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CHEMISTRY

A.THERATEOFCHEMICALREACTION
(CHEMICALKINETICS)

1.Introduction
Therateofachemicalreactionisthetimetakenforagivenmass/amountof
productstobeformed.Therateofachemicalreactionisalsothetimetakenfora
givenmass/amountofreactanttobeconsumed/usedup.

Somereactionsaretooslowtobedetermined.e.grusting,decompositionof
hydrogenperoxideandweathering.

Somereactionsaretoofastandinstantaneouse.g.neutralizationofacidand
bases/alkalisinaqueoussolutionanddoubledecomposition/precipitation.

Otherreactionsareexplosiveandveryriskytocarryoutsafelye.g.reactionof
potassium withwaterandsodium withdiluteacids.

Thestudyoftherateofchemicalreactionisusefulinknowingthefactorsthat
influencethereactionsothatefficiencyandprofitabilityismaximizedinindustries.

Theoriesofratesofreaction.

Therateofachemicalreactionisdefinedastherateofchangeof
concentration/amountofreactantsinunittime.Itisalsotherateofformationof

givenconcentrationofproductsinunittime.i.e.

Rateofreaction=Changeinconcentration/amountofreactants
Timetakenforthechangetooccur

Rateofreaction=Changeinconcentration/amountofproductsformed
Timetakenfortheproductstoform

Fortheabove,thereforetherateofachemicalreactionisrateofdecreasing
reactantstoform anincreasingproduct.
TheSIunitoftimeissecond(s)butminutesandhoursarealsoused.

(a)Thecollisiontheory

ThecollisiontheoryisanapplicationoftheKineticTheoryofmatterwhich
assumesmatterismadeupofsmall/tiny/minuteparticleslikeionsatomsand



isabokemicah@gmail.com

Novels,UpdatedCPA,ICT,ATD,CIFA,CICT,College,HighSchool&PrimaryNotes 0714497530

molecules.
Thecollisiontheoryproposesthat
(i)forareactiontooccur,reactingparticlesmustcollide.

(ii)notallcollisionsbetweenreactingparticlesaresuccessfulinareaction.
Collisionsthatinitiateachemicalreactionarecalledsuccessful/fruitful/effective
collisions

(iii)thespeedatwhichparticlescollideiscalledcollisionfrequency.
Thehigherthecollisionfrequencythehigherthechancesofsuccessful/fruitful/
effectivecollisionstoform products.

(iv)thehigherthechancesofsuccessfulcollisions,thefasterthereaction.

(v)theaveragedistancebetweensolidparticlesfrom oneanotheristoobigfor
them tomeetandcollidesuccessfully.

(vi)dissolvingsubstancesinasolvent,makethesolventamedium forthereaction
totakeplace.
Thesoluteparticledistanceisreducedastheparticleionsarefreetomoveinthe
solventmedium.

(vii)successfulcollisionstakeplaceiftheparticlescollidinghavetherequired
energyandrightorientationwhichincreasestheirvibrationandintensityof
successful/fruitful/effectivecollisionstoform products.

(b)TheActivationEnergy(Ea)theory

TheEnthalpyofactivation(ΔHa)/ActivationEnergy(Ea)istheminimum amountof
energywhichthereactantsmustovercomebeforetheyreact.ActivationEnergy(Ea)
isusuallyrequired/neededinbondbreakingofthereactingparticles.
Bondbreakingisanendothermicprocessthatrequireanenergyinput.
Thehigherthebondenergytheslowerthereactiontostartof.
Activationenergydoesnotinfluencewhetherareactionisexothermicor

endothermic.

Theenergyleveldiagramsbelowshowstheactivationenergyforexothermicand
endothermicprocesses/reactions.
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.Energyleveldiagram showingtheactivationenergyforexothermic
processes/reactions.

Activatedcomplex

Energyleveldiagram showingtheactivationenergyforendothermic
processes/reactions.

Activatedcomplex

Theactivatedcomplexisamixtureofmanyintermediatepossible
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productswhichmaynotexistundernormalphysicalconditions,butcan
theoreticallyexist.
Exothermicreactionproceedswithoutfurtherheating/externalenergy

becauseitgeneratesitsownenergy/heattoovercomeactivationenergy.
Endothermicreactioncannotproceedwithoutfurtherheating/external
energybecauseitdoesnotgeneratesitsownenergy/heattoovercome
activationenergy.Itgenerallythereforerequirescontinuoussupplyof
moreenergy/heattosustainittocompletion.

3.Measuringtherateofachemicalreaction.

Therateofachemicalreactioncanbemeasureas:
(i)Volumeofagasinunittime;

-ifreactionisproducingagasasoneoftheproducts.
-ifreactionisusingagasasonereactants

(ii)Changeinmassofreactants/productsforsolidproducts/reactants
inunittime.

(iii)formationofagivenmassofprecipitateinunittime
(iv)acertainmassofreactantstocompletelyform products/diminish.

Reactantsmaybehomogenousorheterogenous.
-Homogenousreactionsinvolvereactantsinthesamephase/state

e.g.solid-solid,gas-gas,liquid-liquid.
-Heterogenousreactionsinvolvereactantsinthedifferent

phase/statee.g.solid-liquid,gas-liquid,solid-gas.

4.Factorsinfluencing/altering/affecting/determiningrateof
reaction

Thefollowingfactorsalter/influence/affect/determinetherateofa
chemicalreaction:

(a)Concentration
(b)Pressure
(c)Temperature
(d)Surfacearea
(e)Catalyst

a)Influenceofconcentrationonrateofreaction
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Thehighertheconcentration,thehighertherateofachemicalreaction.
Anincreaseinconcentrationofthereactantsreducesthedistance
betweenthereactingparticlesincreasingtheircollisionfrequencyto
form products.
Practicallyanincreaseinconcentrationreducesthetimetakenforthe
reactiontotakeplace.

Practicaldeterminationofeffectofconcentrationonreactionrate

Method1(a)
Reactionofsodium thisulphatewithdilutehydrochloricacid
Procedure:
Measure20cm3of0.05M sodium thisulphateintoa50cm3glassbeaker.
Placethebeakeronawhitepieceoffilterpaperwithinkmark‘X’onit.
Measure20cm3of0.1M hydrochloricacidsolutionusinga50cm3
measuringcylinder.Puttheacidintothebeakercontainingsodium
thisulphate.Immediatelystartoffthestopwatch/clock.Determinethe
timetakenfortheinkmark‘X’tobecomeinvisible/obscuredwhen
viewedfrom above.Repeattheprocedurebymeasuringdifferent
volumesoftheacidandaddingthevolumesofthedistilledwaterto
completetable1.
Sampleresults:Table1.

Volume
of
acid(cm3
)

Volumeof
water(cm3
)

Volumeof
sodium
thiosulphate(cm
3)

Timetakenformark‘X’to
be
invisible/obscured(secon
ds)

Reciprocal
oftime

1
t

20.0 0.0 20.0 20.0 5.0x10-2

18.0 2.0 20.0 23.0 4.35x10-2

16.0 4.0 20.0 27.0 3.7x10-2

14.0 6.0 20.0 32.0 3.13x10-2

12.0 8.0 20.0 42.0 2.38x10-2

10.0 10.0 20.0 56.0 1.78x10-2

Formostexaminingbodies/councils/boardstheaboveresultsscorefor:
(a)completetableasevidenceforallthepracticalworkdoneand
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completed.

(b)(i)Consistentuseofadecimalpointontimeasevidenceof
understanding/knowledgeofthedegreeofaccuracyofstop
watches/clock.

(ii)Consistentuseofaminimum offourdecimalpointson
inverse/reciprocaloftimeasevidenceofunderstanding/knowledgeof
thedegreeofaccuracyofscientificcalculator.

(c)accuracyagainstaschoolvaluebasedoncandidate’steachers-
resultssubmitted.

(d)correcttrend(timeincreaseasmorewaterisadded/acidisdiluted)
inconformitywithexpectedtheoreticalresults.

Samplequestions

1.Onseparategraphpapersplotagraphof:
(i)volumeofacidused(x-axis)againsttime.LabelthisgraphI
(ii)volumeofacidused(x-axis)against1/t.LabelthisgraphII

2.ExplaintheshapeofgraphI
Diluting/addingwateriscausesadecreaseinconcentration.
Decreaseinconcentrationreducestherateofreactionbyincreasingthe
timetakenforreactingparticletocollidetoform products.
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SketchsampleGraphI

SketchsampleGraphII

1/t

Sec-1x10-

2

Volumeofacid(cm3)

Time

(seconds)

Volumeofacid(cm3)
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3.From graphII,determinethetimetakenforthecrosstobe
obscured/invisiblewhenthevolumeoftheacidis:

(i)13cm3
From acorrectlyplottedgraph

1/tat13cm3onthegraph=>2.75x10-2

t=1/2.75x10-2 = 36.3636seconds

(ii)15cm3
From acorrectlyplottedgraph

1/tat15cm3onthegraph=>3.35x10-2

t=1/3.35x10-2 = 29.8507seconds

(iii)15cm3
From acorrectlyplottedgraph

1/tat17cm3onthegraph=>4.0x10-2

t=1/4.0x10-2 = 25.0seconds

(iv)19cm3
From acorrectlyplottedgraph

1/tat19cm3onthegraph=>4.65x10-2

t=1/4.65x10-2 = 21.5054seconds

4.From graphII,determinethevolumeoftheacidusedifthetimetaken
forthecrosstobeobscured/invisibleis:

