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ORGANICCHEMISTRY

COURSEOUTLINE:

 DefinitionoforganicChemistry

 Propertiesoforganiccompounds

 Functionalgroupsoforganiccompounds

 Molecularempiricalstructuralformulae

 Homologousseries(Groupsoforganiccompounds)

 Alkanes

 Alkener Hydrocarbons

 Alkynes

 Alkylhalides(Halogenoalkanes)

 Alcohols

 Ethers

 Phenols

 Benzene

 Methy/Benzene

 Nitrobenzene Aromatics

 Chlorobenzene

 Carbons/compounds

 Aldehydes(Alkanals)

 Ketones(Alkanones)

 Carboxylicacids

 Acidichalides(Alkanoychlorides)

 Amides

 Esters

 Amines

 Diazonium salts

 Appliedorganicchemistry

 Practicalorganicchemistry

Referencebooks:

PrinciplesofOrganicChemistry

A’levelChemistry–Ramsden.

INTRODUCTION:
DefinitionofOrganicChemistry:
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OrganicChemistryistheChemistryofCarbonandrelatedelements.Itdoesnot
involveinorganiccompoundsofcarbonlikeCO2, s, s.CO2-

3
HCO

-

3

OrganicChemistrystartedwhenthefirstorganiccompoundswerelargelyobtained
from livingthings.Thisthereforemakescarbonasthemostabundantelementin
livingorganisms.

PROPERTIESOFORGANICCOMPOUNDS:
Organiccompoundsarecharacterizedbythefollowingproperties:
 TheyaremadeupofcarbonandotherelementslikeH2,O2,N2,S,PandCl2.
 Theyarecomplexinstructuree.g.somearemadeupoflongchainsofcarbon,

highlybranchedchain,ringsofcarbon.
 Theyexhibitisomerism aconditioninwhichseveralstructurescanbewritten

from onemolecularformula.
 Allorganiccompoundsarebondedbycovalentbonding.
 Mostorganiccompoundsundergoslowerreactions.
 From theaboveproperties,organicchemistryplacesalotofinterestinthe

behaviourofcarbon.

Carbonasanelementinorganicchemistry:
C(6) = 2:4 1S22S22P2

Electronicconfiguration

From theaboveconfiguration,carbonhasgottwoprincipleequationnumbers,a
totalof6electrons.

2electronsintheS-orbital(innerenergylevel).
4electronsinthe2ndprinciplequantum numberdistributedas2intheS-orbitaland
2inP-orbital.

Whencarbonundergoesachemicalreaction,itusesallthefourelectronsintheP-
quantum numberwhichgivesitatetravalent.

Sincebondinginorganiccompoundsoccursincovalentbond(sharingelectrons),it
meanseachcarbonatom shouldcontributefour(2pairsofelectrons).Carbonthen
forms 4 covalentbonds by molecularmixing oforbitals a process known as
Hybridization.

HYBRIDIZATIONOFORBITALSINCARBON
S S P

C(groundstate-uncreative)
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Whencarbonatom isexcited,oneelectronfrom the2S–orbitalissenttothe2P
givingintotalfourunpairedelectronswhichnowbecomethetetravalentofcarbon.

BondingincarbonthereofinvolvesthemixingoftheS–andtheP-orbitals.

(i) Formationofalkanes(Examplemethane).
Bondinginalkanesinvolves2SP3hybridization.
H

|
H C H C 1S 2S 2P

|
H

H H H H

(ii) Bondinginalkenes
Inalkenes,bondinginvolves2Pshybridization.

Ethene:
H H

| |
C = C
| |

H H H H

C

H H

(iii) Bondinginalkynes
2SPhybridizatione.g.ethyne
i.e.1electronin2Sofeachcarbonatom combinestoform anormalsigma
bondwhileeachhydrogencombineswitheachofthe2SPelectronleaving2
unpairedelectronsinthe2Pwhichwilloverlaptoform 2πbonds.
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H C C H

H C≡C H

UNIQUEPROPERTIESOFCARBON
Carbonisgenerallyauniqueelementanditdisplaysthefollowingproperties:
(i) Ifformsmultiplebondswithotherelementsoritself.E.g.

