(ii)Usingaqueoussilver(I)nitrate(V)

Procedure
I.Placeabout5cm3ofsodium chloride,Iron(III)chlorideandcopper(II)chloridein
separateboilingtubes.Addfourdropsofsilver(I)nitrate(V)solutiontoeach.Preserve.

Observation Inference
Whiteprecipitate/ppt Cl-,CO3

2-

II.Tothepreservedsample,addsixdropsofnitric(V)acid.Preserve.
Observation Inference
Whiteprecipitate/pptpersist Cl-

Explanation:
I.Whensilver(I)nitrate(V)solutionisaddedtoanunknownsalt,awhiteprecipitate
/pptofsilver(I)carbonate(IV)andsilver(I)chloride(I)areformed.
Ionicequation:

2Ag+(aq) + CO3
2-(aq) -> Ag2CO3(s)

Ag+(aq) + Cl-(aq) -> AgCl(s)

II.Whenthewhiteprecipitate/pptformedisacidifiedwithdilutenitric(V)acid,the
whiteprecipitateofsilver(I)chloride(I)persist/remain.Thisshowsthepresenceof
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Cl-ionsinaqueoussolutions.
Silver(I)carbonate(IV)dissolveswhenreactedwithnitric(V)acid.

COMPREHENSIVEREVISIONQUESTIONS

1.Inanexperiment,dryhydrogenchloridegaswaspassedthroughheatedzinc
turningsasinthesetupbelow.Thegasproducedwasthepassedthroughcopper(II)
oxide

a)Writetheequationforthereaction:
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(i)Fortheschoollaboratorypreparationofhydrogenchloridegas.
NaCl(s)+H2SO4(l)->NaHSO4(aq)+HCl(g)

(ii)intubeS
Zn(s)+2HCl(aq)->ZnCl2(aq)+ H2(g)

b)StateandexplaintheobservationmadeintubeV.
Observations-colourofsolidchangesfrom blacktobrown

-colourlessliquidforms onthecoolerpartsoftubeV
Explanation-HydrogenproducedintubeSreducesblackcopper(II)oxideto

browncoppermetalandthegasoxidizedtowatervapourthatcondenseoncooler
parts..

Chemicalequation.
CuO(s)+H2(g)->Cu(s)+ H2O(l)

(c)HowwouldthetotalmassoftubeSandtubeVandtheircontentscomparebefore
andaftertheexperiment.
TubeS-Massincrease/risebecauseZinccombinewithchlorinetoform heavierZinc

Chloride.
TubeV-Massdecrease/falls/lowersbecausecopper(II)oxideisreducedtolighter
copperandoxygencombinewithhydrogentoform watervapourthatescape.

2.Chlorineispreparedbyusingsolidsodium chloride,concentratedsulphuric(VI)acid
andpotassium manganate(VII)

a)Whatistheroleofthefollowinginthereaction;
(i)concentratedsulphuric(VI)
Toproducehydrogenchloridegasbyreactingwiththesolidsodium chloride.

(ii)potassium manganate(VII)
Tooxidizehydrogenchloridegastochlorine

3.Usetheflowchartbelowtoanswerthequestionsthatfollow.
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a)(i)Name:
gasX Hydrogenchloride
solutionW hydrochloricacid
gasQ chlorine
bleachingagentZ sodium chlorate(V)

b)Writethechemicalequationfortheformationof:
(i)gasX

NaCl(s)+H2SO4(l)->NaHSO4(aq)+HCl(g)

(ii)solutionW
HCl(g) + (aq) -> HCl(aq)

(iii)gasQ
2KMnO4 +16HCl(aq)->2KCl(aq)+2MnCl2(aq)+8H2O(l)+5Cl2(g)

(iv)bleachingagentZ
6NaOH(aq) + 3Cl2(g)->NaCl(aq)+NaClO3(aq)+3H2O(l)

c)Stateandexplainthefollowingobservations;
(i)aglassroddippedinaqueousammoniaisbroughtneargasX