(i)25seconds

1/t=> 1/25=4.0x10-2

Readingfrom acorrectlyplottedgraph;

4.0x10-2correspondto17.0cm3

(ii)30seconds

1/t=> 1/30=3.33x10-2

Readingfrom acorrectlyplottedgraph;

3.33x10-2correspondto14.7cm3

(iii)40seconds



isabokemicah@gmail.com

Novels,UpdatedCPA,ICT,ATD,CIFA,CICT,College,HighSchool&PrimaryNotes 0714497530

1/t=> 1/40=2.5x10-2

Readingfrom acorrectlyplottedgraph;

2.5x10-2correspondto12.3cm3

4.Writetheequationforthereactiontakingplace
Na2S2O3(aq)+2HCl(aq)->2NaCl(aq)+SO2(g)+S(s)+H2O(l)

Ionically:

S2O3
2-(aq)+2H+(aq)->SO2(g)+S(s)+H2O(l)

5.Nametheyellowprecipitate
Colloidalsulphur

Method1(b)
Reactionofsodium thisulphatewithdilutehydrochloricacid

Youareprovidedwith
2.0M Hydrochloricacid
0.4M sodium thiosulphatesolution

Procedure:
Measure10cm3ofsodium thisulphateintoa50cm3glassbeaker.Place
thebeakeronawhitepieceoffilterpaperwithinkmark‘X’onit.
Add5.0cm3ofhydrochloricacidsolutionusinga10cm3measuring

cylinderintothebeakercontainingsodium thisulphate.
Immediatelystartoffthestopwatch/clock.Determinethetimetaken

fortheinkmark‘X’tobecomeinvisible/obscuredwhenviewedfrom
above.
Repeattheprocedurebymeasuringdifferentvolumesofthe

thiosulphateandaddingthevolumesofthedistilledwatertocomplete
table1.
Sampleresults:Table1.



isabokemicah@gmail.com

Novels,UpdatedCPA,ICT,ATD,CIFA,CICT,College,HighSchool&PrimaryNotes 0714497530

Volume
of
acid(cm
3)

Volume
ofwater
(cm3)

Volumeof
sodium
thiosulphate
(cm3)

Concentatio
nofsodium
thisulphate

inmolesdm-3

Time(T)taken
formark‘X’to
beinvisible/
obscured(seco
nds)

T-1

5.0 0.0 25.0 0.4 20.0 5.0x10-2

5.0 5.0 20.0 0.32 23.0 4.35x10-2

5.0 10.0 15.0 0.24 27.0 3.7x10-2

5.0 15.0 10.0 0.16 32.0 3.13x10-2

Noteconcentrationofdilutedsolutionisgot:
C1V1=C2V2 =>0.4x25=C2x25=0.4M
C1V1=C2V2 =>0.4x20=C2x25=0.32M
C1V1=C2V2 =>0.4x15=C2x25=0.24M
C1V1=C2V2 =>0.4x10=C2x25=0.16M

Samplequestions

1.Onseparategraphpapersplotagraphof:
(i)Concentrationofsodium thiosulphateagainsttime.Labelthis

graphI
(ii)Concentrationofsodium thiosulphateagainstagainstT-1.Label

thisgraphII

2.ExplaintheshapeofgraphI
Diluting/addingwatercausesadecreaseinconcentration.
Decreaseinconcentrationreducestherateofreactionbyincreasingthe
timetakenforreactingparticletocollidetoform products.
From graphII
Determinethetimetakenif
(i)12cm3ofsodium thisulphateisdilutedwith13cm3ofwater.
At12cm3concentrationofsodium thisulphate
=C1V1=C2V2 =>0.4x12=C2x25=0.192M

From correctgraphatconcentration0.192M =>2.4x10-2

I/t=2.4x10-2 t=41.6667seconds
(ii)22cm3ofsodium thisulphateisdilutedwith3cm3ofwater.
At22cm3concentrationofsodium thisulphate
=C1V1=C2V2 =>0.4x22=C2x25=0.352M
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From correctgraphatconcentration0.352M =>3.6x10-2

I/t=3.6x10-2 t=27.7778seconds

Determinethevolumeofwaterandsodium thiosulphateifT-1is3.0x10-

1

From correctgraphatT-1=3.0x10-1 =>concentration =0.65M
=C1V1=C2V2 =>0.4x25=0.65M xV2 = 15.3846cm3
Volumeofwater=25-15.3846cm3=9.6154cm3
Determinetheconcentrationofhydrochloricacidif12cm3ofsodium thiosulphate
and13cm3ofwaterwasused.
At12cm3concentrationofsodium thisulphate

=C1V1=C2V2 =>0.4x12=C2x25=0.192M
MoleratioNa2S2O3:HCl=1:2

MolesofNa2S2O3= 0.192M x12 => 2.304x10-3 moles
1000

MoleratioHCl=2.304x10-1 moles =1.152x10-3 moles
2

MolarityofHCl=1.152x10-3 molesx1000 =0.2304M
5.0

Method2
ReactionofMagnesium withdilutehydrochloricacid
Procedure

Scub10centimeterlengthofmagnesium ribbonwithsandpaper/steel
wool.Measure40cm3of0.5M dilutehydrochloricacidintoaflask.Filla
graduatedgasjarwithwaterandinvertitintoatrough.Stoppertheflask
andsetuptheapparatustocollectthegasproducedasinthesetup
below:
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Carefullyremovethestopper,carefullyputthemagnesium ribboninto
theflask.corktightly.Addtheacidintotheflask.Connectthedelivery
tubeintothegasjar.Immediatelystartoffthestopwatchanddetermine
thevolumeofthegasproducedafterevery30secondstocomplete
tableIIbelow.

Sampleresults:TableII

Time(second
s)

0 30 60 90 120 150 180 210 240

Volumeof
gas
produced(cm
3)

0.0 20.0 40.0 60.0 80.0 90.0 95.0 96.0 96.0

Samplepracticequestions

1.Plotagraphofvolumeofgasproduced(y-axis)againsttime

Magnesium ribbon

Hydrochloricacid

Graduatedgasjar

Hydrogen
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2.Explaintheshapeofthegraph.
Therateofreactionisfasterwhentheconcentrationoftheacidishigh.
Astimegoeson,theconcentrationoftheaciddecreasesandtherefore
lessgasisproduced.
Whenalltheacidhasreacted,nomoregasisproducedafter210
secondsandthegraphflattens.

3.Calculatetherateofreactionat120seconds

From atangentat120secondsrateofreaction=Changeinvolumeof
gas

Changeintime
=>From thetangentat120secondsV2-V1 = 96-84 =12 =

0.2cm3sec-1

T2-T1 150-90 60

4.Writeanionicequationforthereactiontakingplace.

Mg2+(s)+2H+(aq)->Mg2+(aq)+H2(g)

5.Onthesameaxissketchthenexplainthecurvethatwouldbe
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obtainedif:
(i)0.1M hydrochloricacidisused–LabelthiscurveI
(ii)1.0M hydrochloricacidisused–LabelthiscurveII

Observation:
CurveIistotheright
CurveIIistotheleft
Explanation

Adecreaseinconcentrationshifttherateofreactiongraphtotheright
asmoretimeistakenforcompletionofthereaction.
Anincreaseinconcentrationshifttherateofreactiongraphtotheleftas
lesstimeistakenforcompletionofthereaction.
Bothgraphsflattenaftersometimeindicatingthecompletionofthe
reaction.

b)Influenceofpressureonrateofreaction

Pressureaffectsonlygaseousreactants.
Anincreaseinpressurereducesthevolume(Boyleslaw)inwhichthe
particlesarecontained.
Decreaseinvolumeofthecontainerbringthereactingparticlescloser

toeachotherwhichincreasestheirchancesof
effective/successful/fruitfulcollisiontoform products.
Anincreaseinpressurethereforeincreasestherateofreactionby
reducingthetimeforreactingparticlesofgasestoreact.
Atindustriallevel,thefollowingaresomereactionsthatareaffectedby
pressure:

(a)Haberprocessformanufactureofammonia
N2(g)+3H2(g)->2NH3(g)

(b)Contactprocessformanufactureofsulphuric(VI)acid
2SO2(g)+O2(g)->2SO3(g)

(c)Ostwaldsprocessforthemanufactureofnitric(V)acid
4NH3(g)+5O2(g)->4NO(g)+6H2O(l)

Theinfluenceofpressureonreactionrateisnotfeltinsolidsandliquids.
Thisisbecausethesolidandliquidparticleshavefixedpositionsintheir
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strongbondsandthereforenodegreeoffreedom (KineticTheoryof
matter)

c)Influenceoftemperatureonrateofreaction

Anincreaseintemperatureincreasesthekineticenergyofthereacting
particlesbyincreasingtheircollisionfrequency.
Increaseintemperatureincreasestheparticleswhichcanovercomethe
activationenergy(Ea).

A10oCriseintemperaturedoublestherateofreactionbyreducingthe
timetakenforthereactiontocompletebyahalf.

