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ORGANICCHEMISTRY

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:
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n General/
Molecular
formula

Structuralformula Name

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
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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

Heptane

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;thismeansthe1stcarbonfrom
lefttorightisbondedtothreehydrogenatomsandonecarbonatom.
The2ndcarbonatom isjoined/bondedtotwoothercarbonatomsandtwoHydrogen
atoms.
3.Sincecarbonistetravalent,eachatom ofcarboninthealkaneMUSTalwaysbe
bondedusingfourcovalentbond/foursharedpairsofelectrons.
4.SinceHydrogenismonovalent,eachatom ofhydrogeninthealkaneMUSTalways

bebondedusingonecovalentbond/onesharedpairofelectrons.
5.Onememberofthealkanedifferfrom thenext/previousbyaCH2 group.
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e.g
Propanedifferfrom ethanebyonecarbonandtwoHydrogenatomsform ethane.
Ethanedifferfrom methanealsobyonecarbonandtwoHydrogenatoms
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
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4.Useprefixdi-,tri-,tetra-,penta-,hexa-toshowthenumberofbranchesattachedtothe
parentalkane.

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.
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Butaneistheparentname CH3CH2CH2CH3

2.Numberthelongestchainform theendofthechainthatisnearthebranchessoas
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”
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3.Determinetheposition,numberandtypeofbranches.Namethem asmethyl,ethyl,
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
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Br Br

(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
molecule

Commonnameof
fraction

Usesoffraction
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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
CH3CH2COONa(s) + NaOH(s) -> CH3CH3 + Na2CO3(s)

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

(d)Propertiesofalkanes
I.Physicalproperties

Alkanesarecolourlessgases,solidsandliquidsthatarenotpoisonous.
Theyareslightlysolubleinwater.
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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)
temperatureand
pressureatmosphere
(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
form carbon(II)oxideandwater.
Alkane + Air -> carbon(II)oxide + water(limitedair)

Examples
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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
leavinganalkylradical.
(iii)thealkylradicalcombinewiththeotherfreehalogenatom/radicaltoform

halogenoalkane.
(iv)thechlorineatomssubstituterepeatedlyinthealkane.Eachsubstitution



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 13

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

CH2Cl2(g) + Cl2(g) -> CHCl3(g) + HCl(g)

Cl H

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

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

H Br H Br
1,1,1-tribromoethane

H Br H Br
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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

ThesearehydrocarbonswithageneralformulaCnH2n and C C doublebondas
thefunctionalgroup.nisthenumberofCarbonatomsinthemolecule.
Thecarbonatomsarelinkedbyatleastonedoublebondtoeachotherandsingle

bondstohydrogenatoms.
Theyinclude:

n General/
Molecular

Structuralformula Name
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formula
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

H C C C C C C H

H H H H

CH2CH(CH2)3CH3

Hexene

7 C7H16 H H H H H H H

H C C C C C C C H

Hepten
e
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H H H H H H H

CH2CH(CH2)4CH3

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
bondedusingfourcovalentbond/foursharedpairsofelectronsincludingatthedouble
bond.
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
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(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
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.
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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

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
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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

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

H C H H H
H C H

H
H

5. H
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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

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



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 22

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)

(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
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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
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:Ethanolishighlyinflammable,andConcH2SO4ishighlycorrosiveonskin
contact.
(i)usingconentratedsulphuric(VI)acid
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Somebrokenporcelainorsandshouldbeputintheflaskwhenheatingto:
(i)preventbumpingwhichmaybreaktheflask.
(ii)ensureuniform andsmoothboilingofthemixture

Thetemperaturesshouldbemaintainedatabove160oC.
Atlowertemperaturesanothercompound-etherispredominantlyformedinsteadof
ethenegas.

(ii)Usingaluminium(III)oxide

(e)Propertiesofalkenes
I.Physicalproperties

Likealkanes,alkenesarecolourlesgases,solidsandliquidsthatarenotpoisonous.
Theyareslightlysolubleinwater.
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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
(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
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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)
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.
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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

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
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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.
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
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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
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
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H H H H

C = C + H–Br H-C–C-Br

H H H H
Ethene + Bromine bromoethane

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

Carbonatom with

moreHydrogen

atomsgetsextra
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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

(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
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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

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
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HO BrHO Br

(v)Oxidation.
Alkenesareoxidizedtoalkanolswithduo/doublefunctionalgroupsbyoxidizing

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

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
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H OSO3H H OH

H-C - C-H +H2O H-C–C-H +H2SO4

H H H H
ethylhydrogensulphate(VI)+H2O Ethanol

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
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(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

•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:
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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

Substituting 4760 = 170ethenemolecules
28

Thecommercialnameofpolyetheneispolythene.
Itisanelastic,tough,transparentanddurableplastic.
Polytheneisused:

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

2.FormationofPolychlorethene
Polychloroetheneisanadditionpolymerformedwhenchloroethene
molecule/monomerjointogethertoform alargemolecule/polymerathigh
temperaturesandpressure.
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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
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
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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

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• + …
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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,)

Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer
Molarmassmonomer

=>Molarmassethene(C8H8)=104Molarmasspolyethene=4760

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

Thecommercialnameofpolyphenyletheneispolystyrene.Itisaverylightdurable
plastic.Polystyreneisused:

(i)inmakingpackagingmaterialforcarryingdelicateitemslikecomputers,
radion,calculators.
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(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 • + …

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
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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
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+…
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(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
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:
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(i)inmakingplasticrope
(ii)waterpipes
(iii)cratesandboxes

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 -
Sulphuratoms

makecrosslink

betweenpolymers
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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.

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
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sootyflame.

Experiment
Scoopasampleofthesubstanceprovidedinacleanmetallicspatula.Introduceitona

Bunsenburner.

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

5 C5H8 H H H

H C C C C C H

H H H
CH C (CH2)2CH3

Pentyne
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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

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

bebondedusingonecovalentbond/onesharedpairofelectrons.
3.Onememberofthealkyne,likealkenesandalkanes,differfrom thenext/previousby



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 49

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
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
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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.Thereactionishighly
exothermicandthusalayerofsandshouldbeputabovethecalcium carbidetoabsorb
excessheattopreventthereactionflaskfrom breaking.Copper(II)sulphate(VI)isused
tocatalyzethereaction
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(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
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
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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
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



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 53

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
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.
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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

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
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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

I I I I

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

HC=CH + 2HBr H3C -CHBr2
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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

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

Carbonatom with

moreHydrogen

atomsgetsextra
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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

B.ALKANOLS(Alcohols)

(A)INTRODUCTION.

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

molecular
Structuralformula IUPAC

name
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formular
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
│

H H H H H H

Hexanol

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 H H H H H H H H Octanol
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C8H17OH
H C –C-C-C-C– C–C-C-O-H

│
H H H H H H H H

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:
(i)Likealkanes,identifythelongestcarbonchaintobetheparentname.
(ii)Identifythepositionofthe-OHfunctionalgrouptogiveitthesmallest/lowest
position.
(iii)Identifythetypeandpositionofthesidebranches.

Practiceexamplesofisomersofalkanols

(i)IsomersofpropanolC3H7OH
CH3CH2CH2OH -Propan-1-ol

OH
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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

OH Pentan-2-ol(Positionisomer)

CH3CH2CHCH2CH3

OH Pentan-3-ol(Positionisomer)

CH3
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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

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,
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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.

Schoollaboratorypreparationofethanolfrom fermentationofglucose
Measure100cm3ofpurewaterintoaconicalflask.
Addaboutfivespatulaendfullofglucose.
Stirthemixturetodissolve.
Addaboutonespatulaendfullofyeast.

Setuptheapparatusasbelow.

Conicalflask
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Preservethemixtureforaboutthreedays.

D.PHYSICALANDCHEMICALPROPERTIESOFALKANOLS
Usethepreparedsampleaboveforthefollowingexperimentsthatshowsthe

characteristicpropertiesofalkanols

(a)Roleofyeast
Yeastisasinglecellfunguswhichcontainstheenzymemaltaseandzymasethat
catalysethefermentationprocess.

(b)Observationsinlimewater.
Awhiteprecipitateisformedthatdissolvetoacolourlesssolutionlater.Lime
water/Calcium hydroxidereactswithcarbon(IV)0xideproducedduringthe
fermentationtoform insolublecalcium carbonateandwater.
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
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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.
Observation
Pureethanolhasaboilingpointof78oCatsealevel/oneatmospherepressure.
Explanation
Themeltingandboilingpointofalkanolsincreasewithincreaseinmolecular
chain/mass.
Thisisbecausetheintermolecular/van-der-waalsforcesofattractionbetweenthe
moleculesincrease.
Moreheatenergyisthusrequiredtoweakenthelongerchainduringmeltingandbreak
duringboiling.