–doublebondC=C(alkene); C=O(carbons)
-triplebondC≡C(alkynes);C≡N(Nitrates)

Carbon forms up to 4 covalentbonds and this is always exhibited in allits
compounds.

-C- -C=C- -C≡C– -C≡ N.

Carbonformslongchaincompoundsaprocessknownascatenation,e.g.
-C–C–C–C-.

Carbonringsandbrandedcompounds.
C

C C -C-
-C–C–C

C C
C

FUNCTIONALGROUP:
Isanatom ofgroupsofatomsinanorganiccompoundthatdeterminesthechemical
propertiesofthatcompound.

Mostofthe chemicalreactionsoforganiccompoundsare determined by their
functionalgroup.

Familiesoforganiccompoundsknownashomologousseriesarealsodeterminedby
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functionalgroup.
No. Homologousseries(class) Functionalgroup Examples

1. AlkanesC
n
H

2n+2

(R–H)
-C–C–(Carbonsingle

bond)

(Methane)H
4

2. Alkenes(C
n
H

2n)
-C=C–(Carbondouble

bond)

(Ethene)C
2
H

4

3. Alkynes(C
n
H

2n+2) -C≡C–(Carbontriple

bond)

(Ethyne)C
2
H

2

4.

Alkyl halides/halogenal

alkaner(R–x)

XC
n
H

2n+1

WhereXisahalogene.g.

Cl2,Br.

Halogen(X) Cl(Chloroethane)C
2
H

5

5. Alkanals(alcohols)

(R-OH( OHC
n
H

2n+1 )

Hydroxylgroup

(-OH)

OH(Propanol)C
3
H

7

6. Ethers(R-OR) -O–(Oxygen) O H HC
2
H

6

H–C–O–C

–H

H

H

(dimethyl)(etherofmethoxyl)

7. Carbons/Compounds O H OC
2
H

4
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(i)Alkanals(aldehydes) -C–H(Carbony/Carbon

& H2)

H – C – C –

H

H

(Ethanal)

(ii) Alkanones(Ketone)

O

R–C–R

O

-C–(Carbony/Carbon)

O(Propanone)C
3
H

6

H H

H–C–C–C–

H

H O H

8. Carboxylicacid

R–COOH

O

-C–O–H

Carboxylicacidgroup

(Ethanoicacid)C
2
H

4
O

2

H O

H–C–C–O–

H

H

9. Esters(ROOR) O

-C–O–

(Methylethanoate)C
3
H

6
O

2

H O H

H–C–C-O–C–H

H H H

10. Nitrocompound (Nitrogroup)-NO
2

(Nitroethane)C
2
H

4
NO

2
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R-NO
2

H H

H–C–C-NO
2

H H

11. Nitriles(Cyanohydrins)

R-C≡N

-C≡N(Nitrilegroup) Ethanitrile NC
2
H

3

H

H–C–C≡N

H

12. (Acidohalides)

O

R–CO–X

O

C–X

ClC
2
H

3
O

4

H O

H–C–C–X

H

(Ethanoyl)

13. Amides

O

R–C-NH
2

O

-C-NH
2

(Amidegroup)

- ONC
2
H

5

H O

H–C–CNH
2

H

(Ethanimide)

14. Amines

(R-NH
2)

- (Aminogroup)NH
2

H

H–C-NH
2

H

N(Methylamine)CH
5

EMPIRICALMOLECULARANDSTRUCTURALFORMULAE

Empiricalformulaisthesimplestformulawhichexpressestheratioofthenumber
ofatomspresentinamolecularorcompound.E.g.
Acertainorganiccompoundhas39.13% bymassCarbon52.23%,Oxygenandthe
resthydrogen,determineitsempiricalformula.
39.13+52.23
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100–91.36=8.64

Element C H O
Percentagecomposition39.13 8.64 52.23
Composition 39.13 8.64 52.23

Rfm 12 1 16

Numberofmoles 3.2608 8.64 3.2644
Dividebysmallest 3.2608 8.64 3.2644

3.2608 3.2608 3.2608

Moleratio 1x2 2.6x2 1x2 1x3 2.6x
3 1x3

1 5.3 1 C
3
H

8
O

3

∴Empiricalformula=C
2
H

5
O

2.