PracticaldeterminationofeffectofTemperatureonreactionrate
Method1

Reactionofsodium thisulphatewithdilutehydrochloricacid

Procedure:
Measure20cm3of0.05M sodium thisulphateintoa50cm3glassbeaker.
Placethebeakeronawhitepieceoffilterpaperwithinkmark‘X’onit.
Determineandrecorditstemperatureasroom temperatureintable2
below.
Measure20cm3of0.1M hydrochloricacidsolutionusinga50cm3

measuringcylinder.
Puttheacidintothebeakercontainingsodium thisulphate.
Immediatelystartoffthestopwatch/clock.

Determinethetimetakenfortheinkmark‘X’tobecomeinvisible
/obscuredwhenviewedfrom above.
Measureanother20cm3separateportionofthethisulphateintoa

beaker,heatthesolutionto30oC.
Addtheacidintothebeakerandrepeattheprocedureabove.Complete
table2belowusingdifferenttemperaturesofthethiosulphate.

Sampleresults:Table2.

TemperatureofNa2S2O3 Room
temperature

30 40 50 60

TimetakenformarkXto 50.0 40.0 20.0 15.0 10.
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beobscured/invisible
(seconds)

0

Reciprocaloftime(1/t) 0.02 0.025 0.05 0.066
7

0.1

Samplepracticequestions

1.Plotagraphoftemperature(x-axis)against1/t

2(a)From yourgraphdeterminethetemperatureatwhich:

(i)1/tis;
I.0.03

Readingdirectlyfrom acorrectlyplottedgraph=32.25oC
II.0.07

Readingdirectlyfrom acorrectlyplottedgraph=48.0oC

(ii)tis;
I.30seconds
30seconds=>1/t=1/30=0.033

Readingdirectlyfrom acorrectlyplottedgraph0.033=>33.5
oC

II.45seconds
45seconds=>1/t=1/45=0.022
Readingdirectlyfrom acorrectlyplottedgraph0.022=>29.0

oC
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III.25seconds
25seconds=>1/t=1/25=0.04

Readingdirectlyfrom acorrectlyplottedgraph0.04=>36.0oC

(b)From yourgraphdeterminethetimetakenforthecrosstobecome
invisibleat:

(i)57.5oC

Readingdirectlyfrom acorrectlyplottedgraphat57.5oC=
0.094

=>1/t=0.094
t=1/0.094=>10.6383seconds

(ii)45oC

Readingdirectlyfrom acorrectlyplottedgraphat45oC=
0.062

=>1/t=0.062
t=1/0.094=>16.1290seconds

(iii)35oC

Readingdirectlyfrom acorrectlyplottedgraphat35oC=
0.047

=>1/t=0.047
t=1/0.047=>21.2766seconds

Method2
ReactionofMagnesium withdilutehydrochloricacid
Procedure

Scub5centimeterlengthofmagnesium ribbonwithsandpaper/steel
wool.
Cutthepieceintofiveequalonecentimetersmallerpieces.
Measure20cm3of1.0M dilutehydrochloricacidintoaglassbeaker.
Putonepieceofthemagnesium ribbonintotheacid,swirl.
Immediatelystartoffthestopwatch/clock.
Determinethetimetakenfortheeffervescence/fizzing/bubblingtostop
whenviewedfrom above.
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Recordthetimeintable2atroom temperature.
Measureanother20cm3portionsof1.0M dilutehydrochloricacidintoa
cleanbeaker.

Heatseparatelyoneportionto30oC,40oC,50oCand60oC andadding
1cm lengthoftheribbonanddeterminethetimetakenforeffervescence
/fizzing/bubblingtostopwhenviewedfrom above.
Recordeachtimetocompletetable2belowusingdifferent
temperaturesoftheacid.

Sampleresults:Table1.

Temperatureofacid(oC) Room
temperature

30 40 50 60

Timetaken
effervescencetostop
(seconds)

80.0 50.0 21.0 13.5 10.
0

Reciprocaloftime(1/t) 0.0125 0.02 0.047
6

0.074
1

0.1

Samplepracticequestions

1.Plotagraphoftemperature(x-axis)against1/t

2.(a)Calculatethenumberofmolesofmagnesium usedgiventhat1cm
ofmagnesium hasamassof1g.(Mg=24.0)

1/

t

Temperature(oC)



isabokemicah@gmail.com

Novels,UpdatedCPA,ICT,ATD,CIFA,CICT,College,HighSchool&PrimaryNotes 0714497530

Moles=Massofmagnesium => 1.0 =4.167x10-2moles
MolarmassofMg 24

(b)Calculatethenumberofmolesofhydrochloricacidused
Molesofacid=molarityxvolumeofacid

1000

=>1.0x20 =2.0x10-2moles
1000

(c)Calculatethemassofmagnesium thatremainunreacted

MoleratioMg:HCl=1:2
MolesMg=½molesHCl

=>½ x2.0x10-2moles=1.0x10-2moles
MassofreactedMg=molesxmolarmass

=>1.0x10-2molesx24=0.24g
MassofunreactedMg=Originaltotalmass-Massofreacted

Mg
=>1.0g–0.24=0.76g

(b)Calculatethetotalvolumeofhydrogengasproducedduring
theabovereactions.

MoleratioMg:H2=1:1

MolesofMgthatreactedperexperiment=molesH2=1.0x10-2

moles
VolumeofHydrogenats.t.pproducedperexperiment=molesx24
dm3

=>1.0x10-2molesx24dm3=0.24dm3
VolumeofHydrogenats.t.pproducedin5experiments=0.24dm3
x5

=1.2dm3

3.(a)Atwhattemperaturewasthetimetakenformagnesium toreact
equalto:

(i)70seconds
70seconds=>1/t=1/70=0.01429
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Readingdirectlyfrom acorrectlyplottedgraph0.01429=>28.0oC

(ii)40seconds
40seconds=>1/t=1/40=0.025

Readingdirectlyfrom acorrectlyplottedgraph0.025=>32.0oC

(b)Whatisthetimetakenformagnesium toreactifthereactionwas
doneat:

(i)55.0oC

Readingdirectlyfrom acorrectlyplottedgraphat55.0oC=>1/t=8.0x

10-2

=>t=1/8.0x10-2 =12.5seconds

(ii)47.0oC

Readingdirectlyfrom acorrectlyplottedgraphat47.0oC=>1/t=6.0x

10-2

=>t=1/6.0x10-2 =16.6667seconds

(iii)33.0oC

Readingdirectlyfrom acorrectlyplottedgraphat33.0oC=>1/t=2.7x

10-2

=>t=1/2.7x10-2 =37.037seconds

4.Explaintheshapeofthegraph.

Increaseintemperatureincreasestherateofreactionasparticlesgain
kineticenergyincreasingtheirfrequencyandintensityofcollisionto
form products.

d)Influenceofsurfaceareaonrateofreaction

Surfaceareaistheareaofcontact.Anincreaseinsurfaceareaisa
decreaseinparticlesize.Practicallyanincreaseinsurfaceareainvolves
chopping/cuttingsolidlumpsintosmallerpieces/chipsthencrushing
thechipsintopowder.Chipsthushaveahighersurfaceareathansolid
lumpsbutpowderhasahighestsurfacearea.
Anincreaseinsurfaceareaofsolidsincreasestheareaofcontactwitha
liquidsolutionincreasingthechancesofsuccessful/effective/fruitful
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collisiontoform products.Theinfluenceofsurfaceareaonrateof
reactionismainlyinheterogeneousreactions.

Reactionofchalk/calcium carbonateondilutehydrochloricacid
Procedure

Measure20cm3of1.0M hydrochloricacidintothreeseparateconical
flaskslabeledC1C2andC3.
Usingawatchglassweighthreeseparate2.5gapieceofwhitechalk.
PlacetheconicalflaskC1onanelectronicbalance.
Resetthebalancescaleto0.0.
Putoneweighedsampleofthechalkintotheacidintheconicalflask.
Determinethescalereadingandrecorditattime=0.0.
Simultaneouslystartofthestopwatch.
Determineandrecordthescalereadingafterevery30secondsto

completeTableI.
RepeatalltheaboveprocedureseparatelywithC2andC3 tocomplete
TableIIandTableIIIbycuttingthechalkintosmallpieces/chipsforC2

andcrushingthechalktopowderforC3

Sampleresults:Table1.

Time(second
s)

0.0 30.0 60.0 90.0 120.
0

150.
0

180.
0

210.
0

240.
0

Massof
CaCO3

2.5 2.0 1.8 1.4 1.2 1.0 0.8 0.5 0.5

Lossinmass 0.0 0.5 0.7 1.1 1.3 1.5 1.7 2.0 2.0
Sampleresults:Table1I.

Time(second
s)

0.0 30.0 60.0 90.0 120.
0

150.
0

180.
0

210.
0

240.
0

Massof
CaCO3

2.5 1.9 1.5 1.3 1.0 0.8 0.5 0.5 0.5

Lossinmass 0.0 0.6 1.0 1.2 1.5 1.7 2.0 2.0 2.0

Sampleresults:TableIII.

Time(second
s)

0.0 30.0 60.0 90.0 120.
0

150.
0

180.
0

210.
0

240.
0
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Massof
CaCO3

2.5 1.8 1.4 1.0 0.8 0.5 0.5 0.5 0.5

Lossinmass 0.0 0.7 1.1 1.5 1.7 2.0 2.0 2.0 2.0
Samplequestions:

1.Calculatethelossinmassmadeattheendofeachtimefrom the
originaltocompletetableI,IIandIII

2.Onthesameaxesplotagraphoftotallossinmassagainsttime(x-
axes)andlabelthem curveI,II,andIIIfrom TableI,II,andIII.