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

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-->
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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

(ii)Orangecolour
ofK2Cr2O7turns
green.

pH=4/5/6

pH=4/5/6

Weaklyacidic

Weaklyacidic

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

(i)PurpleKMnO4isreducedtocolourlessMn2+

(ii)OrangeK2Cr2O7isreducedtogreenCr3+

ThepHofalkanoicacidsshowtheyhavefewH+becausetheyareweakacidsi.e

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

(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)



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 71

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
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).
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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)
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

Hydrogenbonds

Covalent
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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
formulaCnH2n+1COOHandthus-COOH asthefunctionalgroup.The1sttenalkanoic
acidsinclude:
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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

Thetablebelowshowssomephysicalpropertiesofalkanoicacids
Alkanol Melting Boiling Density(gcm-3) Solubilityin
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point(oC) point(oC) 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-COOHtoform
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
metalstoform alkanoatessaltandproduce/evolvehydrogengas.Hydrogen
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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)

Commercialnameofethan-1,2-dioicacidisoxalicacid.Thesaltissodium oxalate.
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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/½spatulaendfullof
sodium 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
formsawhiteprecipitatewithlime
water

H3O+/H+(aq)ion

Nitric(V)acid (i)effervescence,fizzing,bubbles H3O+/H+(aq)ion
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(ii)colourlessgasproducedthat
formsawhiteprecipitatewithlime
water

Allacidsreactwithhydrogencarbonate/carbonatetoform salt,waterand
evolve/producebubblesofcarbon(IV)oxideandwater.
Carbon(IV)oxideformsawhiteprecipitatewhenbubbledinlimewater/extinguishesa
burningsplint.
Alkanoicacidsreactwithhydrogencarbonate/carbonatetoform alkanoates,waterand
evolve/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
Place4cm3ofethanolacidinaboilingtube.
Addequalvolumeofethanoicacid.Tothemixture,add2dropsofconcentrated

sulphuric(VI)acidcarefully.Warm/heatgentlyonBunsenflame.
Pourthemixtureintoabeakercontaining50cm3ofwater.Smelltheproducts.Repeat
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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
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)
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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
Detergentsarecleaningagentsthatimprovethecleaningpower/propertiesofwater.A
detergentthereforeshouldbeableto:

(i)dissolvesubstanceswhichwatercannote.ggrease,oil,fat
(ii)bewashedawayaftercleaning.

Therearetwotypesofdetergents:
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(a)Soapydetergents
(b)Soaplessdetergents

(a)SOAPYDETERGENTS
Soapydetergentsusuallycalledsoapislongchainsaltoforganicalkanoic
acids.Commonsoapissodium octadecanoate.Itisderivedfrom reactingconcentrated
sodium hydroxidesolutionwithoctadecanoicacid(18carbonalkanoicacid)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

C17H35COOCH +NaOH->3C17H35COO-Na++ CHOH

C17H35COOCH2 CH2OH
Ester AlkaliSoap glycerol

Generally:
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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
withsoapydetergent,thenon-polartailofthesoapydetergentsurround/dissolveinthe
dirtonthegarment/grease/oilwhilethepolarheaddissolveinwater.
Throughmechanicalagitation/stirring/sqeezing/rubbing/beating/kneading,some
greaseisdislodged/liftedofthesurfaceofthegarment.Itisimmediatelysurrounded
bymoresoapmoleculesItfloatandspreadinthewaterastinydropletsthatscatter
lightinform ofemulsionmakingthewatercloudyandshinny.Itisremovedfrom the
garmentbyrinsingwithfreshwater.Therepulsionofthesoapheadprevent/ensurethe
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dropletsdonotmix.Onceremoved,thedirtmoleculescannotberedepositedback
becauseitissurroundedbysoapmolecules.

Advantagesanddisadvantagesofusingsoapydetergents
Soapydetergentsarebiodegradable.Theyareacteduponbybacteriaandrot.They
thusdonotcauseenvironmentalpollution.
Soapydetergentshavethediadvatageinthat:

(i)theyaremadefrom fatandoilswhicharebettereatenasfoodthanmakesoap.
(ii)formsaninsolubleprecipitatewithhardwatercalledscum.Scum isinsoluble

calcium octadecanoateandMagnesium octadecanoateformedwhensoapreactswith
Ca2+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)
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
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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.
Thetinydropletsofdirtemulsionmakesthewatercloudy.Onrinsingthecloudy
emulsioniswashedaway.

Advantagesanddisadvantagesofusingsoaplessdetergents
Soaplessdetergentsarenon-biodegradableunlikesoapydetergents.

Theypersistinwaterduringsewagetreatmentbycausingfoaminginrivers,lakesand
streamsleadingtomarine/aquaticdeath.
Soaplessdetergentshavetheadvantageinthatthey:
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(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

C17H35COOCH +3NaOH ->3C17H35COO-Na++ CHOH

C17H35COOCH2 CH2OH
Ester Alkali Soap glycerol

(d)GivetheIUPACnameof:
(i)ResidueX

Fat/oil KOH

Boiling Sodium

Chloride

Filtration

FiltrateY
ResidueX
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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

(i)Stateandexplainwhichsampleofwateris:
I.Soft

SampleB.Verylittlesoapisusedandnoeffectonamountofsoapevenon
boiling/heating.

II.Permanenthard
SampleC.Alotofsoapisusedandnoeffectonamountofsoapevenon
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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
Naturalorrainwaterflowing/passingthroughrockscontainingcalcium (chalk,
gypsum,limestone)andmagnesium compounds(dolomite)dissolvethem toform
solubleCa2+ andMg2+ionsthatcauseswaterhardness.

(v)Statetwousefulbenefitsofhardwater
-Usedinboneandteethformation
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-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

(i)advantageofcontinueduseofsubstanceB
-Doesnotform scum withhardwater
-Ischeaptomake
-Doesnotusefoodforhumanasarawmaterial.

(ii)disadvantageofcontinueduseofsubstanceB.

Oliveoil Conc.H2SO4

Icecold

water

BrownsolidA
6M sodium

hydroxide

SubstanceB
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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
Polarend

H3C –(CH2)16 –
Non-polarend

– O -SO3
-K+

(b)Isthemoleculeasoapyorsaoplessdetergent?
Soaplessdetergent
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(c)Stateoneadvantageofusingtheabovedetergent
-doesnotform scum withhardwater
-ischeaptomanufacture

D.POLYMERSANDFIBRES
Polymersandfibresaregiantmoleculesoforganiccompounds.Polymersandfibres
areformedwhensmallmoleculescalledmonomersjointogethertoform large
moleculescalledpolymersathightemperaturesandpressures.Thisprocessiscalled
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)
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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
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.
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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

•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
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-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

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 + …
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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
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
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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

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
reducesthevolumeoccupiedbyreactingparticles)
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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
Polypropenehasamolarmassof4760.Calculatethenumberofpropenemoleculesin
thepolymer(C=12.0,H=1.0,)
Numberofmonomers/repeatingunitsinmonomer=Molarmasspolymer
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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• + …

F F F F F F F F

(iii)thefreeradicalscollidewitheachotherandjointoform alargermolecule
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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

5.Formationofrubberfrom Latex
Naturalrubberisobtainedfrom rubbertrees.
Duringharvestinganincisionismadeontherubbertreetoproduceamilkywhite

substancecalledlatex.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 107

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

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

H H H H H H

Sulphuratoms

makecrosslink

betweenpolymers
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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

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

H H
Rubberisthusstrengthenedthroughvulcanizationandmanufactureofsynthetic
rubber.

(b)Condensationpolymerization
Condensationpolymerizationistheprocesswheretwoormoresmallmonomersjoin
togethertoform alargermoleculebyelimination/removalofasimplemolecule.
(usuallywater).
Condensationpolymersacquireadifferentnamefrom themonomersbecausethetwo

monomersaretwodifferentcompounds
Duringcondensationpolymerization:

(i)thetwomonomersarebroughttogetherbyhighpressuretoreducedistance
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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
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.
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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-
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
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Method2:Terylenecanbemadefrom thecondensationpolymerizationofbenzene-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

ThecommercialnameofteryleneisPolyester/polysterItisaatough,elasticand
durableplastic.Itisusedtomakeclothes,plasticropesandsailsandplasticmodel
kits.
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TOPICALQUESTIONSBASEDONPASTKCSEPAPERS

ORGANICCHEMISTRY1

1. Propaneandchlorinereactassownbelow

CH3CH2CH3+Cl2→CH3CH2CH2Cl+HCl

(a)Namethetypeofreactionthattakesplace (1mk)

(b)Statetheconditionsunderwhichthisreactiontakesplace (1mk)

2. (a) Nameonesubstanceusedforvulcanizationofrubber(1mk)

(b) Whyisitnecessarytovulcanizenaturalrubberbeforeuse (1mk)

3. R-COO–Na+andR–C6H5SO3–Na+representstwocleaningagentswhere“R”isalong
hydrocarbonchain.

(a) Writetheformulaofthesaltsthatwouldbeformedwheneachofthosecleaningagents
isaddedtowatercontainingcalcium ions (2mks)

(b) Explainhowthesolubilityofthetwocalcium salts(a)aboveeffectthecleaning
propertiesofeachofthecleaningagents. (2mks)

4.ThegeneralformulaforahomologousseriesoforganiccompoundsisCnH2n+1OH
(a) Givethenameandstructuralformulaofthefourthmemberofthisseries

(b) Writeanequationforthecompletecombustionofthefourthmemberofthisseries
(1mk)

5.
(a) Nameonenaturalfibre (1mk)

(b) Giveoneadvantageofsyntheticfibresovernaturalfibre (1mk)