Molecularformulaexpressesthetrueoractualnumberofeachatom presentin
1moleofacompound.Itisalsoamultipleofanempiricalformular.

= n =simplewholenumber.
Molecularformulamass

Empiricalformularmass

Molecularformula=[Empiricalformula].

MOLECULARFORMULAMASSES:
Theycanbedeterminedfrom;
(i) Vapourdensity:

Whenacompoundisvapourizedandweighed,itsmassistwicethemolecular
formulamass.
2xV.P=MFM.

(ii) Ratesofdiffusion(Graham’slaw)

= xMFM
A

R
A

R
B

2 MFM
B

(iii) Idealgasequation

PV=nRT;PV=
mRT

mR
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Mr=
mRT

PV

GASEOUSHYDROCARBONS(EUDIOMETRY)
Eudiometry is a technique used to determine molecular formula of gaseous
hydrocarbons.

When agaseoushydrocarbon isexploded with excessoxygen,itreadily burns
forming Oastheonlyproduct.CO

2and
H

2

Ifthegasesarepassedoveranalkalie.g.(KOH orNaOH),alltheCO2 formedis
absorbedandthediminution(reduction)inthevolumeofthegasesisduetoCO2.

TheresidualgasatthatpointwillnowbeexcessO2.

ThevolumeofH2Oformedisregardedasnegligible.

CxHy(g)+ (g) X +
x+y

4
O

2
CO

2
(g)

x

2
H

2
O

(l)

From theaboveequation,everyonemoleofahydrocarbonisequivalenttoXmoles
of produced.CO

2

Similarwhenthevolumesarerelated,thevolumeatCO2 isequivalentto(X)x
volumeofCO2produced.

X(VolumeofHC)=VolumeofCO2produced.

ThenthevolumeofO2 usedcanalsoberelatedtothevolumeofthehydrocarbon
byvolumeof;

Oxygenused= (Volumeofhydrocarbon).(x+y

4 )

Example:
ofagaseoushydrocarbonwereexplodedwith ofoxygeninasealed15cm3 105cm3

vesselaftercooling,theresidualvolumeoccupies .Onadditionofcaustic75cm3

potash,therewasafinaldiminution/decreaseofvolumeto .Determinethe30cm3

molecularmassofahydrocarbon.
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Letthehydrocarbonbe .C
x
Hy

+ +C
x
H

y(g) (x+y

4 )O
2(g)

XCO
2(g)

y

2
H

2
O

(l)

Volumeof used=105–30=O
2

75cm3

Volumeof produced=75–30=45CO
2

cm3

=volumeof produced.C
x
Hy CO

2

=45.

=3.
45

15

x+y =Volumeof used.(VolumeofHC) O
2

4
153+y =75 3+y =5

4 4
y

3+y =75 4 =2
4 15 y=8.

MolecularformulaisC
3
H

8

12x3+8x1=449.

DETERMINATIONOFMOLECULARFORMULAOFORGANICCOMPOUND
USINGMASSOF O.CO

2and
H

2

Whenanorganiccompoundisburnt,themassesoftheproducts,carbondioxideand
H2Otogetherwiththeinitialmassoftheorganiccompoundcanbeusedto
determinethemolecularformula.
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Example:
0.464gofanorganiccompoundQwhenburntgave1.32gofCO2,0.315gofH2O.
When0.2325gofQwereseparatelyburnt,7.08cm3ofN2gasats.t.pwas
produced.DeterminethemolecularformulaofQanddrawitsstructure.Vapour
density=46.5.

Organiccpd+O2 CO2+H2O
12gofC 44gofCO2

2gofH 18gofH2O.