3.Explainwhythereisalossinmassinallexperiments.
Calcium carbonatereactwiththeacidtoform carbon(IV)oxidegasthat
escapetotheatmosphere.

4.Writeanionicequationforthereactionthattakeplace

CaCO3(s)+2H+(aq)->Ca2+(aq)+H2O(l)+CO2(g)

5.Sulphuric(VI)acidcannotbeusedintheabovereaction.Onthesame
axessketchthecurvewhichwouldbeobtainedifthereactionwas
attemptedbyreactingapieceofalumpofchalkwith0.5M
sulphuric(VI)acid.LabelitcurveIV.ExplaintheshapeofcurveIV.

Calcium carbonatewouldreactwithdilute0.5M sulphuric(VI)acidto
form insolublecalcium sulphate(VI)thatcoat/coverunreactedCalcium
carbonatestoppingthereactionfrom reachingcompletion.

6.Calculatethevolumeofcarbon(IV)oxideevolved(molargasvolumeat
room temperature=24dm3,C=12.0,O=16.OCa=40.0)
MethodI

MoleratioCaCO3(s):CO2(g)=1:1
MolesCaCO3(s)used =MassCaCO3(s) =0.025moles

MolarmassCaCO3(s)

MolesCO2(g)=0.025moles

VolumeofCO2(g) =molesxmolargasvolume
=>0.025moles x24dm3 =0.600

dm3/600cm3
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MethodII
MolarmassofCaCO3(s)=100gproduce24dm3ofCO2(g)
MassofCaCO3(s)=2.5gproduce2.5x24 =0.600dm3

100
7.From curveI,determinetherateofreaction(lossinmassper
second)attime180secondsonthecurve.

From tangentat180secondsoncurveI

Rate = M2-M1 =>2.08–1.375 =0.625 =0.006944gsec-1

T2-T1 222-132 90

8.Whatistheeffectofparticlesizeontherateofreaction?
Alargersurfaceareaisareductioninparticlesizewhichincreasesthe
areaofcontactbetweenreactingparticlesincreasingtheircollision
frequency.

Theoreticalexamples

1.Excessmarblechipswereputinabeakercontaining100cm3of
0.2M hydrochloricacid.Thebeakerwasthenplacedonabalanceand
totallossinmassrecordedaftereverytwominutesasinthetable
below.

Time(minutes) 0.0 2.0 4.0 6.0 8.0 10.0 12.0
Lossinmass(g) 0.0 1.8

0
2.45 2.9

5
3.20 3.25 3.25

(a)Whywastherealossinmass?
Carbon(IV)oxidegaswasproducedthatescapetothesurrounding

(b)Calculatetheaveragerateoflossinmassbetween:
(i)0to2minutes

Averagerate=M2-M1 =>1.80–0.0 =1.8 =9.00gmin-1

T2-T1 2.0–0.0 2

(i)6to8minutes

Averagerate=M2-M1 =>3.20–2.95 =0.25 =0.125gmin-1

T2-T1 8.0–6.0 2
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(iii)Explainthedifferencebetweentheaverageratesofreactionin
(i)and(ii)above.
Between0and2minutes,theconcentrationofmarblechipsand
hydrochloricacidishighthereforethereisahighercollision
frequencybetweenthereactingparticlesleadingtohighsuccessful
rateofformationofproducts.
Between6and8minutes,theconcentrationofmarblechipsand
hydrochloricacidislowthereforethereislowcollisionfrequency
betweenthereactingparticlesleadingtolesssuccessfulrateof
formationofproducts.

(c)Writetheequationforthereactionthattakesplace.
CaCO3(s)+2HCl(aq)->CaCO3(aq)+H2O(l)+CO2(g)

(d)Stateandexplainthreewaysinwhichtherateofreactioncouldbe
increased.

(i)Heatingtheacid-increasingthetemperatureofthereacting
particlesincreasestheirkineticenergyandthuscollisionfrequency.

(ii)Increasingtheconcentrationoftheacid-increasingin
concentrationreducesthedistancesbetweenthereactingparticles
increasingtheirchancesofeffective/fruitful/successfulcollisiontoform
productsfaster.

(iii)Crushingthemarblechipstopowder-thisreducestheparticle
size/increasesurfaceareaincreasingtheareaofcontactbetween
reactingparticles.

(e)Ifthesolutioninthebeakerwasevaporatedtodrynessthenleft
overnightintheopen,explainwhatwouldhappen.
Itbecomeswetbecausecalcium (II)chlorideabsorbswaterfrom the
atmosphereandform solution/isdeliquescent.

(f)Whensodium sulphate(VI)wasaddedtoaportionofthecontentsin
thebeakerafterthereaction,awhiteprecipitatewasformed.

(i)Namethewhiteprecipitate.
Calcium(II)sulphate(VI)

(ii)Writeanionicequationfortheformationofthewhite
precipitate
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Ca2+(aq)+SO4
2-(aq)->CaSO4(s)

(iii)Stateoneuseofthewhiteprecipitate
-Makingplasterforbuilding
-ManufactureofplasterofParis
-Makingsulphuric(VI)acid

(g)(i)Plotagraphoftotallossinmass(y-axes)againsttime
(ii)From thegraph,determinetherateofreactionattime2minutes.
From atangent/slopeat2minutes;
Rateofreaction=Averagerate=M2-M1=>2.25–1.30=0.95=0.3958g

min-1

T2-T1 3.20–0.8 2.4
(iii)Sketchonthesameaxesthegraphthatwouldbeobtainedif0.02M
hydrochloricacidwasused.LabelitcurveII

e)Influenceofcatalystonrateofreaction

Catalystisasubstancethataltertherate/speedofachemicalreaction
butremainchemicallyunchangedattheendofareaction.Biological
catalystsarecalledenzymes.Acatalystdoesnotaltertheamountof
productsformedbutitselfmaybealteredphysicallye.g.from solidto
powdertofinepowder.Likebiologicalenzymes,acatalystonlycatalyse
specifictypeofreactions
Mostindustrialcatalystsaretransitionmetalsortheircompounds.

CatalystworksbyloweringtheEnthalpyofactivation(ΔHa)/activation
energy(Ea)ofthereactants.ThecatalystlowerstheEnthalpyof
activation(ΔHa)/activationenergy(Ea)by:

(i)formingshortlivedintermediatecompoundscalledactivated
complexthatbreakuptoform thefinalproduct/s

(ii)beingabsorbedbythereactantsthusprovidingthesurfacearea
onwhichreactionoccurs.
AcatalysthasnoeffectontheenthalpyofreactionΔHrbutonlylowers
theEnthalpyofactivation(ΔHa)/activationenergy(Ea)Itthusdonot
affect/influencewhetherthereactionisexothermicorendothermicas
shownintheenergyleveldiagramsbelow.
Energyleveldiagram showingtheactivationenergyforexothermic
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processes/reactions.
Activatedcomplex

EaCatalysed

Energyleveldiagram showingtheactivationenergyforendothermic
processes/reactions.

Activatedcomplex

Thefollowingaresomecatalysedreactionprocesses.

(a)Thecontactprocess
Vanadium(V)Oxide(V2O5)orplatinum(Pt)catalysestheoxidationof

A

A B

B
Energy

kJ

Reactionpath/coordinate/path

Ea

A-A B-B

A-B A-B

A

A B

B
Energy

kJ

Reactionpath/coordinate/path

Ea

A-A B-B

A-B A-B

ΔHr
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sulphur(IV)oxideduringthemanufactureofsulphuric(VI)acidfrom
contactprocess.

SO2(g) + O2(g)----V2O5--> SO3(g)

Toreduceindustrialcostofmanufactureofsulphuric(VI)acidfrom
contactprocessVanadium(V)Oxide(V2O5)isusedbecauseitischeaper
thoughitiseasilypoisonedbyimpurities.

(b)Ostwaldsprocess
Platinum promotedwithRhodium catalysestheoxidationofammoniato
nitrogen(II)oxideandwaterduringthemanufactureofnitric(V)acid

4NH3(g) + 5O2(g)----Pt/Rh--> 4NO(g)+6H2O(l)

(c)Haberprocess
Platinum orironcatalysesthecombinationofnitrogenandhydrogento
form ammoniagas

N2(g)+3H2(g)---PtorFe--->2NH3(g)

(d)Hydrogenation/Hardeningofoiltofat

Nickel(Ni)catalysesthehydrogenationofunsaturatedcompound
containing -C=C-or–C=C-tosaturatedcompoundswithout
doubleortriplebond
Thisprocessisusedisusedinhardeningoiltofat.

(e)Decompositionofhydrogenperoxide
Manganese(IV)oxidespeedsuptherateofdecompositionofhydrogen
peroxidetowaterandoxygengas.
Thisprocess/reactionisusedintheschoollaboratorypreparationof
Oxygen.

2H2O2(g)----MnO2--> O2(g)+2H2O(l)

(f)Reactionofmetalswithdilutesulphuric(VI)acid
Copper(II)sulphate(VI)speedsuptherateofproductionofhydrogengas
from thereactionofZincanddilutesulphuric(VI)acid.
Thisprocess/reactionisusedintheschoollaboratorypreparationof
Hydrogen.