6.Studythetablebelowandanswerthequestionsthatfollow

Alkanes Formula Heatofcombustion(DHC)kj

mol¬-1

Methane CH4 -890

Ethane C2H6 -1560

Propane C3H3 -2220

Butane CuH10 -

(a) Predicttheheatofcombustionofbutaneandwriteitinthespaceprovidedinthetable
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above (1mk)

(b) Whatdoesthesign∆Hcvatue-indicatedaboutcombustionofalkanes

(1mk)

AcompoundC4H10Oisoxidizedbyexcessacidifiedpotassium permanganatetoform another
compoundC4H8O2.ThesamecompoundC4H10Oreactwithpotassium toproducehydrogen
gas

(a)DrawthestructuralformulaandnamecompoundC4H10O(2mks)

(b)Writeequationforthereactionbetweenpotassium andcompoundC4H10O

7.ExplainhowsampleofCH3CH2OHcouldbedistinguishedfrom CH3COOHbymeansof
chemicalreaction. (2mks)

8.
MethanereactwithoxygenasshownbyequationIandIIbelow

(I) CH4(g)+202→ Co2+2H2O(l)

(II) 2CH4(g)+302(g)→ 2CO(g)+4H2O(l)
Whichoneofthetworeactionsrepresentsthecompletecombustionofmethane?Explain

(2mks

9.Apolymerhasthefollowingstructure

―CH2―CH―CH2―CH―CH2―CH2―CH

CN CN CN n

Asampleofthispolymerisfoundtohaveamolecularmassof5194.Determinethenumberof
monomersinthepolymer.(H=1.0),(C=12.0),(N=14,0)

10.Amixtureofpentaneandpentanoicacidwasshakenwith0.1m sodium hydroxidesolution.
Andlettoseparateasshowninthediagram below.

NamethemaincomponentinlayerW.Giveareasonforyouranswer
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11.Nameanddrawthestructureofthecompoundformedwhenmethanereactwithexcess
chlorineinpresenceofU.Vlight (1mk)

12.Statetheobservationsthatwouldmakewhenapieceofsodium metalisplacedinsamplesof
pentaneandpentanol. (2mks)

13.Compound“L”reactwithhydrogenbromidegastogiveanothercompoundwhosestructureis

H H H Br H

H― C ― C ― C ― C ― C ― H

H H H H H H

(a) Givethestructuralformulaandnameofcompound“L” (2mks)

(b) Writeanequationforthereactionwhichtakesplacebetweenenthyneexcesschlorine
gas (2mks)

(c) Writeanequationforthereactionwhichtakesplacebetweenethyneexcesschlorine
gas. (1mk)

14.Oneofthefuelsassociatedwithcrudeoilisnaturalgas.Namethemainconstituentofnatural
gasandwriteanequationforitscompletecombustion.

15.
Brominereactwithethaneasshownbelow

C2H6+Br2→ C2H5Br+HBr

(a) Whatconditionisnecessaryforthisreactiontooccur(1mk)

(b) Identifythebonds,whicharebrokenandthosewhichareformed

16.Ahydrocarbon“p”wasformedtodecolorizebrominewater.Oncompletecombustionof2
molesof“P”6molesofcarbon(IV)oxideand6molesofwaterwereformed
(a) Writethestructuralformulaof“p” (1mk)

(b) Givethenameofp (1mk)

(c) Nameoneindustrialsourceof“p” (1mk)

17.Pentaneandethanolaremiscible.Describehowwatercouldbeusedtoseparateamixtureof
pentaneandethanol. (2mks)

18.InthepresenceofU.Vlightethanegasundergoessubstitutionreactionwithchlorine.
(a) Whatismeantbytheterm substitutionreactionwithchlorine?

(b) Givethestructuralformulaandthenameoftheorganiccompoundformedwhenequal
volumesofethaneandchlorinereacttogether.
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19.But–2-eneundergoesadditionalhydrogenationaccordingtotheequationgivenbelow

CH3CH=CH-CH3(g)+H2(g)→ CH3CH2CH2CH3

(a)Nametheproductformedwhenbut-2-enereactswithhydrogengas

(b)Stateoneindustrialuseofhydrogenation (1mk)

20.NametheorganiccompoundformedwhenCH3CH2CH2OHisreactedwithconcentrated
sulphuricacidat1700C. (1mk)

21.(a) Whatismeantbyisomerism? (1mk)
(b) Drawandnametwoisomersofbutane (2mks)

(b) Propanecanbechangedintomethaneandethaneasshownintheequationbelow.

CH3CH2CH3(g)hightemperature CH4(g)+C2H4(g)

Nametheprocessundergonebypropane (1mk)

22.Therelativeformulamassofhydrogenis58.Drawandnametwopossiblestructureofthe
hydrocarbon(C=12.0;H-1.0) (3mks)

23.
Thestructureofadetergentis

(a) Writethemolecularformularofthedetergent (1mk)

(b) Whattypeofdetergentisrepresentedbytheformula?(1mk)

(c) Whenthistypeofdetergentisusedtowashlineninhardwater,spots(marks)areleft
onthelinen.Writetheformulaofthesubstanceresponsibleforthespots

(1mk)

24.Thestructurebelowrepresentsasweetsmellingcompound

CH3―CH2―CH2―C―0―CH2―CH2―CH3

Givethenamesofthetwoorganiccompoundsthatcanbeusedtopreparethiscompoundin
thelaboratory. (2mks)

25.
Studythetablebelowandanswerthequestionsthatfollow:
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Compounds Meltingpoint0C Boilingpoints0C

C2H4O2 16.6 118

C3H6 -185.0 -47.7

C3H8O -127 97.2

C5H12 -130 36.3

C6H14 -95.3 68.7

(a) (i) Whichofthecompoundsisasolidat10.00C.Explain(1mk)

(ii) Choosetwocompoundswhicharemembersofthesamehomologousseriesand
explainthedifferenceintheirmeltingpoints

(3mks)

(iii) ThecompoundC3H8Oisanalcohol.Howdoesitssolubilityinwaterdifferfrom
thesolubilityofC5H12inwater.Explain

(b) Completecombustionofonemoleofahydrocarbonproducesfourmolesofcarbon(IV)
oxideandfourmolesofwater.

(i) Writetheformulaofthehydrocarbon (1mk)

(ii) Writetheequationforthecompletecombustion (1mk)

(c) (i) inareaction,analcohol“J”wasconvertedtohex-1-ene.Givethe

structuralformulaofalcohol“J” (1mk)

(ii) NamethereagentandconditionsnecessaryforthereactioninC(ii)above

(d) CompoundKreactswithsodium hydroxideasshownbelow

CH2–OOc–c17H35

CH2–OOC-C17H35+H35+3NaoH→CH2OH

CH-OH+3C17H35COO-Na+

CH2-OOCC17H35
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CH2-OH

(i) Whattypeofreactionisrepresentedbytheequationabove (1mk)

(ii) Towhatclassofcompounddoes“K”belong? (1mk)

26.
(a) Givethenamesofthefollowingcompounds

(i)CH3CH2CH2CH2OH (1mk)

(ii)CH3CH2COOH (1mk)

(iii)CH3-COO-CH2-CH3 (1mk)

(b) Studytheinformationinthetablebelowandanswerthequestionsthatfollow

Numberofcarbonatomsper

molecule

Relativemolecularmassof

hydrocarbons

2 28

3 42

4 56

(i) Writethegeneralformulaofthehydrocarbonsinthetable (1mk)

(ii) Predictrelativemolecularformulamassofhydrocarbonwith5carbonatoms

(iii) Determinethemolecularformulaofthehydrocarbonin(ii)aboveanddrawits
structuralformula.(H=1.0),(C=12.0) (1mk)

27.Thefollowingequationsrepresenttwodifferenttypesofreactions

(a) (i)NC4H8(g)→(C4H8n(g)

(ii)C2H6(g)+CL2(g)→C2H5CL(g)+HCL(g)

Statethetypeofreactionrepresentedby(i)and(ii) (2mks)

(b) Thefermentationofglucoseproducesethanolasshownintheequationbelow.

C6H12O6(aq)yeast2CH3CH2OH(aq)+2CO2(g)

(i) Statehowtheconcentrationofethanolproducedcouldbeincreased
(1mk)
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(ii) Stateandexplaintheobservationsthatwouldbemadewhenapieceofsodium
metalisaddedtoasampleofethanolcontainedinabeaker.

(2mks)

(iii) Givetwocommercialusesofethanolotherthanmanufacturingofalcoholdrinks
(2mks)

(c) ThemolecularformulaofahydrocarbonisC6H14.Thehydrocarboncanbeconverted
intotwootherhydrocarbonsasshownbytheequationbelow.