Observation:Densewhitefumes
Explanation:Ammoniagasreactswithhydrogenchloridegastoform densewhite

fumesofammonium chloride.
Chemicalequation:NH3(g)+HCl(g)->NH4Cl(s)

(ii)WetblueandredlitmuspapersweredippedintogasQ
Observations:Bluelitmuspaperturnedredthebotharebleached
/decolorized.
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Explanations:chlorinereactswithwatertoform bothacidichydrochloricandchloric
(I)acidsthatturnbluelitmuspaperred.Unstablechloric(I)acidoxidizesthedyein
thepaperstocolourless.
Chemicalequations
Cl2(g)+HCl(aq)->HCl(aq)+ HClO(aq)
Coloureddye+HClO(aq)->HCl(aq)+ (Colourlessdye+O)//
(Coloureddye-O)+HClO(aq)->HCl(aq)+ Colourlessdye

4.Usetheflowchartbelowtoanswerthequestionsthatfollow

a)Name
LiquidA Concentratedsulphuric(VI)acid
ProcessZ Neutralization
WhitesolidX Ammonium chloride

b)Writetheequationfortheformationof:
(i)Hydrogenchloride

NaCl(s)+H2SO4(l)->NaHSO4(aq)+HCl(g)

(ii)B
HCl(g) + (aq) -> HCl(aq)

(iii)processZ(usingionicequation)
H+(aq) + OH-(aq) -> H2O(l)

(iv)C(usingionicequation)
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Ag+(aq) + Cl-(aq) -> AgCl(s)

c)DescribehowsolutionBisobtained.
Bubblinghydrogenchloridegasthroughinvertedfunnelintodistilledwater

untilnomoredissolve.
5Theresultsobtainedwhenhalogensarebubbledintotesttubescontainingsolutions
ofhalideA,BandCisasinthetablebelow.Tick(v)meansareactiontook
place.Cross(x)meansnoreactiontookplace.

Halogens
Halideionsinsolution

A B C

I2 x - x

Br2 x v -

Cl2 - v v

a)Identifythehalideionsrepresentedbyletter
A Cl-

B I-

C Br-

b)Writetheionicequationforthereactionthattakeplacewithhalide:
(i)C

Cl2(g) + 2Br-(aq) -> 2Cl-(aq) + Br2(aq)

(ii)B
Cl2(g) + 2Br-(aq) -> 2Cl-(aq) + Br2(aq)
Cl2(g) + 2I-(aq) -> 2Cl-(aq) + I2(aq)

6.Thediagram belowshowsasetupofapparatusfortheschoollaboratorycollection
ofdrychlorinegas.
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a)Name:
(i)substanceQ
Concentratedhydrochloricacid
(ii)suitabledryingagentL

-Concentratedsulphuric(VI)acid
-anhydrouscalcium chloride
-silicagel

b)Stateamissingconditionforthereactiontotakeplacefaster.
-Heat/Heating

c)Redandbluelitmuspapersweredippedintothechlorinegasfrom theabovesetup
.Stateandexplaintheobservationsmade.

Observation:Bluelitmuspaperremainblue.Redlitmuspaperremainred.
Explanation:Drychlorinehasnoeffectondrylitmuspapers.

d)Writetheequationforthereactiontakingplaceintheconicalflask
MnO4(s)+4HCl(aq)-> MnCl2(aq)+2H2O(l)+Cl2(g)

e)NametwoothersubstancesthatcanbeusedinplaceofMnO2

Lead(IV)oxide(PbO2)
Potassium manganate(VI)(KMnO4)
Potassium dichromate(K2Cr2O4)

Bleachingpowder(CaOCl2)

7.Thesetupbelowshowstheapparatususedtoprepareandcollectanhydrousiron(III)

chloride.
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a)NamesaltK
Iron(III)cchloride

b)WritetheequationforthereactionfortheformationofsaltK
2Fe(s) +3Cl2(g) -> 2FeCl3(s/g)

c)Stateandexplainthefollowing
(i)Smallamountofwaterisaddedtoiron(II)chlorideinatesttubethen
shaken
Soliddissolvestoform agreensolution.Iron(II)chlorideissolubleinwater

(ii)I.Threedropsofaqueoussodium hydroxideisaddedtoaqueousiron(II)
chlorideandthenaddedexcessofthealkali.