H2SO4(aq)+Zn(s)----CuSO4--> ZnSO4(aq)+H2(g)
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(g)Substitutionreactions
WhenplacedinbrightsunlightorU.V/ultravioletlight,amixtureofa
halogenandanalkaneundergosubstitutionreactionsexplosivelyto
form halogenoalkanes.Whenpacedindiffusedsunlightthereactionis
veryslow.

e.g.CH4(g) + Cl2(g)---u.v.light--> CH3Cl(g)+ HCl(g)

(h)Photosynthesis
Plantsconvertcarbon(IV)oxidegasfrom theatmosphereandwaterfrom
thesoiltoform glucoseandoxygenasabyproductusingsunlight/
ultravioletlight.

6CO2(g) + 6H2O(l)---u.v.light--> C6H12O6(g)+ O2(g)

(i)Photography
Photographicfilm containssilverbromideemulsionwhichdecomposes
tosilverandbromineonexposuretosunlight.

2AgBr(s)---u.v/sunlight-->2Ag(s)+Br2(l)

Whendeveloped,thesilverdepositsgivethepictureoftheobjectwhose
photographwastakendependingonintensityoflight.Apicture
photographedindiffusedlightisthereforeblurred.

Practicaldeterminationofeffectofcatalystondecompositionof
hydrogenperoxide

Measure5cm3of20volumehydrogenperoxideandthendilutetomake
40cm3inameasuringcylinderbyaddingdistilledwater.
Divideitintotwoequalportions.

(i)Transferone20cm3volumehydrogenperoxideintoaconical/round
bottomed/flatbottomedflask.Corkandswirlfor2minutes.Removethe
cork.Testthegasproducedusingaglowingsplint.Cleanthe
conical/roundbottomed/flatbottomedflask.

(ii)Put2.0gofManganese(IV)oxideintothecleanconical/round
bottomed/flatbottomedflask.Stoppertheflask.
Transferthesecondportionofthe20cm3volumehydrogenperoxideinto
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aconical/roundbottomed/flatbottomedflaskthroughthe
dropping/thistlefunnel.Connectthedeliverytubetoa
calibrated/graduatedgasjarasinthesetupbelow.
Startoffthestopwatchanddeterminethevolumeofgasinthe
calibrated/graduatedgasjarafterevery30secondstocompleteTable1.

(iii)Weighafilterpaper.Usethefilterpapertofilterthecontentsofthe
conicalconical/roundbottomed/flatbottomedflask.Puttheresidueon
asandbathtodry.Weighthedryfilterpaperagain.Determinethenew
massManganese(IV)oxide.

MassofMnO2beforereaction(g) MassofMnO2afterreaction(g)
2.0 2.0

Plotagraphofvolumeofgasproducedagainsttime(x-axes)

Time(second
s)

0.0 30.0 60.0 90.0 120.
0

150.
0

180.0 210.
0

240.
0

270.
0

Volumeof
gas(cm3)

0.0 20.0 40.0 60.0 80.0 90.0 95.0 96.0 96.0 96.0

Catalysedreaction
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b)Onthesameaxes,plotagraphoftheuncatalysedreaction.
(c)Explainthechangesinmassofmanganese(IV)oxidebeforeandafter
thereaction.
ThemassofMnO2beforeandafterthereactionisthesamebutamore
finepowderaftertheexperiment.Acatalystthereforeremains
unchangedchemicallybutmayphysicallychange.

B.EQUILIBRIA(CHEMICALCYBERNETICS)
Equilibrium isastateofbalance.
Chemicalequilibrium isstateofbalancebetweenthereactantsand
products.
Asreactantsform products,someproductsform backthereactants.
Reactionsinwhichthereactantsform productstocompletionaresaid

tobereversiblei.e.
A + B -> C + D

Reactionsinwhichthereactantsform productsandtheproductscan
reform thereactantsaresaidtobereversible.

A + B C + D
Reversiblereactionsmaybe:

(a)Reversiblephysicalchanges
(b)Reversiblechemicalchanges
(c)Dynamicequilibrium

(a)Reversiblephysicalchanges

Reversiblephysicalchangeisonewhichinvolves:
(i)changeofstate/phasefrom solid,liquid,gasoraqueous

solutions.Statesofmatterareinterconvertibleandareactioninvolvinga
changefrom onestate/phasecanbereversedbacktotheoriginal.

(ii)colourchanges.Somesubstances/compoundschangetheir

Uncatalysedreaction
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colourswithoutchangeinchemicalsubstance.

Examplesofreversiblephysicalchanges

(i)colourchangeonheatingandcooling:

I.Zinc(II)Oxidechangesfrom whitewhencool/coldtoyellowwhen
hot/heatedandback.

ZnO(s) ZnO(s)
(whitewhencold) (yellowwhenhot)

II.Lead(II)Oxidechangesfrom yellowwhencold/cooltobrown
whenhot/heatedandback.

PbO(s) PbO(s)
(brownwhenhot) (yellowwhencold)

(ii)Sublimation

I.Iodinesublimesfrom agreycrystallinesolidonheatingtopurple
vapour.Purplevapourundergoesdepositionbacktothegreycrystalline
solid.

I2(s) I2(g)
(greycrystallinesolid (purplevapour
undergosublimation) undergodeposition)

II.Carbon(IV)oxidegasundergoesdepositionfrom acolourless
gastoawhitesolidatveryhighpressuresinacylinder.Itsublimesback
tothecolourlessgasifpressureisreduced

CO2(s) CO2(g)
(whitepowderysolid (colourless/odourlessgas
undergosublimation) undergodeposition)

(iii)Melting/freezingandboiling/condensation
Iceonheatingundergomeltingtoform aliquid/water.Liquid/wateron
furtherheatingboil/vaporizestoform gas/watervapour.Gas/water
vapouroncooling,condenses/liquidifiestowater/liquid.Onfurther
cooling,liquidwaterfreezestoice/solid.

Melting boiling
Freezing condensing

H2O(s) H2O(l) H2O(s)
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(iv)Dissolving/crystallization/distillation
Solidcrystalsofsolublesubstances(solutes)dissolveinwater/solvents
toform auniform mixtureofthesoluteandsolvent/solution.On
crystallization/distillation/evaporationthesolventevaporateleavinga
soluteback.e.g.

NaCl(s) +aq NaCl(aq)

(b)Reversiblechemicalchanges

Thesearereactionsthatinvolveachemicalchangeofthereactants
whichcanbereversedbackbyrecombiningthenewsubstance
formed/products.

ExamplesofReversiblechemicalchanges

(i)HeatingHydratedsalts/addingwatertoanhydroussalts.

Whenhydratedsaltsareheatedtheylosesome/alltheirwaterof
crystallizationandbecomeanhydrous.Heatinganunknownsubstance
/compoundthatformsacolourlessliquiddropletsonthecoolerpartsof
adrytest/boilingtubeisinfactaconfirmationinferencethatthe
substance/compoundbeingheatedishydrated.
Whenanhydroussaltsareadded(back)somewatertheyform hydrated
compound/salts.

HeatingCopper(II)sulphate(VI)pentahydrateandcobalt(II)chloride
hexahydrate

(i)Heatabout5.0gofCopper(II)sulphate(VI)pentahydrateinaclean
drytesttubeuntilthereisnofurthercolourchangeonasmallBunsen
flame.Observeanychangesonthesideofthetest/boilingtube.Allow
theboilingtubetocool.Addabout10dropsofdistilledwater.Observe
anychanges.

(ii)Dipafilterpaperinasolutionofcobalt(II)chloridehexahydrate.
PassoneendthefilterpapertoasmallBunsenflamerepeatedly.
Observeanychangesonthefilterpaper.Dipthepaperinabeaker
containingdistilledwater.Observeanychanges.

Sampleobservations
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Hydrated
compound

Observation
beforeheating

Observationafterheating Observationon
addingwater

Copper(II)sulpha
te
(VI)
pentahydrate

Blue
crystalline
solid

(i)colourchangesfrom
bluetowhite.
(ii)colourlessliquidforms
onthecoolerpartsof
boiling/testtube

(i)colourchanges
from whitetoblue
(ii)boilingtube
becomeswarm
/hot.

Cobalt(II)chlorid
ehexahydrate

Pink
crystalline
solid/solution

(i)colourchangesfrom
pinktoblue.
(ii)colourlessliquidforms
onthecoolerpartsof
boiling/testtube(if
crystalareused)

(i)colourchanges
from bluetopink
(ii)boilingtube
becomes
warm/hot.

WhenblueCopper(II)sulphate(VI)pentahydrateisheated,itlosesthe
fivemoleculesofwaterofcrystallizationtoform whiteanhydrous
Copper(II)sulphate(VI).Waterofcrystallizationform andcondensesas
colourlessdropletsonthecoolerpartsofadryboiling/testtube.
Thisisachemicalchangethatproducesanewsubstance.Onadding
dropsofwatertoananhydrouswhitecopper(II)sulphate(VI)thehydrated
compoundisformedback.Thechangefrom hydratedtoanhydrousand
backisthereforereversiblechemicalchange.Bothanhydrouswhite
copper(II)sulphate(VI)andbluecobalt(II)chloridehexahydrateare
thereforeusedtotestforthepresenceofwaterwhentheyturntoblue
andpinkrespectively.

CuSO4(s) + 5H2O(l) CuSO4
.5H2O(s/aq)

(white/anhydrous) (blue/hydrated)

CoCl2(s) + 6H2O(l) CoCl2
.6H2O(s/aq)

(blue/anhydrous) (pink/hydrated)

(ii)Chemicalsublimation
Somecompoundssublimefrom solidtogasbydissociatingintonew
differentcompounds.e.g.