C6H14→C2H6+x

(i) Nameanddrawthepossiblestructuralformulaofx (1mk)

(ii) Stateandexplaintheobservationsthatwouldbemadeifafewdropsofbromine
waterwereaddedtoasampleofx. (2mks)

(iii) WriteanequationforthecompletecombustionofC3H8 (1mk)

28.(a)Givethenamesofthefollowingcompounds

(i)CH3CH=CHCH2CH3 (1mk)

(ii)CH3CH2COOH (1mk)

(b) EthaneandEthenereactwithbromineaccordingtothefollowingequationsgivenbelow

(i)C2H6(g)+Br2(g)→C2H5Br(l)+HBr(g)

(ii)C2¬H4(g)+Br2(g)→ C2H4Br2(l)

Namethetypeofbrominationreactiontakingplacein(i)and(ii)above

(c) Studythediagram belowandanswerthequestionsthatfollow

(i) Writetheequationforthecompletecombustionofbutane (1mk)

(ii) ThePHofsubstanceKwasformedtobelessthan7explainthisobservations.
(2mks)
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(d) Thepolymerizationoftetrafloureoethane(C2F4)issimilartothatofethane(C2H4)

(i) Whatismeantbytheterm polymerization? (1mk)

(ii) Drawthestructuralformulaofaportionofthepolymerobtainedfrom the
monomers(C2F4) (1mk)

(e) Stateanytwoadvantagesthatsyntheticpolymershaveovernaturalpolymers
(2mks)

29.(a) Inwhichhomologousseriesdothefollowingcompoundsbelong?

(i)CH3CCH (1mk)

(ii)CH3CH2COOH (1mk)

(b) Rawrubberisheatedwithsulphurinmanufactureofnaturalrubber.

(i) Whatnameisgiventotheprocess? (1mk)

(ii) Whyistheprocessnecessary? (1mk
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(c)Studytheschemegivenandanswerthequestionsthatfollow

(i) Writeanequationforthereactionbetweenpropan-1-olandpotassium metal

(ii) NameprocessIandII (2mks)

(iii) Identifytheproducts“A”and“B” (2mks)

(iv) NameONEcatalystusedinprocessII (1mk)

(v) Drawthestructuralformulaoftherepeatingunitinthepolymer“C”
(d)Statetwousesindustrialusesofmethane (2mks)

30.

(a)Statehowburningcanbeusedtodistinguishbetweenethaneandethyne.Explainyour
answer.

(b)Drawthestructuralformulaofthethirdmemberofthehomologousseriesoftheethyne.
(1mk)

(c)Theflowchartbelowshowsaseriesofreactionstartingwithethanol.Studyitand
answerthequestionsthatfollow.

(i) Name

I Process“A”

II Substance“B”andC
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(ii) Writetheequationforthecombustionofethanol. (1mk)

(iii) Explainwhyitisnecessarytosuehighpressuretochangegas“B”intopolymer

(iv) Stateoneuseofmethane (1mk)

31.(a) Crudeoilisasourceofmanycompoundsthatcontaincarbonandhydrogenonly
(1mk)

(i) Nametheprocessusedtoseparatethecomponentsofcrudeoil

(ii) Onwhattwophysicalpropertiesoftheabovecomponentsdoestheseparation
depend (2mks)

(b) Undercertainconditionshexanecanbeconvertedtotwoproducts.Theformulaofone
oftheproductsisC3H8

(i) Writetheformulaoftheotherproduct (1mk)

(ii) Describeasimplechemicalreactiontoshowthedifferencesbetweentwo
productsinb(i)above. (2mks)

(c) Ethyne(C2H2)isanothercompoundfoundincrudeoil.Onemoleofethynewasreacted
withonemoleofhydrogenchloridegasandaproduct“P1”wasformed.P1wasthen
reactedwithexcesshydrogengastoform P2.DrawthestructureofP1andP2

(2mks)

(d) Thesetupbelowwasusedtoprepareandcollectethanegas.Studyitandanswerthe
questionsthatfollows:

(i) Namesubstance“T” (1mk)

(ii) Givethepropertyofethanethatfollowsittobecollectedasshowninthesetup
(1mk)

(e) Oneofthereactionsundergonebyethaneisadditionpolymerization.Givethenameof
thepolymerandonedisadvantageofthepolymeritforms

32.

(a)Whatnameisgiventoacompoundthatcontaincarbonhydrogenonly
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(b)Hexaneisacompoundthatcontaincarbonandhydrogenonly
(i) Whatmethodisusedtoobtainhexanefrom crudeoil?

(ii) Stateoneuseofhexane (1mks)
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(c)Studytheflowchartbelowandanswerthequestionsthatfollows:

(i) IdentifyreagentL (1mk)

(ii) Namethecatalystusedinstep5 (5mks)

(iii) Drawthestructuralformulaof“J” (1mk)

(iv) Whatnameisgiventotheprocessthattakesplaceinstep5

(v) State

I. Oneuseofproduct“R”

II. Acommercialapplicationoftheprocesswhichtakeplaceinstep6

(d) (i) Writetheequationforthereactionbetweenaqueous

sodium hydroxideandaqueousethanoicacid (1mk)

(ii) Explainwhythereactionbetween1gsodium carbonateand2m
hydrochloricacidisfasterthanthereactionbetween1gofsodium
carbonateand2M ethanoicacid(2mks)

33.(a) Givethesystematicnamesofthefollowingcompounds

(i) CH2=C―CH3

CH3 (1mk)

(ii)CH3CH2CH2C≡CH (1mk)

34.(a) Biogasisamixtureofmainlycarbon(IV)oxideandmethane
(i) Giveareasonwhybiogascanbeusedasfuel

(ii) Otherthanfractionaldistillation,describeamethodthatcanbetodeterminethe
percentageofmethaneinbiogas(3mks)
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(b) Asampleofbiogascontains35.2%bymassofmethane.Abiogascylindercontains5.0
kgofthegas.

(i) Numberofmolesofmethaneinthecylinder.(Molarmassofmethane=16)

(ii) Totalvolumeofcarbon(IV)oxideproducedbythecombustionofmethaneinthe
cylinder(molargasvolume=24.0dm-3atroom temperatureandpressure.

(2mks)

(c) Carbon(IV)oxide,methane,nitrogen(I)oxideandtrichlorofluoromethanearegreen-
housegases

(i) Stateoneeffectofanincreasedlevelofthesegasestotheenvironment

(ii) Giveonesourcefrom whicheachofthefollowinggasesisreleasedtothe
environment

I Nitrogen(I)oxide (1mk)

II Trichlorofluoromethane (1mk)

35.Statewhatyouunderstandbythefollowingtermsasusedinorganicchemistry
(i) Ahydrocarbon (1mk)

(ii) Ahomologousseries (1mk)

(iii) Saturatedhydrocarbons (1mk)

(iv) Isomerism (1mk)

36.NamethefollowingcompoundsusingtheI.U.P.Crules

(i) CH3–CH=CH–CH3

(ii) CH3–CH2–CH-CH2

CH3
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37.Belowisaschemeofsomereactionofethyne

(i) StatetheconditionandreagentsrequiredtoeffectstepsIandII (2mks)

(ii) GivetheformulaofproductsA,B,CandD (4mks)

38.Writedownthestructuralformulaofthefollowingcompounds
(i) 2,2–Dimethypropane (1mk)

(ii) 2–Chloropropane (1mk)

39.Studythecrudeoilfractionatingcolumninthediagram andanswerthequestionsthatfollows

(a) Howwouldyouexceptthetemperaturetovaryfrom AtoE (2mks)

(b) Foreachfractionbelowstateatwhichpositionitwillbecollectedcompoundwith
(5mks)

-C15-C25atoms

-C4-C12atoms

-C20–upwards

-C9-C16

-C1–C4

40.Theboilingpointsat760mgpressureofthreealkanesareButane,273kpentane309Kand
Hexane342K.Accountforthefactthatthepentanehasahigherboilingpointthanbutane.
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(2mks)

41.Petrolisamixtureofhydrocarbonusedasfuelandisobtainedfrom crudeoilbyfractional
distillation.
(i) Statetherangeofcarbonatomsinthemoleculesofhydrocarboninpetrol

(ii) Nametwogasesthatpollutetheatmosphereasaresultofburningpetrolincombustion
engines (2mks)

42.Whatistheroleofsunlightinsubstitutionhalogenationsreaction (1mk)

43.A,B,Carethreehomologousseriesoforganiccompounds

Series General

formula

A CnH2n-2

B CnH2n

C CnH2n+2

(i) WhatisthenamegiventoseriesC (1mk)

(ii) Writedownthenameandstructuralformulaofthesecondmemberofseries“B”

(iii) WritedownanequationandnametheproductsofreactionbetweenHBrwithsecond
memberofseries“B” (2mks)

44.Theschemebelowshowspreparationofmethane

CH3COOH NaOH CH3COONa reagent CH4 Cl2 T

R U.V

(i) Namereagent“R” (1mk)

(ii) Namesubstance“T” (1mk)

(iii) WriteanequationforthereactionbetweenCH3COONaandreagent“R”

45.CH2=CH2Polymerize[-CH2–CH2]ncompoundU
(i) NamecompoundU (1mk)

(ii) IftheRMM ofUis42000determinethevalueofn (1mk)

46.TheempiricalformulaahydrocarbonisC2H3itRMM is54.
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(a) Determinethemolecularofthehydrocarbon (1mk)

(b) Drawthestructuralformulaofthishydrocarbon (1mk)

(c) Towhichhomologousseriesdoesthehydrocarbondrawabovebelong?
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ORGANICCHEMISTRYII

1. Acompoundwherestructureisshownbelowisfoundindetergent

CH3(CH2)nCH SO-
3 Na+

Withreferencetothestructure,explainhowthedetergentremovesgreaseduringwashing

2. Completethetablebelowbyinsertingthemissinginformationinthespacesprovided

Nameof

polymer

Nameof

monomer

Useofpolymer

Polystyrene

Vinylchloride

3. Thestructurebelowrepresentfivecleaningagents

R–COONa+ R -OSO3Na+

B

Whichcleansingagentwouldbemoresuitableforwashinginwatercontainingmagnesium

sulphate?Explain (2mks)

4. (a) Drawthestructureofethanolandpropanoicacid (2mks)

(b) Givethenameoftheorganiccompoundformedwhenethanoland

propanoicacidreactinpresenceofconcentratedsulphuricacid (1mk)

5. Thestructurebelowrepresentaportionofapolymer

CH3 CH3 CH3

| | |

―C―CH2― C―CH2―――C―CH―

| | | |

COOCH3 COOCH3 COOCH3

Give

(a) Thenameofthepolymer (1mk)

(b) Onindustrialuseofthepolymer (1mk)

6. AnorganiccompoundwiththeformulaC4H10Oreactwithpotassium metaltogivehydrogen

gasandawhitesolid.