12gofcarbonproduces44gofCO2.
Xgofcarbonproduce1.32gofCO2.

gofcarboninorganiccompound.( x1.32
12

44 )
=0.36g.

Percentageofcarbon= x100
0.36

0.464

=77.6%

2gofH2inQproduces18gofH2O.
yofH2inQproduces0.315gofH2O.

y= gof( x0.315
2

18 ) H
2

=0.035g.

PercentageofHinQ= x100
0.035

0.464

=7.5%

MassofNitrogen=0.36+0.035=0.395
0.464–0.395
=0.069gofN2.

PercentageofN2=77.6+7.5=85.1g
(100–85.1)

=14.9%

1moleofagascontains22400cm3ats.t.p.
XmolesofN2contains7.08cm3.
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7.08
22400=3.16x10-4moles.

0.2325gofQproduces3.16x10-4molesofN2.
XgofQproducedby1moleofN2.

Elements C H N
Percentagecomposition 776. 7.5 14.9

Relativeatoms
77.6

12

7.5

1

14.9

14

Moles 6.47 7.5 1.06

Simpleratio
6.47

1.06

7.5

1.06

1.06

1.06

Simpleratio 6 7 1

Empiricalformula NC
6
H

7

n=46.5x2( NC
6
H

7 )
n(12x6)+7x1+14=93
93n=93
n=1.

Molecularformula= NC
6
H

7

H–N–H

C
H H

C C
Phenyl-amine.

C C
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H H
C

H

STRUCTURALFORMULA
Itshowsthedifferentatomsandhowtheyareconnectedinonemoleculeofa
compounde.g.
1. Ethanestructure.

H H

H–C–C–H or H3C.CH3

H H

2. Nitrobenzene(C6H5NO2).
H

C
H–C C–N–O

C C O
H H
C

H

3. Propane(C3H8)
H H H

H–C–C–C- or H3C–CH2.CH3

H H H

4. But-2-end(C4H8)
H H H H

H–C–C=C–C–H or H3C.CH=CH.CH3

H H

5. Buta-3-diene
H H H

H–C=C–C=C–H or H2C=CH.CH=CH2
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H

ORGANICCOMPOUNDS
Organiccompoundsaregenerallyclassifiedaccordingtothefunctionalgroupsthey
dohaveanditsveryimportantthatalltheorganiccompoundsaregivennames.

NOMENCLATUREOFORGANICCOMPOUNDS
Namingoforganiccompoundsfollowsastrictsystem ofnomenclaturewherenames
areassigned.

NAMINGOFHYDROCARBONS
Theyarenamedusing“stem”namesthatindicatethealkylgroups.E.g.

Alkylgroup: Name:

1 Methyl+
CH

3

2 Ethyl+
CH

2
CH

3

3 Propyl+
CH

2
CH

2
CH

3

4 Butyl+
CH

2
CH

2
CH

2
CH

3

or 6 Phenyl-C
6
H

5

RULESGOVERNINGNOMENCLATURE(Guidelines)
(i) Hydrocarbonsarenamedasderivativesofalkanes.Wherethesuffic-ane-

isaddedtothestem name.

(ii) Alwaysidentifythelongestcontinuouschaininthecompoundandthis
givestheparentname.Otherthingsattachedtothatchainareregardedas
branches.E.g.

H3CCH.CH2CH3 but-4carbonatoms.

CH3 Branch

(iii) Number–thecarbonparentchainfrom oneendtotheotherendgivingthe
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positionofthebranchthelowestnumber.E.g.

H3CCHCH2CH3

CH3

(iv) Iftherearemorethanonesubstituentbranch,thenumberinghastoconsider
thelowestsum ofthepositions.E.g.

CH3

H3CCHCHCHCHCH3

CH3

R–L–sum ofbranches=4+5=9.
L–R,sum ofbranches=2+3 selected.

=5

Thesum ofthelocantsmovingfrom lefttorightisthelowestandtherefore
itispreferred.