Heatingammonium chloride
(i)Dipaglassrodcontainingconcentratedhydrochloricacid.Bringitnear
themouthofabottlecontainingconcentratedammoniasolution.Explain
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theobservationsmade.
Whenaglassrodcontaininghydrogenchloridegasisplacednear
ammoniagas,theyreacttoform ammonium chloridesolidthatappear
aswhitefumes.
Thisexperimentisusedinterchangeablytotestforthepresenceof

hydrogenchloridegas(andhenceCl-ions)andammoniagas(andhence

NH4
+ions)

(ii)Put2.0gofammonium chlorideinalongdryboilingtube.Placewet/
moist/dampblueandredlitmuspapersseparatelyonthesidesofthe
mouthoftheboilingtube.Heattheboilingtubegentlythenstrongly.
Explaintheobservationsmade.
Whenammonium chlorideisheateditdissociatesintoammoniaand
hydrogenchloridegases.Sinceammoniaislessdense,itdiffusesfaster
toturnbothlitmuspapersbluebeforehydrogenchlorideturnred
becauseitisdenser.Theheatingandcoolingofammonium chlorideis
thereforeareversiblechemicalchange.

NH3(g) + HCl(g) NH4Cl(s)
(Turnsmoist (Turnsmoist (formswhitefumes)
litmuspaperblue) litmuspaperred)

(c)Dynamicequilibria

Forreversiblereactionsinaclosedsystem:
(i)atthebeginning;

-thereactantsaredecreasinginconcentrationwithtime
-theproductsareincreasinginconcentrationwithtime

(ii)aftersometimeapointisreachedwhenasthereactantsareforming
productstheproductsareformingreactants.Thisiscalledequilibrium.
Sketchshowingthechangesinconcentrationofreactantsandproducts
inaclosedsystem

Reactants

concentration

decreasestoform

products
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Forasystem inequilibrium:
(i)areactionfrom lefttoright(reactantstoproducts)iscalled

forwardreaction.
(ii)areactionfrom righttoleft(productstoreactants)iscalled

backwardreaction.
(iii)areactioninwhichtherateofforwardreactionisequaltothe

rateofbackwardreactioniscalledadynamicequilibrium.

Adynamicequilibrium isthereforeabalanceoftherateofformationof
productsandreactants.Thisbalancecontinuesuntilthereactantsor
productsaredisturbed/changed/altered.
Theinfluenceofdifferentfactorsonadynamicequilibrium wasfirst
investigatedfrom 1850-1936bytheFrenchChemistLouisHenryLe
Chatellier.HisfindingswerecalledLeChatelliersPrinciplewhichstates
that:

“ifastress/changeisappliedtoasystem indynamicequilibrium,
thesystem readjust/shift/move/behavesoastoremove/reduce/
counteract/opposethestress/change”

LeChatelliersPrincipleisappliedindeterminingtheeffect/influenceof
severalfactorsonsystemsindynamicequilibrium.Thefollowingarethe
mainfactorsthatinfluence/alter/affectsystemsindynamicequilibrium:

(a)Concentration
(b)Pressure
(c)Temperature

Products

concentration

increasesfrom

Equilibrium established/rateof

formationofproductsequaltorateof

formationofreactants.

Concentratio

n

Reactionprogress/path/coordinate
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(d)Catalyst

(a)Influenceofconcentrationondynamicequilibrium

Anincrease/decreaseinconcentrationofreactants/productsat
equilibrium isastress.From LeChatelliersprinciplethesystem redjust
soastoremove/addtheexcessreducedconcentration.

Examplesofinfluenceofconcentrationondynamicequilibrium

(i)Chromate(VI)/CrO4
2-ionsinsolutionareyellow.Dichromate(VI)/Cr2O7

2

-ionsinsolutionareorange.Thetwosolutionsexistinequilibrium asin
theequation:

2H+(aq)+2CrO4
2-(aq) Cr2O7

2-(aq)+H2O(l)
(Yellow) (Orange)

I.Ifanacidis/H+(aq)isaddedtotheequilibrium mixtureastressis

createdonthereactantsidewherethereisalreadyH+ions.The
equilibrium shiftforwardtotherighttoremove/reducetheexcess

H+ionsadded.SolutionmixturebecomesMoreCr2O7
2-ionsformed

inthesolutionmixturemakeittobemoreorangeincolour.

II.Ifabase/OH-(aq)isaddedtotheequilibrium mixtureastressis

createdonthereactantsideontheH+ions.H+ionsreactwithOH-

(aq)toform water.

H+(aq)+OH-(aq)->H2O(l)

Theequilibrium shiftbackwardtothelefttoadd/replacetheH+

ionsthathavereactedwiththeOH-(aq)ions.MoreoftheCrO4
2-

ionsformedinthesolutionmixturemakesittobemoreyellowin
colour.

2OH-(aq)+2Cr2O7
2-(aq) CrO4

2-(aq) + H2O(l)
(Orange) (Yellow)

I.Ifanacid/H+(aq)isaddedtotheequilibrium mixturea

stressiscreatedonthereactantsideontheOH-(aq).H+ionsreact
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withOH-(aq)toform water.

H+(aq)+OH-(aq)->H2O(l)

Theequilibrium shiftbackwardtothelefttoadd/replacethe2OH-

(aq)thathavereactedwiththeH+(aq)ions.MoreCr2O7
2-(aq)ions

formedinthesolutionmixturemakesittobemoreOrangeincolour.

II.Ifabase/OH-(aq)isaddedtotheequilibrium mixtureastressis

createdonthereactantsidewherethereisalreadyOH-(aq)ions.
Theequilibrium shiftforwardtotherighttoremove/reducethe

excessOH-(aq)ionsadded.MoreoftheCr2O7
2-ionsareformedin

thesolutionmixturemakingittobemoreorangeincolour.

(i)Practicaldeterminationoftheinfluenceofalkali/acidonCr2O7
2-/

CrO4
2-equilibrium mixture

Measureabout2cm3ofPotassium dichromate(VI)solutionintoa
testtube.

Notethatthesolutionmixtureisorange.
Addthreedropsof2M sulphuric(VI)acid.Shakethemixture

carefully.
Notethatthesolutionmixtureisremainsorange.

Addaboutsixdropsof2M sodium hydroxidesolution.Shake
carefully.

Notethatthesolutionmixtureisturnsyellow.
Explanation
Theaboveobservationscanbeexplainedfrom thefactthatboth
thedichromate(VI)andchromate(VI)existinequilibrium.
Dichromate(VI)ionsarestableinacidicsolutionswhile
chromate(VI)ionsarestableinbasicsolutions.Anequilibrium exist
thus:

OH-

H+

Whenan acidisadded,theequilibrium shiftforward

totherightandthemixturebecomemoreorangeasmoreCr2O7
2-

ionsexist.

Cr2O7
2- CrO4

2-
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Whenabaseisadded,theequilibrium shiftbackwardtotheleft

andthemixturebecomemoreyellowasmoreCrO4
2-ionsexist.

(ii)Practicaldeterminationoftheinfluenceofalkali/acidonbromine
waterinanequilibrium mixture

Measure2cm3ofbrominewaterintoaboilingtube.Noteitscolour.
Brominewaterisyellow

Addthreedropsof2M sulphuric(VI)acid.Noteanycolourchange
Colourbecomesmoreyellow

Addsevendropsof2M sodium hydroxidesolution.Noteanycolour
change.
Solutionmixturebecomescolourless/Brominewateris
decolourized.
Explanation
Whenaddeddistilledwater,anequilibrium existbetweenbromine

liquid(Br2(aq))andthebromideion(Br-),hydrobromiteion(OBr-)and

hydrogenion(H+)asintheequation:

H2O(l)+Br2(aq) OBr-(aq)+H+(aq)+Br-(aq)

Ifanacid(H+)ionsisaddedtotheequilibrium mixture,itincreases
theconcentrationoftheionsontheproductsidewhichshiftbackwards

tothelefttoremovetheexcessH+ionsontheproductsidemakingthe
colourofthesolutionmixturemoreyellow.

Ifabase/alkaliOH-isaddedtotheequilibrium mixture,itreacts

withH+ionsontheproductsidetoform water.

H+(aq)+OH-(aq)->H2O(l)

ThisdecreasestheconcentrationoftheH+ionsontheproductside

whichshifttheequilibrium forwardtotherighttoreplaceH+ionsmaking
thesolutionmixturecolourless/lessyellow(Brominewateris
decolorized)

(iii)Practicaldeterminationoftheinfluenceofalkali/acidon
commonacid-baseindicators.

Place2cm3ofphenolphthalein,methylorangeandlitmussolutionseach
inthreeseparatetesttubes.
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Toeachtesttubeaddtwodropsofwater.Recordyourobservationsin
Table1below.
Tothesametesttubes,addthreedropsof2M sulphuric(VI)acid.Record
yourobservationsinTable1below.
Tothesametesttubes,addsevendropsof2M sodium hydroxide
solution.RecordyourobservationsinTable1below.
Tothesametesttubes,repeataddingfourdropsof2M sulphuric(VI)acid.
Table1
Indicator Colourofindicatorin

Water Acid(2M sulphuric
(VI)acid)

Base(2M sodium
hydroxide)

Phenolphthalein Colourless Colourless Pink
Methylorange Yellow Red Orange
Litmussolution Colourless Red Blue

Explanation
Anindicatorisasubstancewhichshowswhetheranothersubstanceis
anacid,baseorneutral.
Mostindicatorscanberegardedasveryweakacidsthatarepartially
dissociatedintoions.Anequilibrium existbetweentheundissociated
moleculesandthedissociatedanions.Boththemoleculesandanions
arecoloured.i.e.