(a) Writethestructureformulaofthecompound (1mk)

(b) Towhichhomologousseriesdoesthecompoundbelong (1mk)

(c) Writetheequationforthereactionbetweenthecompoundandpotassium metal

(1mk)

7. Studytheinformationinthetablebelowandanswerquestionsthatfollow

Alcohol’s Heatofcombustion

KJ/M

Methanol 715

Ethanol 1371

Prepanal 2010

Bufanal 2673

Giveareasonwhythedifferencesinheatofcombustionbetweensuccessivealcoholareclose

o

o
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8. Studythebelowchartandanswerthequestionsthatfollows

(a) IdentifyNandP (2mks)

(b) Whatnameisgiventothetypeofhalogenation/chlorinatingreaction

giveninstep2 (1mk)

9. NametheprocessthattakesplacewhencrystalsofZincNitratechangeintosolutionwhen

exposedtoair. (1mk)

10. Thetablebelowshowstherelativemolecularmassesandtheboilingpointsofpentaneand

propane-1–ol

Relativemolecular

mass

Boilingpoint(0C)

Pentane 72 36

Propan–1-ol 60 97

Explainwhytheboilingpointofpropan–l–olishigherthanthatofpentane

11. Thetablebelowgivestheinformationofsomecarboxylicacidsandthendrawpoints

Acid Boilingpoint(0C)

HCOOH 101

CH3COOH 118

CH3CH2COOH 141

CH3CH2CH2CH2COOH 187

CH3CH2CH2CH2CH2COOH 205

(i) Givethenameoftheacidwhoseformula

CH3CH2CH2CH2COOH (1mk)

(ii) WhatistheempiricalformulaofCH3CH2CH2CH2CH2COOH (1mk)

(iii) Plotthegraphofboilingpointagainstnumberofaionsofthecarboxylicacids

I. From thegraphdeterminetheboilingpointoftheacid

CH3CH2CH2COOH (2mks)

(iv) Explaingivingreasonstheshapeofthegraph (2mks)

(b) ExplaintheobservationwhichwouldbemadeifNaHCO3isaddedtoanaqueoussolution

containingHCOOH (2mks)

(c) Calculatethevolumeof0.2M sodium hydroxidesolutionwhichwouldberequiredtoreact

completelywithasolutioncontaining3.0gofCH3COOH.(C=12)(H=1.0)(O=16)

N

NaCO3

P CCL4

Sodalime
Step1

U.V

Excess
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12. Theformulagivenbelowrepresentaportionofapolymer

H H H H

| | | |

―C ―C ―C ―C―

| | | |

(a) Givethenameofthepolymer (1mk)

(b) Onedisadvantageofthecontinueduseofthispolymer (1mk)

13. (a) Whenorgancompound“Y”isreactedwithaqueoussodium –carbonate.It

producescarbon(IV)oxide.“Y”reactswithpropanoltoform asweetsmelling

compound“Z”whoseformulais.

O

|

CH3―CH2―C―O―CH2―CH2―CH3

(i) Nameanddrawthestructuralformulaofcompound“Y” (1mk)

(ii) Whatisthenameofthegroupofcompoundtowhich“Z”belong (1mk)

(b) Inanexperiment,excessethanoliswarmedwithacidifiedpotassium dichromatefor

about20minutes.Stateandexplaintheobservationsthatwasmadeattheendofthe

experiment

(c) Theschemebelowwasusedtoprepareacleansingagent.Studyitandanswerthe

questionsthatfollow

(i) Whatnameisgiventothetypeofcleansingagentpreparedbythemethodshowninthe

scheme (1mk)

(ii) Nameonechemicalsubstanceinthescheme (1mk)

(iii) WhatisthepurposeofaddingthechemicalsubstancenamedinC(ii)above?

(1mk)

(iv) Nameoneothersuitablesubstancethatcanbeusedinstep1 (1mk)

(v) Explainhowanaqueoussolutionofthecleansingagentremovedoilfrom utensilsduring

washing (3mks)
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14. (a) Writetheformulaof

(i) Methanol (1mk)

(ii) Methodicacid (1mk)

(b) Writetheequationforthereactionbetweenmethanoicacidandtheaqueoussodium

(c) (i) Nametheproductformedwhenmethanolreactwithmethaneacid

(ii) Stateoneconditionnecessaryforthereactionin(c)(I)abovetotakeplace

(iii) Hydrogengasreactswithhoxeneform hexane.Calculatethevolumeas

hydrogenasrequiredtoconvert42gofhexanetohexaneatS.T.P(C=12)(H=1)

MolargasvolumeatSTP=22.4dm3 (4mks)

15. Theflowchartbelowshowsaseriesofreactionsstartingwithethanol.Studyitandanswerthe

questionsthatfollows.

(i) NameI. ProcessA (1mk)

II. Substance“B”and“C” (1mk)

(ii) Writetheequationforthecombustionofethanol (1mk)

(iii) ExplainwhyitisnecessarytousehighpressuretochangeBintopolymer(1mk)

(iv) Stateoneuseofmethane (1mk)

16. (a) Thelistbelowgivestheformulaofsomeorganiccompounds.Useittoanswerthe

questionsthatfollow.

V1 CH3¬CH2CH2CH2OH

V2 CH3CH2CH3

V3 CH3CH2CH2C–OH

V4 CH3CH2CH=CH¬2

V5 CH3CH2CH2CH3

(i) Selecttwocompoundswhich

I. Arenothydrocarbons (1mk)

II. Belongtothesamehomologousseries (1mk)

(ii) Identifythecompoundthatislikelytoundergopolymerization.

Giveareasonforyouranswer (2mks)

(b) Thestructurebelowrepresentstwocleansingagents

R-COO–Na+

R–OSO3–Na+

Inthetablebelowgiveoneadvantageandonedisadvantageusingeachofthem

Advantage Disadvantage

Ethanoic

acid

Ethanol

GasB

Polymer

C

Methane

ProcessA

NaOH(aq)

HighPressure

ConcH2SO4
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R-COO-Na+

R-OSO3–Na+

(c) Undercertainconditions,EthanoicacidC2H4O2andethanolreactstoform asweet

smellingcompound

(i) Whatisthegeneralnameofthecompoundstowhichthesweetsmellingcompound

belong (1mk)

(ii) Writetheformulaofthesweetsmellingcompound (1mk)

(iii) Giveoneuseofethanoicacidotherthantheformationofthesweetsmelling

compounds (1mk)

(iv) WriteanequationbetweendiluteEthanoicacidandsolidpotassium carbonate

(1mk)

(d) Fibresareeithersyntheticornatural.Giveone

(i) Exampleofnaturalfibre (1mk)

(ii) Advantagessyntheticfibreshaveovernaturalfibres (1mk)

17. (a) Givethesystematicnamesofthefollowingcompounds

(i) CH2= C – CH3

CH3 (1mk)

(ii) CH3CH2CH2C≡CH (1mk)

(b) Statetheobservationsmadewhenpropan-1-olreactswith:

(i) Acidifiedpotassium dichromate(VI)solution (1mk)

(c) Ethanolobtainedfrom glucosecanbeconvertedtoethaneasshownbelow

C6¬H12O6 C2H5OH CH2=CH2

NameanddescribetheprocessedthattakeplaceinstepsIandII (3mks)

(d) CompoundAandBhavethesamemoleculeformulaC3H6O2.CompoundAliberates

carbon(IV)oxideonadditionofaqueoussodium carbonatewhilecompoundBdoesnot.

CompoundBhasasweetsmell.Drawthepossiblestructuresof.