Observation:
Greenprecipitateisformedthatpersist/remain/insolubleinexcessakali.

Explanation:
Iron(II)chloridereactswithaqueoussodium hydroxidetoform agreen
precipitateofiron(II)hydroxide.

Ionicequation:
Fe2+(aq) + OH-(aq) -> Fe(OH)2(s)

II.Sixdropsofhydrogenperoxideisaddedtothemixtureind(ii)above.
Observation:
Effervescence/bubbling/fizzingtakeplaceandthegreenprecipitate
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dissolvetoform ayellow/brownsolution.
Explanation:
hydrogenperoxideoxidizesgreenFe2+toyellow/brownFe3+solution.

9.Usetheflowchartbelowtoanswerthequestionsthatfollow.

a)WritethechemicalequationfortheformationofgasA
NaCl(s)+H2SO4(l)->NaHSO4(aq)+HCl(g)

b)Identify:
(i)fourpossibleionsthatcanproducewhiteprecipitateB

SO4
2-,SO3

2-,CO3
2-,Cl-

(ii)twopossibleionsthatcanproduce;
I.WhiteprecipitateC
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SO4
2-,Cl-

II.colourlesssolutionD
SO3

2-,CO3
2-

(iii)possibleionspresentin
I.WhiteprecipitateE

SO4
2-

II.colourlesssolutionF
Cl-

11.Belowisasetupinthepreparationofaparticularsalt.Studyitandanswerthe
questionsthatfollow.

Statethe
observationmadewhenaluminium woolisheated.

Glowsredhot.

b)(i)IdentifysaltA
aluminium(III)chloride//AlCl3

(ii)WritetheequationfortheformationofsaltA
2Al(s)+3Cl2(g)->2AlCl3(s/g)

(iii)WhatpropertyofsaltAisexhibitedasshownintheexperiment.
Itsublimes//sublimation.
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(iv)Calculatetheminimum volumeofchlorinerequiredtoform 700kgofiron(III)
chlorideatroom temperature.(Fe=56.0,Cl=35.5,1moleofagas=24000cm3,1000g=
1kg)

Moleratio Fe:Cl2 =2:3molarmassFeCl3=162.5g
Method1

2x162.5gFeCl3 ->3x22400cm3Cl2

700x1000gFeCl3 ->(700x1000x3x22400)/(2x162.5)
=1.4474x10-8cm3

Method2
MolesofFeCl3=mass/molarmass

=>(700x1000)/162.5=4307.6923moles
MolesofCl2=3/2molesofFeCl3

=>3/2x4307.6923=6461.5385moles
Volumeofchlorine=molesxmolargasvolume

=>6461.5385x24000=1.5508x10-8cm3

c)NameanothermetalthatcanproducesimilarresultsassaltK.
Iron

d)(i)Whatisthepurposeofanhydrouscalcium chloride.

-ensuretheapparatusarewaterfree.
-preventwaterfrom theatmospherefrom enteringand
altering//hydrolysingsaltA

(ii)Writetheequationforthereactionthattakeplaceifanhydrouscalcium
chlorideisnotusedintheabovesetup.

AlCl3(s)+3H2O(l)->Al(OH)3(aq)+3HCl(g)

(iii)WritetheequationforthereactionthattakeplacewhenIronmetalisreactedwith
dryhydrogenchloridegas.