HIn(aq) H+(aq)+In-(aq)
(undissociatedindicator (dissociatedindicator
molecule(coloured)) molecule(coloured))

WhenanacidH+isaddedtoanindicator,theH+ionsincreaseand

equilibrium shiftbackwardtoremoveexcessH+ionsandthereforethe
colouroftheundissociated(HIn)moleculeshows/appears.

Whenabase/alkaliOH-isaddedtotheindicator,theOH-reactswithH+

ionsfrom thedissociatedindicatortoform water.

H+(aq) + OH-(aq) ->H2O(l)
(from indicator) (from alkali/base)

Theequilibrium shiftforwardtotherighttoreplacetheH+ionand

thereforethecolourofdissociated(In-)moleculeshows/appears.
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Thefollowingexamplesillustratetheabove.
(i)Phenolphthaleinindicatorexistas:

HPh H+(aq) + Ph-(aq)
(colourlessmolecule) (Pinkanion)

Onaddinganacid,equilibrium shiftbackwardtothelefttoremove

excessH+ionsandthesolutionmixtureisthereforecolourless.

Whenabase/alkaliOH-isaddedtotheindicator,theOH-reactswithH+

ionsfrom thedissociatedindicatortoform water.

H+(aq) + OH-(aq) ->H2O(l)
(from indicator) (from alkali/base)

Theequilibrium shiftforwardtotherighttoreplacethe

removed/reducedH+ions.Thepinkcolourofdissociated(Ph-)molecule
shows/appears.

(ii)MethylOrangeindicatorexistsas:

HMe H+(aq) + Me-(aq)
(Redmolecule) (Yellow/Orangeanion)

Onaddinganacid,equilibrium shiftbackwardtothelefttoremove

excessH+ionsandthesolutionmixtureisthereforered.

Whenabase/alkaliOH-isaddedtotheindicator,theOH-reactswithH+

ionsfrom thedissociatedindicatortoform water.

H+(aq) + OH-(aq) ->H2O(l)
(from indicator) (from alkali/base)

Theequilibrium shiftforwardtotherighttoreplacethe

removed/reducedH+ions.TheOrangecolourofdissociated(Me-)
moleculeshows/appears.

(b)InfluenceofPressureondynamicequilibrium
Pressureaffectsgaseousreactants/products.Increaseinpressure
shift/favourstheequilibrium towardsthesidewithless
volume/molecules.Decreaseinpressureshifttheequilibrium towards
thesidewithmorevolume/molecules.Moreyieldofproductsisobtained
ifhighpressuresproducelessmolecules/volumeofproductsare
formed.
Iftheproductsandreactantshaveequalvolume/moleculesthen
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pressurehasnoeffectonthepositionofequilibrium
Thefollowingexamplesshowtheinfluenceofpressureondynamic
equilibrium:

(i)Nitrogen(IV)oxide/Dinitrogentetroxidemixture

Nitrogen(IV)oxideanddinitrogentetraoxidecanexistindynamic
equilibrium inaclosedtesttube.Nitrogen(IV)oxideisabrowngas.
Dinitrogentetraoxideisayellowgas.
Chemicalequation: 2NO2(g) ===== N2O4(g)
GayLussacslaw 2Volume 1Volume
Avogadroslaw 2molecule 1molecule

2volumes/moleculesofNitrogen(IV)oxideform 1volumes/molecules
ofdinitrogentetraoxide
Increaseinpressureshifttheequilibrium forwardtotheleftwherethere
islessvolume/molecules.Theequilibrium mixturebecomemoreyellow.
Decreaseinpressureshifttheequilibrium backwardtotherightwhere
thereismorevolume/molecules.Theequilibrium mixturebecomemore
brown.

(ii)Iodinevapour-Hydrogengas/HydrogenIodidemixture.
PurehydrogengasreactswithIodinevapourtoform HydrogenIodide
gas.
Chemicalequation: I2(g) + H2(g) ===== 2HI(g)
GayLussacslaw 1Volume 1Volume 2Volume

Avogadroslaw 1molecule 1molecule
2molecule

(1+1)2volumes/moleculesofIodineandHydrogengasform 2
volumes/moleculesofHydrogenIodidegas.
Changeinpressurethushasnoeffectonpositionofequilibrium.

(iii)Haberprocess.
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IncreaseinpressureoftheNitrogen/Hydrogenmixturefavoursthe
formationofmoremoleculesofAmmoniagasinHaberprocess.
Theyieldofammoniaisthusfavouredbyhighpressures

Chemicalequation:N2(g) + 3H2(g) -> 2NH3(g)
GayLussacslaw 1Volume 3Volume 2Volume
Avogadroslaw 1molecule 3molecule 2molecule

(1+3)4volumes/moleculesofNitrogenandHydrogenreacttoform 2
volumes/moleculesofammonia.
Increaseinpressureshifttheequilibrium forwardtotheleftwherethere
islessvolume/molecules.
Theyieldofammoniaincrease.
Decreaseinpressureshifttheequilibrium backwardtotherightwhere
thereismorevolume/molecules.
Theyieldofammoniadecrease.

(iv)Contactprocess.
IncreaseinpressureoftheSulphur(IV)oxide/Oxygenmixturefavoursthe
formationofmoremoleculesofSulphur(VI)oxidegasinContactprocess.
TheyieldofSulphur(VI)oxidegasisthusfavouredbyhighpressures.

Chemicalequation:2SO2(g) + O2(g) -> 2SO3(g)
GayLussacslaw 2Volume 1Volume 2Volume
Avogadroslaw 2molecule 1molecule 2molecule

(2+1)3volumes/moleculesofSulphur(IV)oxide/Oxygenmixturereact
toform 2volumes/moleculesofSulphur(VI)oxidegas.
Increaseinpressureshifttheequilibrium forwardtotheleftwherethere
islessvolume/molecules.TheyieldofSulphur(VI)oxidegasincrease.
Decreaseinpressureshifttheequilibrium backwardtotherightwhere
thereismorevolume/molecules.TheyieldofSulphur(VI)oxidegas
decrease.

(v)Ostwaldsprocess.
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IncreaseinpressureoftheAmmonia/Oxygenmixturefavoursthe
formationofmoremoleculesofNitrogen(II)oxidegasandwatervapour
inOstwaldsprocess.TheyieldofNitrogen(II)oxidegasandwatervapour
isthusfavouredbylowpressures.

Chemicalequation:4NH3(g) +5O2(g) ->4NO(g) + 6H2O(g)
GayLussacslaw 4Volume 5Volume 4Volume 6Volume
Avogadroslaw 4molecule 5molecule 4molecule
6Molecule

(4+5)9volumes/moleculesofAmmonia/Oxygenmixturereactto
form 10volumes/moleculesofNitrogen(II)oxidegasandwatervapour.
Increaseinpressureshifttheequilibrium backwardtotheleftwhere
thereislessvolume/molecules.TheyieldofNitrogen(II)oxidegasand
watervapourdecrease.
Decreaseinpressureshifttheequilibrium forwardtotherightwhere
thereismorevolume/molecules.TheyieldofNitrogen(II)oxidegasand
watervapourincrease.
Note
Ifthewatervapouriscondensedoncooling,then:
Chemicalequation:4NH3(g) +5O2(g) ->4NO(g) + 6H2O(l)
GayLussacslaw 4Volume 5Volume 4Volume 0Volume
Avogadroslaw 4molecule 5molecule 4molecule
0Molecule

(4+5)9volumes/moleculesofAmmonia/Oxygenmixturereactto
form 4volumes/moleculesofNitrogen(II)oxidegasandnovapour.

Increaseinpressureshifttheequilibrium forwardtotherightwhere
thereislessvolume/molecules.TheyieldofNitrogen(II)oxidegas
increase.

Decreaseinpressureshifttheequilibrium backwardtotheleftwhere
thereismorevolume/molecules.TheyieldofNitrogen(II)oxidegas
decrease.

(c)InfluenceofTemperatureondynamicequilibrium
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Adecreaseintemperaturefavoursthereactionthatliberate/generate
moreheatthusexothermicreaction(-ΔH).
Anincreaseintemperaturefavoursthereactionthatdonotliberate
/generatemoreheatthusendothermicreaction(+ΔH).
Endothermicreactionarethusfavouredbyhightemperature/heating
Exothermicreactionarefavouredbylowtemperature/cooling.

Ifareaction/equilibrium mixtureisneitherexothermicorendothermic,
thenachangeintemperature/cooling/heatinghasnoeffectonthe
equilibrium position.

(i)Nitrogen(IV)oxide/Dinitrogentetroxidemixture

Nitrogen(IV)oxideanddinitrogentetraoxidecanexistindynamic
equilibrium inaclosedtesttube.Nitrogen(IV)oxideisabrowngas.
Dinitrogentetraoxideisayellowgas.
Chemicalequation: 2NO2(g) ===== N2O4(g)
Onheating/increasingtemperature,themixturebecomesmorebrown.
Oncoolingthemixturebecomemoreyellow.
Thisshowthat

(i)theforwardreactiontotherightisexothermic(-ΔH).
Onheatinganexothermicprocesstheequilibrium shiftstotheside
thatgenerate/liberatelessheat.
(ii)thebackwardreactiontotherightisendothermic(+ΔH).