-CompoundA (1mk)

-CompoundB (1mk)

(e) Givetworeasonswhythedisposalofpolymerssuchaspolychloethanebyburning

pollutestheenvironment. (2mks)

18. (a) Alkanes,alkenesandalkynescanbeobtainedfrom crudeoil.Drawthestructuresof

thesecondmemberofthealkynehomologousseries (1mk)
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(b) Studytheflowchartbelowandanswerthequestionsthatfollows

(i) StatetheconditionsforthereactioninstepItooccur (1mk)

(ii) IdentifysubstanceH (1mk)

(iii) Give

I. OnedisadvantageofthecontinueduseofsubstancessuchasJ

(1mk)

II. ThenameoftheprocessthattakesplaceinstepIII (1mk)

III. ThenameandtheformulaofsubstanceK. (2mks)

Name………………………………

Formula……………………………

(iv) TherelativemolecularmassofJis16,800calculatethenumberofmonomersthat

makeupJ (2mks)

(c) ThetablebelowgivestheformulaoffourcompoundsL,M,NandP

Compound Formula

L C2H6O

M C3H6

N C3H6O2

P C3H8

Givingareasonineachcase,selecttheletterwhichrepresentsacompoundthat:

(i) DecolourisebromineintheabsenceofUVlight (2mks)

(ii) Giveseffervescencewhenreactedwithaqueoussodium carbonate. (2mks)

19. Thefollowingisformulaofmonosaccharide(glucose)

H H H H H H

| | | | | |

H――C――C――C――C――C――C O

| | | | | |

OH OH OH OH OH OH

(i) Whatismeantbymonosaccharide (1mk)
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(ii) Howwouldglucosebeconvertedintocellulose (2mks)

20.Considerthefollowing

(i) O

H2N―CH2―C―OH

(ii)

CH3 O

|

H2N―C―C

OH

(iii)

O

NH2NCH―C

OH

(i) Whatisthenameofthisclassofcompounds (1mk)

(ii) Whatdoiiandiiihaveincommon? (2mks)

(iii) Givetheconditionsofthereactionandnametheproductsformedwhencompoundi

reactwithethanol.

21. 2.635gofchloropropanoicacid(CLCH2CH2COOH),weredissolvedinto250cm3ofsolution.

25cm oftheacidrequired,25cm3of0.1m potassium hydroxidesolutionforcomplete

neutralization.

(i) Writeanequationforthereactionbetweenpotassium hydrateandchloropropanoicacid.

(1mk)

(ii) Calculatethenumberofmolesofchloropropanoicacidperdm3 (2mks)

(iii) Calculatethenumberofmolesof

(i) Potassium hydroxideused (1mk)

(ii) Chloropropanoicacidthatwouldreactwiththenumberofmolesofpotassium

hydroxidein1above (2mks)
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22. Belowisaschemeofsomereactionsofethanol.Studyitandanswerthequestionsthat

follow

(i) StatetheconditionsandthereagentsrequiredinstepsI,II,IIIandIV

(ii) Namethemajorproducts“A”and“B” (2mks)

23. Aform (IV)studentisinterestedinmarkingTeryleneforhisproject.Heneedsyouradviceon

howtogoaboutit.

(a) Explaintohim whattypeofpolymeristerylene. (2mks)

(b) Giventhatteryleneissynthesizedfrom ethane-1,2-diol

CH2CH2(OH)2 benzene-1,4-dicarboxalicacidCH2 (COOH)2

(i) Drawthepolymerunitofteryleneconsistingoftwomonomericunits.

(ii) Nametheproducteliminated (1mk)

(c) Givetwo

(i) Propertiesofterylene (2mks)

(ii) Usesofterylene

(d) (i) Givetwoexamplesofnaturalpolymerbelow. (2mks)

(ii) Whatisvulcanization? (2mks)

(e) (i) Drawthemonomerofthepolymerbelow (1mk)

CH3

|

―CH2―C―=CH―CH―n

(ii) Namethemonomer (1mk)

24. Completethefollowingreaction

CH3CH2OH(1) ExcessCon

H2SO4

170 (1mk)

25. Considerthefollowingcompounds

(a)CH3CH2CH2COOH

(b)CH3CH2COOCH2CH2

(c)HOOCCH2CH2 COOH

(d)CH3CH(OH)CH3

Whichofthesecompoundsis

(i) Diabasicacid
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(ii) AnEster

26. Howwouldeachofthefollowingcompoundsbechemicallydistinguished

CH3COOHandCH3CH2CH

27. Nametheregentsandstatetheconditionofthereactionnecessarytoaffectthechanges

givenbelow

(a)C2H4→ C2H6 (1mk)

(b)C2H4¬→ C2H2 (1mk)

(c)C2H4→CH3COOH (1mk)

28. Theformulabelowrepresentstheactiveingredientsinadetergentandinasoaprespectively.

H

|

CH3(CH2)4 C ―SO3-Na+

|

CH3

CH3(CH2)16COO-Na+

(a) Whatisadetergent? (1mk)

(b) Givetwoadvantagesandtwodisadvantagesofusingdetergentsas

cleansingagent (2mks)

(c) Explainbrieflythemodeofactionofsoapduringcleansing (3mks)

(d) Giveareasonforaddingpolyphosphatetothedetergents (1mk)

(e) Explainbrieflyhowthesoapgivenabovemaybemanufactured (3mks)

o
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ANSWERS
ORGANICCHEMESTRYI

1. a) SubstitutionChlorination/Halogenation

b) U.Vlight/sunlight

2. a) sulphur

b) Tohardenit/makeittough/tostrengthenit.

3. a) (RCOO)2Caand(RC6H5SO3)2isbettersinceitisnotaffectedbyhard

water.

4. a) Butanol

H H H H

│ │ │ │

H — C — C — C — C — OH

│ │ │ │

H H H H

b) C4H9OH(aq)+6O2(g) 4CO2(g) +5H2O(l)

5. a) Sisal/cotton/wood/silk/jute/hemp/fur/hair

b) -Theirstrengthcanbevariedtomakethem stronger

-Noteasilyaffectedbychemicals

-Theylastlonger

6. a) 2220-1560=660

1560-890=670

-2220+-650=-2870kj

b) ∆HcofAlkanesisanexothermicprocesssincethevaluesarenegativei.e

heatisreleasedfrom reaction.

7. a)

H H H H

│ │ │ │

H — C — C — C — C — OH

│ │ │ │

H H H H

Butanol/Butan-1-ol

b) 2C4H9OH(ag)+2K(s) 2C4H9OK(ag) +H2(g)

8. AddsolidNaHCO3,toboth,CH3COOHproduceseffervescenceandacolourless

gaswhichgivewhiteprecipitatewithlimewaterisproduceNoreactionwithCH3CH2CH2OH.

9. Reaction1:CarbonisoxidizedfullytoithighestoxidationstateinCo2.

10. MonomerCH2=CH

│

CN

Rmm ofmonomer=(12x3)+1x3)+1x14)=53

53n=5194

n=5194=98

53
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11. Pentane:Itisnonpolerandwillnotreactwithsodium Hydroxidesolutionwhichisanionic

compound.

12. Tetrachloromethane

CL

│

CL— C — CL

│

C

13. -Inpentanetherewillbenoreaction

-Inpentanol,threewillbeeffervescenceandacolourlessgaswhichburnwitha

“pop”soundproducedsolutionlastisalkaline.

14 a)

H H H H H

│ │ │ │ │

H — C — C — C — C ═ C Pentene

│ │ │ │ │

H H H H H

H H H H H

│ │ │ │ │

H — C — C ═ C — C ═ C Pent–2–ene

│ │ │ │ │

H H H H

b) C2H2(g) +2Cl2(g) CHClCHCl2(aq)

15. Methane/CH4(g)

CH4(g)+202(g)  CO2(g)+2H2O(i)

16. a) U.V.light/sunlight

b) BondsbrokenC-HandBr-Br

BondsformedC-BrandH-Br

17. a)

H H

│ │

C ═ C — C — H

│ │ │

H H H

b) Propene

c) Petroleum/crudeoil/naturalgas

18. Addwatertothemixtureinaseparatingfunnel,ethanolbeingpolardissolves

whilepentanedoesnot.Allowthemixturetoseparateintotwolayers.Openthetaptodrain

thelowerlayerwhichcontainethanol.Distilltheaqueouslayertogetethanol.
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19. a) Reactionwhichoneormorehydrogeninalkaenemoleculeis/arereplaced

byhalogens.

b) H H

│ │

H — C — C — CL

│ │

H H

20. a) Butane

b) Hardeningofoilinmanufacturerofmargarine

21. Butene/but–1-ene

22. a) Isomerism istheoccurrenceoftowormorecompoundswiththesame

moleculaformula,butdifferentmolecularstructure/structuralformular.

b)

H H H

│ │ │

C ═ C — C — C — H But–1–ene

│ │ │ │

H H H H

H H

│ │

H — C — C ═ C — C But–2–ene

│ │ │ │

H H H H

H H

│ │

H — C — C ═ C 2Methylpropene

│ │ │

H CH3 H

23. Thermalcracking

24. H H H H

│ │ │ │

H — C — C — C — C — H

│ │ │ │

H H H H

Butane

H H H H
│ │ │ │

H — C — C — C — H
│ │ │
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H CH3 H
2Methylpropene

25. (a) C13H27COO-Na

(b) Soapydetergent

(c) (CH3)(CH2)12 COO)2Ca2+

(CH3)(CH2)12COO)2Mg2+

26. (i) C2H4O2itmeltingpointishigherthan100C

(ii) CH14 and C5H12

C6H14 hasahighermeltingpointsinceitismorebulkycomparedtoC5H12;hencethe

vanderwaalsforcebetweenthemoleculesofC6H14 isabitstrong.