Fe(s)+2HCl(g)->FeCl2(s)+H2(g)

(iv)CalculatethemassofIron(II)chlorideformedwhen60cm3ofhydrogenchlorideat
r.t.piscompletelyreacted.(1moleofagas=24dm3atr.t.p,Fe=56.O,Cl=35.5)

ChemicalequationFe(s)+ 2HCl(g)->FeCl2(s)+Cl2(g)

MoleratioHCl:FeCl2=1:1
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MolarmassFeCl2 =127g

MolesofHClused=60cm3/24000cm3=2.5x10-3moles
MolesofFeCl2=MolesofHCl=>2.5x10-3moles

MassofFeCl2=molesxmolarmass=>2.5x10-3x127=0.3175g

12.Studytheflowchartbelowanduseittoanswerthequestionsthatfollow

a)Identifysubstance:
P Iron(II)chloride//FeCl2

Q Chlorine//Cl2

R Iron(III)chloride//FeCl3

b)Writetheequationforthereactionfortheformationof:
(i)gasQ

2KMnO4(s)+16HCl(aq)-> 2KCl(aq)+2MnCl2(aq)+8H2O(l)+5Cl2(g)

(ii)thegreenprecipitate(usingionicequation)
Ionicequation:
Fe2+(aq) + 2OH-(aq) -> Fe(OH)2(s)

(ii)thebrownprecipitate(usingionicequation)
Ionicequation:
Fe3+(aq) + 3OH-(aq) -> Fe(OH)3(s)

c)Aglassrodwasdippedinaqueousammonia.Therodwasthenbroughtnear
hydrogenchloride.Stateandexplaintheobservationmade.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 337

Observation:
Whitefumes

Explanation:
Ammoniagasreactswithhydrogenchloridegastoform whitefumesofammonium

chloride.
Chemicalequation:

NH3(g)+HCl(g)->NH4Cl(s)
13.Usingdot(.)andcross(x)torepresentelectrons,showthebondinginaluminium
chlorideinvapourphase.

(b)Howmanyelectronsin:
(i)aluminium atomsareusedinbonding.

Sixelectrons(threevalenceelectronsineachaluminium atom)
(ii)chlorineatomsatomsareusedindativebonding.

fourelectrons(twolonepairsofvalenceelectronsintwochlorineatoms)
(iii)themoleculeareusedinbonding.

Sixteenelectrons
-sixvalenceelectronsfrom aluminium atom throughcovalentbond
-sixvalenceelectronsfrom chlorineatomsthroughcovalentbond.
-fourvalenceelectronsfrom chlorineatomsthroughdativebond
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(c)Howmanylonepairofelectronsdonottakepartinbondingwithinthemolecule.
Sixteen(16)lonepairsfrom sixchlorineatoms(32electrons)

(d)Aluminium chloridedoesnotconductelectricityinmoltenstatebutMagnesium
chlorideconduct.
Aluminium chlorideisamolecularcompoundthathasnofreemobileAl3+andCl-ions
whichareresponsibleforconductingelectricity.Magnesium chloridehasfreemobile
Mg2+andCl-ionsbecauseitisanioniccompound.

8.Usetheflowchartbelowtoanswerthequestionsthatfollow:

a)Writeanequationfortheschoollaboratoryformationofhydrogenchloridegas
NaCl(s)+H2SO4(l)->NaHSO4(aq)+HCl(g)
KCl(s)+H2SO4(l)->KHSO4(aq)+HCl(g)

b)Name:
I.solidY Iron(II)chloride(FeCl2)
IIgreenprecipitateIron(II)hydroxide(Fe(OH)2

IIIGasY Chlorine(Cl2)
IV.BleachingagentA Sodium hypochlorite(NaOCl)

c)BlueandredlitmuspapersweredippedintobleachingagentA.Writetheequation
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forthereactionthattakesplace.
Coloureddye+NaOCl(aq)->NaCl(aq)+ (Colourlessdye+O)//
(Coloureddye-O)+NaOCl(aq)->NaCl(aq)+ Colourlessdye

d)StatefourusesofgasZ
1.Bleachingagent
2.Manufactureofhydrochloricacid
3.Chlorinationofwatertokillgerms
4.ManufactureofPVCpipes