Oncoolinganendothermicprocesstheequilibrium shiftstothe
sidethatdonotgenerate/liberateheat.

(c)InfluenceofCatalystondynamicequilibrium

Acatalysthasnoeffectonthepositionofequilibrium.Itonlyspeedsup
therateofattainment.e.g.
Esterificationofalkanolsandalkanoicacidsnaturallytakeplacein
fruits.Inthelaboratoryconcentratedsulphuric(VI)acidcatalysethe
reaction.Theequilibrium mixtureformstheesterfasterbuttheyield
doesnotincrease.
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CH3CH2OH(l)+CH3COOH(l)==Conc.H2SO4==CH3COOCH2CH3(aq)+H2O(l)

(d)Influenceofrateofreactionanddynamicequilibrium (Optimum
conditions)onindustrialprocesses

Industrialprocessesarecommercialprofitoriented.Allindustrial
processestakeplaceinclosedsystemsandthusindynamicequilibrium.
Formanufacturers,obtainingthehighestyieldatminimum costand
shortesttimeisparamount.
Theconditionsrequiredtoobtainthehighestyieldofproductswithinthe
shortesttimeatminimum costarecalledoptimum conditions
Optimum conditionthusrequireunderstandingtheeffectofvarious
factorson:

(i)rateofreaction(Chemicalkinetics)
(ii)dynamicequilibrium(Chemicalcybernetics)

1.Optimum conditioninHaberprocess
Chemicalequation

N2(g)+ 3H2(g)===Fe/Pt===2NH3(g) ΔH=-92kJ

Equilibrium/Reactionrateconsiderations
(i)Removingammoniagasonceformedshifttheequilibrium forwardto

therighttoreplacetheammonia.More/higheryieldofammoniais
attained.

(ii)Increaseinpressureshifttheequilibrium forwardtotherightwhere
thereislessvolume/molecules.More/higheryieldofammoniais
attained.Veryhighpressuresraisesthecostofproductionbecausethey
areexpensivetoproduceandmaintain.Anoptimum pressureofabout
500atmospheresisnormallyused.

(iii)Increaseintemperatureshifttheequilibrium backwardtotheleft
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becausethereactionisexothermic(ΔH=-92kJ).Ammoniaformed
decomposesbacktoNitrogenandHydrogentoremoveexcessheat
thereforealessyieldofammoniaisattained.Verylowtemperature
decreasethecollisionfrequencyofNitrogenandHydrogenandthusthe
rateofreactiontooslowanduneconomical.

Anoptimum temperatureofabout450oCisnormallyused.

(iv)Ironandplatinum canbeusedascatalyst.Platinum isabetter
catalystbutmoreexpensiveandeasilypoisonedbyimpuritiesthanIron.
Ironispromoted/impregnatedwithAluminiumOxide(Al2O3)toincrease
itssurfacearea/areaofcontactwithreactantsandthusefficiency.The
catalystdoesnotincreasetheyieldofammoniabutitspeedupitsrate
offormation.

2.Optimum conditioninContactprocess

Chemicalequation

2SO2(g)+ O2(g)===V2O5/Pt===2SO3(g) ΔH=-197kJ

Equilibrium/Reactionrateconsiderations
(i)Removingsulphur(VI)oxidegasonceformedshifttheequilibrium

forwardtotherighttoreplacethesulphur(VI)oxide.More/higheryieldof
sulphur(VI)oxideisattained.

(ii)Increaseinpressureshifttheequilibrium forwardtotherightwhere
thereislessvolume/molecules.More/higheryieldofsulphur(VI)oxideis
attained.Veryhighpressuresraisesthecostofproductionbecausethey
areexpensivetoproduceandmaintain.Anoptimum pressureofabout1
-2atmospheresisnormallyusedtoattainabout96%yieldofSO3.

(iii)Increaseintemperatureshifttheequilibrium backwardtotheleft
becausethereactionisexothermic(ΔH=-197kJ).Sulphur(VI)oxide
formeddecomposesbacktoSulphur(IV)oxideandOxygentoremove
excessheatthereforealessyieldofSulphur(VI)oxideisattained.Very
lowtemperaturedecreasethecollisionfrequencyofSulphur(IV)oxide
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andOxygenandthustherateofreactiontooslowanduneconomical.

Anoptimum temperatureofabout450oCisnormallyused.

(iv)Vanadium(V)Oxideandplatinum canbeusedascatalyst.Platinum is
abettercatalystandlesseasilypoisonedbyimpuritiesbutmore
expensive.Vanadium(V)Oxideisverycheapevenifitiseasilypoisoned
byimpurities.ThecatalystdoesnotincreasetheyieldofSulphur
(VI)Oxidebutitspeedupitsrateofformation.

3.Optimum conditioninOstwaldsprocess

Chemicalequation

4NH3(g)+5O2(g)===Pt/Rh===4NO(g)+6H2O(g)ΔH=-950kJ

Equilibrium/Reactionrateconsiderations
(i)RemovingNitrogen(II)oxidegasonceformedshifttheequilibrium

forwardtotherighttoreplacetheNitrogen(II)oxide.More/higheryieldof
Nitrogen(II)oxideisattained.

(ii)Increaseinpressureshifttheequilibrium backwardtotheleftwhere
thereislessvolume/molecules.Less/loweryieldofNitrogen(II)oxideis
attained.Verylowpressuresincreasesthedistancebetweenreacting
NH3andO2molecules.
Anoptimum pressureofabout9atmospheresisnormallyused.

(iii)Increaseintemperatureshifttheequilibrium backwardtotheleft
becausethereactionisexothermic(ΔH=-950kJ).Nitrogen(II)oxideand
watervapourformeddecomposesbacktoAmmoniaandOxygento
removeexcessheatthereforealessyieldofNitrogen(II)oxideisattained.
VerylowtemperaturedecreasethecollisionfrequencyofAmmoniaand
Oxygenandthustherateofreactiontooslowanduneconomical.

Anoptimum temperatureofabout900oCisnormallyused.

(iv)Platinum canbeusedascatalyst.Platinum isveryexpensive.Itis:
-promotedwithRhodium toincreasethesurfacearea/areaof
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contact.
-added/coatedonthesurfaceofasbestostoform platinized
–asbestostoreducetheamount/quantityused.

ThecatalystdoesnotincreasetheyieldofNitrogen(II)Oxidebutitspeed
upitsrateofformation.

C.SAMPLEREVISIONQUESTIONS

1.Statetwodistinctivefeaturesofadynamicequilibrium.

(i)therateofforwardreactionisequaltotherateofforwardreaction
(ii)atequilibrium theconcentrationsofreactantsandproductsdonot
change.

2.Explaintheeffectofincreaseinpressureonthefollowing:

(i)N2(g) + O2(g)=====2NO(g)

GayLussacslaw 1Volume 1Volume 2Volume
Avogadroslaw 1molecule 1molecule 2molecule
2volumeonreactantsideproduce2volumeonproductside.
Increaseinpressurethushavenoeffectonpositionofequilibrium.

(ii)2H2(g) + CO(g) ===== CH3OH(g)

GayLussacslaw 2Volume 1Volume 1Volume
Avogadroslaw 2molecule 1molecule 1molecule
3volumeonreactantsideproduce1volumeonproductside.
Increaseinpressureshifttheequilibrium forwardtotheleft.Moreyield
ofCH3OHisformed.

4.Explaintheeffectofincreasingtemperatureonthefollowing:
2SO2(g) + O2(g) ===== 2SO3(g)ΔH=-189kJ

Forwardreactionisexothermic.Increaseintemperatureshiftthe
equilibrium backwardtoreducetheexcessheat.
5.120gofbrassanalloyofcopperandZincwasputitaflask
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containingdilutehydrochloricacid.Theflaskwasplacedonanelectric
balance.Thereadingsonthebalancewererecordedasinthetable
below

Time(Seconds) Massof
flask(grams)

Lossin
mass(grams)

0 600
20 599.50
40 599.12
60 598.84
80 598.66
100 598.54
120 598.50
140 598.50
160 598.50

(a)Completethetablebycalculatingthelossinmass

(b)Whatdoesthe“600”gram readingonthebalancerepresent
Theinitialmassofbrassandtheacidbeforeanyreactiontakeplace.

(c)PlotagraphofTime(x-axes)againstlossinmass.

(d)Explaintheshapeofyourgraph
Thereactionproducehydrogengasasoneoftheproductsthatescape
totheatmosphere.Thisdecreasesthemassofflask.After120
seconds,thereactiscomplete.Nomorehydrogenisevolved.Themass
offlaskremainconstant.

(d)Atwhattimewasthelossinmassequalto:
(i)1.20g
Readingfrom acorrectlyplottedgraph=

(ii)1.30g
Readingfrom acorrectlyplottedgraph=
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(iii)1.40g
Readingfrom acorrectlyplottedgraph=

(e)Whatwasthelossinmassat:

(i)50oC
Readingfrom acorrectlyplottedgraph=

(ii)70oC
Readingfrom acorrectlyplottedgraph=

(iii)90oCg
Readingfrom acorrectlyplottedgraph=
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