iii) C3H8OismoresolubleinwaterthanC5H12:becauseitformshydrogenbondswithwater

moleculesi.eitispolarduetothepresenceof(-OH)group.

b) i) C4H8

ii) C4H8(g) + 6O2(g) → 4O2(g) + 4H2O(l)

c) i)

H H H H H H

│ │ │ │ │ │

H — C — C — C — C — C — C — OH

│ │ │ │ │ │

H H H H H H

Reagents

ii). – Concentratedsulphuricacid

- Al2O3orphosphoricacid(Catalyst)

Conditions

Heat(160-1800C)

d) i) Saponification/Hydrolysis

ii) Fats/ester

27. a) i) Butan-101

ii) Propanoicacid

iii) C5H10

H H H H H

│ │ │ │ │

H — C — C — C — C — C — H

│ │ │ │ │

H H H H H

or

H H H

│ │ │

H — C — C ═ C — C — C — H

│ │ │ │ │

H H H H H

28. a) i) Additionalpolymerization
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ii) Substitutionreaction/chlorination

b) i) Fractionaldistillation

ii) Sinktothebotton:effervescence/fizzingsoundashydrogengasis

produced

iii) -Inthermometers

-Fuel

-Milddisinfectant

-Solvent

c) i) C4H8

H H H H

│ │ │ │

C ═ C — C — C — H But-1-ene

│ │ │ │

H H H H

Or

H H H H

│ │ │ │

H — C — C ═ C — C — H But-2-ene

│ │ │ │

H H H H

ii) Brominewaterisdecolourisedbecause“X”isunsaturatedorhasa

(-C=C-)Doublebond

iii) C3H8(g) + 5O2(g) 3CO2(g) + 4H2O(l)

29. a) i) Pent-2-ene

ii) Butanoicacid

b) i) Substitution

ii) Additional

c) i) C4H10(g) + 13/2O2(g) 4CO2(g) +5H2O(l)

2C4H10(g) + 1302(g) 8CO2 +10H2O(l)

ii) Thecarbon(IV)oxidegaswhichisproducedisacidic.Itdissolvesin“K”waterto

form weakacid:carbonicacid.

d) i) Processwherebymenometer(smallmolecules)jointogetherto

form largemolecules(Polymers)

ii)

F F

│ │

— C — C —

│ │

F F n

e) - Cheaper

- Moredurable

- Stronger
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- Canberecycled

- Notattackedbymanychemicals

- Corrosionresistant

30. a) i) Alkalyne

ii) Carboxalicacid/Alkanoicacid

b) i) vulcanization

ii) Tohardenrubber/makeittoughandstronger

c) i) 2C3H2OH(aq)+ 2k(s) 2C3H2OK(aq)+H2

ii) ProcessI:Dehydration

iii) Additionalhydrogenation

A=1,2–Dibromoprepane

B=Ethene/C2H4

iv) Nickel/platinum/palladium/platimin

v) H H

│ │

— C — C

│ │

CH3 H

d) -Fuel/sourceoffuel

-Productionofhydrogengas

-Productionof i) CCl4

ii) Trichlomethane

iii) Methanol

31. a) Ethaneburnswithanonluminousflameblueincolourwhereasethyne

burnswithaluminous(yellow)flamewhichisverysooty-Ethaneissaturatedwhile

ethyneisunsaturatedwithhighpercentageofcarbon-particles.
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b)

H H

│ │

H — C — C ═ C — C — H

│ │

H H

Or

H H

│ │

C ═ C — C — C — H

│ │ │

H H H

c) i) A =Oxidation“BisEthenesubstance“C”sodium ethanoate

ii) C2H5OH(g) +O2(g) 2CO2(g)3H2O(l)

iii) Tobringreactingmonomensintoclosecontact.

iv) -Asafuel

-Carbonblack

-Manufactureofmethanol

-Manufactureofdi,triandtetrachloromethene

32. a) i) Fractionaldistillation

ii) boilingpoint

molecularmass/density

b) i) C3H6

Shakeasamplewithbromine,C3H8doesnotdecolorizeit,but-

c3H6decolourresesit.

Or

Useacidificalpotassium magnate(VII)C3H6decouriseacidifiedpotassium

chromate(vi)C3H6 Changeitfrom orangetogreenwhileC3H6burnswitha

smokeyluminousfalme.

Alternative

BurnasampleofC3H8;itburnswithanonluminousflame.C3H6burnswithasmokyluminous

flame

c) P1

H — C ═ C — Cl

│ │

H H
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P2

H H H

│ │ │

H — C — C — C — Cl

│ │ │

H H H

d) i) Ethanol

ii) Slightlysolubleinwater

e) Name:polythene/polythene

Disadvantagesofpolythene

-Nonbiodegradable

-Pollutetheenvironmentbyproducingpoisonousgaseswhenburnt

33. a) Hydrocarbons

b) i) fractionaldistillation

ii) Fuel/componentof=petrol/todrivesmallmachines.

c) i) CaC2 /Calcium distillation

ii) phosphoricacidisthecatalyst

iii) H CC H

iv) Hydration

v) I. -Wireinsulationcoat

-Waterproveseatcovers

-Motorcarsseatcovers

-Shoes

-Suitcasecovers

II. Hardeningofoilinmanufacturingofmargarine

d) i) NaOH(aq) + CH3COOH CH3COONa(aq)+H2O(l)

ii) Hydrochloricacidisastrongacidwithmanyhydrogenionsto

reactwiththecarbonate.Itisfullyionizedinwater.Ethenoicacidisaweakacid

withfewHydrogenions.Itispartiallyionizedinwater.

34. a) i) 2-Methy–prop–i-ene

ii) pent–I–yne

35. a) i) Methaneisagaswhichisflammableinpresenceofoxygen.

ii) Passthemixturethroughasolutionofcalcium hydroxideto

removeCO2.Thendeterminethevolumeofthegasleftusingasyringe.

b) i) Massofmethane =35.2x 5=1.76kg=1760g

100

Moles=176=0.11moles

16

ii) CH4(g)+2O2(g) CO2(g) +2H2O(g)

Volume=0.11x24=2.64dm3=2640cm3

c) i) CO2causesglobalwarming
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-Nocausesacidicrain

-Trichlorofluromethanedestroyozonelayer

ii) I. Exhaustfrom vehicles

II. Aerosalsprays.

36. i) Compoundscontainingcarbonandhydrogenonly.

ii) Afamilyofcompoundshavingthesamefunctionalgroupandshows

similarchemicalcharacteristics.

iii) Ahychocarbonicthatcontainmaximum numberofhydrogenatonespossiblebandedto

carbonatoms.

Existenceofdifferentcompoundswiththesamemolecularformulabutdifferent

structuralformula.

37. i) But¬¬¬____2____ere

ii) 2,Methylbutene

38. i) StepIreagents:Acidifiedpotassium magnate(VIII)

-Potassium dichloromate

Conditions: -room temperatureandpressure

StepIIreagents:-Hydrogengas

Conditions -Nickelcatalyst/heat

iii) A: [—CH2—CH2¬¬¬—]n

B: CH2CH3Br

C: CH3CH3Br

D: CH3CH2HSO4

39. i)

H CH3 H

│ │ │

H — H — C — C — H

│ │ │

H CH3 H

ii)

H H H

│ │ │

H — C — C — C — H

│ │ │

H Cl H

40. a) Increasefrom “A”to“E”

b) C15—C25¬¬¬¬¬—D

C4—C12—B

C20—upwards—E

C9—C16—C

C1—C4—A

41. Boilingpointincreaseswithincreasesinnumberofcarbonatoms.Pentane
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moleculesarebig/large/bulkyandthevanderwaalsforcesbetweenthesemoleculesis

strongercomparedtoothers.

42. i) C5—C10

ii) Carbon(ii)oxide/sulphure(iv)oxide/nitrogen(iv)oxide

43. Sunlightenergysplitthehalogenmoleculesintofreeradicle/atomswhichare

veryreactivei.eU.Vactasaphotocalolyst.

44. i) alkanes

ii) Name:Propane:

H H H

│ │ │

H — C — C ═ C

│ │

H H

iii) CH3CH(g) = CH2 +HBr(g)→ CH3CHBrCH3(aq)

45. i) R:Sodium hydroxide

ii) T:tetrachloromethane/carbontetrachloride

iii) CH3COONas(s) +NaOH(aq)→ CH4(g)+Na2CO3(aq)

46. i) Polyethene/polythene

ii) (CH2— CH2—)n =42000

28n = 42000

n = 42000 =1,500

28

47. a) (C2H3)n = 54

27n = 54 = 2

27

(C2H3)2 C4H6 MF=C4H6

b) H H

│ │

C ≡ C — C — C — H

│ │ │ OR

H H H

H H

│ │

H — C — C ≡ C — C — H

│ │

H H

H H

│ │

C ═ C — C ═ C

│ │

H H
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c) Alkyneifithas[¬¬—C  C —]or

Alkeneifithas[— C = C —]

│ │



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool&Primarysoftcopynotes0714497530 148

ORGANICCHEMISTRY2

1. Theionic“head”lowersthesurfacetensionofwaterfacilitatingmixingofwaterandgrease.

Thenonpolar“tail”mixwithgrease,dislodgingitfrom thefabric.

2.

Nameof

polymer

Nameof

monomer

Useofpolymer

Polystyrine Styrene

Phenythene

Insulation,plasticpipes,

biros,artificialrubber

Polyvinyl

Chloride

Polychloro

Ethane

Vinylchloride

Chloroethene

Insulationofelectric

cablesplasticstanks

3. “B”:“B”doesnotform scum

4. a) Ethanol H H

│ │

H — C — C — OH

│ │

H H

H H O

│ │

Propanoicacid H — C — C — C — OH

│ │

H H

b) Alkanols/alcohols

5. a) Perspex/polymethyl/methacrylate

b) Asasubstituteforglassinmanufactureof

-Safetyscreen

-Plasticlens

-Windscreens

6. a) H H H H

│ │ │ │

H — C — C — C — C — OH

│ │ │ │

H H H H

b) Alkanols/alcohols
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c) 2C4HqOH(l)+2K(s) 2C4HqOK(s)+H2(g)

7. Thereisaconstantincreaseinmasscausedbyconstantadditionof–CH2

8. a) N-Sodium ethanoate/CH3COONa/sodium acetate.

P-Methane/CH4

(b) Substitution

9. Esterification

10. Penten-1-alispolar.Therearetwoforces,vanderwaalsandhydrogenbondsholdingits

moleculetogether.Pentaneisnonepolar.

11. a) CH3(CH2)12 COOONa

b) Soapydetergent

c) (CH3(CH2)12COO)2Ca/(CH3(CH2)12COO)2mg

12. Butanoicacidandpropanaol

13. i) Pentanoicacid

ii) C3H6O

iii)

I.166+-0.60C

iv) Theboilingpointincreaseswithincreaseinmass.Themolecularmassincreaseby

–CH2Unit(14units)thiscausesanincreaseinintermolecularforcesbetween

molecules.Hencemoreheatisrequiredtobreadthebondsincomplexmolecules.

b) Effervescence/colourlessgasisgivenoff.ThisisCO2anditformswhite

precipitatewithlimewater.

c) CH3COOH+NaOH CH3COONa+H2O

MolesofCH3COOH =30 =0.05moles

60

MolesofNaOH=0.05moles

VolumeofNaoh=0.05x1000=250cm3
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0.2

14. a) Pysteyrene/polythenylethane

b) Causepollutionsinceitisnonbiogredable.

15. a) i) propanoicacid

H H O

│ │

H — C — C — C — OH

│ │

H H

ii) Ester

b) Thecolourofsolutionchantefrom orange/yellowtogreenbecauseCr+6

isreducedtoreducedtoCr3+andethanolisoxidizedtoethanoicacid.

c) i) Soap/soapydetergent

ii) Sodium chloride

iii) Tomakesoapfloat

iv) Potassium hydroxide/KOH

v) Amoleculeofcleansingagenthaspolarandnonpolarparts.Non

polarpartsdissolvesinoilandpolarpartsdissolvesinwater.Whenthemixture

isagitatedtheoildropletscoagulateandcanbewashedawaywithwater.

16. a) i) CH3OH

ii) CH3COOH

b) HCOOH(aq)+NaOH(aq) HCOONa(aq)+H2O(l)

c) i) Methylmethanoate/HCOOCH3

ii) -Heat

-Concentratedsulphuricacid

d) i) Useofbrominewateroracidifiedpotassium manganate(VII).

Hexanedecolourisesbothatroom temperaturebuthexanedoes

not.

ii) -Fuel

-Solvent

-ManufactureofHexanolandHexanoicacid.

iii) C6H12+H2 C6H14

Rmm ofC6H12=84

MolesofC6H2 =42=0.5moles

84

MolesofH2=0.5moles

Volume=0.5x22.4=11.2dm3

17. i) I: Oxidation

II: B=ethane

C=sodium ethanoate

ii) Tobringthereactingmonomersintoclosecontact.

iv) -Asafuel
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-Inmakingcarbonblack

-Manufactureofmethanol

-Manufactureofhydrogencyanide

18. a) i) I: V1andV3

II: V2andV5

ii) V4:Itisunsaturatedcompoundandduringpolymerizationthedoublebondis

brokentoallowanothermonomertocombine.

b)

Advantage Disadvantage

R-COO-

Na+

Theyarebiogradabledo

notcausepollution

Formsscum withCa2+andMg2+

R-OSO3

Na

Theydonotform scum

withCa2+andMg2+
(aq)

Theypollutetheenvironment

sincetheyarenonbiogradable.

c) i) Ester

ii) CH3COOC2H3

iii) -Usedassolvent

-Manufactureofdrugsandchemicals

-Inflavouringandpreservationoffood

-Inmanufactureofsyntheticfibres

iv) 2CH3COOH(aq)+K2CO3(s) 2CH3COOK(aq)+H2O(l)

d) i) Naturalfibresinclude

Rubber,Cellulose,Wool,starch,silk

ii) Advantagesofsyntheticfibres.

- Canbemadeintocomplicatedshapesmoreeasily.

- Lessexpensive

- Resistanttocorrosion

- Lessdenseandstronger

19. a) i) Changefrom orangetogreen.

ii) Effervescenceandacolourlessgaswhichburnwitha“Pop”sound

Produced.

b) StepI:Fermentation:Glucosesolutionismixedwithyeast.The

Enzymesfrom yeastconvertglucosetoethanol.

StepII:fermentation:Dehydration:Ethanolismixedwithconcentrated sulphuricacid

andheatedinpresenceofAL2O3asacatalyst.

e) i) H H O

│ │

H — C — C — C — O — H

│ │
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H H

ii) H O H

│ │

H — C — C — O — C — H

│ │

H H

f) -Producesacidic–compoundswhichcausesGlobalwarming

-Producesacidiccompoundswhichcausesacidicrain.

20 a)

H

│

C ≡ C — C — H

│ │

H H

b) i) -Hightemperature(7000C)or

-Producesacidic–compoundswhichcausesacidicrain.

ii) Ethane/C2H6

iii) I. Pollutingtheenvironment/theyarenonbiodegradable

II. Hydrolysis

III. Ethypropanoate

iv) H H

│ │

— C — C —

│ │

H H n=16,800

Monomer=16800=600monomers

28

c) i) “M”itisunsaturatedwithadoublebond.Itsanalkene.

ii) “N”ItisanorganicacidandwillreactwithcarbonatetogiveCO2.

21. i) Monomersofcarbohydrates

ii) Condensationinwhichamoleculeofwateriseliminatedbetweentwo

monosacchararide.

22. i) Aminoacids/proteins

ii) Thecarbonchainislinear

iii) -Esterandwater

-Conditionis–heat

-Concentratedsulphuricacid/catalyst

23. i) ClCLH2COOH(aq)+KOH(aq)----CLCH2CH2COOK(aq)+H2O(l)

ii) Molarity=2.635x1000=0.969moles/dm3
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250

iii) MolesofKOH =25x0.1=0.0025

250

iv) Molesofacid=0.0025sinceratiois1:1

24. i) I: -Concentratedsulphuricacid

-Heat

II: Excessacidifiedpotassium manganate(VImanganate(VII)

III: Sodium metal

IV: -Sulphuricacid

-Ethanoicacid

ii) -Textile/clothing

-Tomakeropes

-Safetybolts

-Lents

-Sails

d) i) -Rubber

-Cellulose,Wool,silk,Starch,Protein

ii) Heatingrubberwithsulphursoastomakeitstronghardandtough

e) i) CH3

│

CH2═C — CH ═CH2

ii) 2,meltybut-1,3–diene

25. CH3CH2OH(l) ConcH2SO4 CH2=CH2(g)+H2O(l)

1700C

26. i) C ii) B

27. Ethanoicacid(CH3COOH)reactswithsodium CarbonatetoliberateCarbon(IV)

OxidewhileEthanoicdoesnot.

28. a) Reagent:Hydrogengas

Conditions:Heat

Nickelcatalyst

b) Catalyticcrackingusingasbestosasacatalystandheat

c) -Ozonisedoxygenat00C

-Water

-Acidifiedpotassium Dichromate

29. a) Asubstancethatimprovethecleasingpowerofwater.

Advantages

b) -Formslathereasilyinbothsoftandhardwater

-Notalkalineoracidic

Disadvantaged

- Nonbiodegradable

- Environmentalpollution
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- Eutrophicationinwater.

c) Polarend(_C00-)dissolvesinwatertoform micable.Nonpolarend

(CH(CH2)-)attractthegreese/dirt.Thegreaseisthencarriedoffwhileattractedtothe

nonpolarendlinkedtowatertothepolarendasacoagulant.

d) Toavoidscum formationinhandwaterbycomplexingwithcalcium and

magnesium ions.

e) Addalittlefat/oiltoaqueousSodium Hydroxideandboilforsometime.

Addsaturatedsodium,Chloridetoprecipitateoutsoap(saltingout)filteranddryto

obtaininsolidsoapwhichcanthenbemadeintoflakes.