(v) Allthepositionsofthelocantsareidentifiedandtheyareputasprefix
separatedwitha(-)inthebranch.E.g.
2–methyl
3–methyl

(vi) Whentherearemorethanonesubstituent,thefollowingisnoted:
(a) Similarsubstituentsaregivenaprefixdi–2,tri–3,tetra–4----

andtheirlocantsarealsoindicatedbeforetheprefixbutthelocant
separatedbyacomma(,).E.g.2,3-dimethyl.
Thenumericalorderofthelocantsisfollowed.

CH2CH3

H3CCH–CHCH2CH2CH3 hex–6carbonatoms.

CH3

3–Ethyl
2–Methyl

Thealphabetsinthebeginningletterofthenamesofthesubstituent
hasgottobefollowed.

(vii) Thelastnametobewrittenistheparentnamewhichindicatesthenumber
ofcarbonatomsinthechain.

CH3 CH2CH3
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CH3-CH2C-CH2-CH-CH2-CH3

CH3

3,3-dimethyl-5-ethylheptane.

Ifamultiplebond(tripleordoublebond)ispresent,thenthelongestchain
identifiedmustinvolvethe(doubleortriple)bond.

Themultiplebondmustbegiventhelowestnumberwithinthestem name.
H3CCH2CH=C–CH2CH3

CH2

CH2

CH7

4-ethylheft-3-ene.

(viii)Whenthereareotherfunctionalgroups,theirpositions,namesareindicated.
E.g.Halogen(Cl,F,Br,I)=Chloro,Fluoro,Bromo,Iodo.
OH=(alcohol)–Ol
C=C(doublebond)–ene
C≡C(triplebond)–yne.

O

C–H (aldehyde)–anal

O

C (Ketone)–one

(amine)–amine.-NH
2

(ix) VOWEL/CONSONANTRULE
Whennamingacompoundwherealocantisincludedwithinthestem name,
thetwolettersclosetothelocantmustbeavowelandaconsonantandnot
allvowelsorallconsonants.E.g.
CH3CHCH3 Propan–2-Ol

OH Consonant Vowel

CH3CH=CHCH=CH2 Penta–1,3-diene.

HOCH2CH2OH Ethane-1,2-diol.

HOOC.COOH Ethane-1,2-diocacid.
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CH3COOH Ethanoicacid.

(x) Whennamingcompoundswithverymanyfunctionalgroups(polyfunctional
compounds),thefunctionalgroupsareassignedanorderdependingofthe
seniority orderand thisorderisthe carboxylic acid,carbonyl,cyanide,
ketone,alcohol,amines,doublebond,triplebond,nitrogroupandhalogen.

O O

-COOH>C–H>C≡N> C> -OH> -NH2> –C=C->
Katone Hydroxyl

C≡C>NO2>X(halogen).
E.g. CH3CHCH2COOH

Cl 3–chlorobutanoicacid.

NH2

CH3CH–CHCH=CH2

Cl 4-chloro-3-aminopentene.

H2C=CHCH2CH2C≡CH
Hexane-5-yne.

Forthecaseofcycliccompounds(ringedcompounds),theprefix“cyclo)is
addedtotheparentalkanename.

CH2

Cyclopropane Cyclobutane
H2C CH2

Cyclopentane Cyclohexene

Cyclohexa-1,3,5–triene.
Or
Benzene(Phenylgroup)

STRUCTURESOFORGANICCOMPOUNDSFROM NAMES:
Structurescanbewrittenfrom thenames.

Example:
Butane

H H H H
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H–C–C–C–C–H Or H3CCH2CH3CH3

H H H H

2-Methylpropane.
H

H H-C-H CH3

H-C – C–C–H OrH3CCHCH3

H H H

5-methylheft-3-ene.
H

H H H H–C–H H

H–C–C–C=C–C–C–C–H

H H H H H H

CH3

H3CCH2CH=CHCHCH2CH3

3,4-dimethylpentanol.
H H

H H H–C–H H–C–H

OH–C - C- C - C- C-H

H H H H H

4,5-dimethylhex-2-yne.
H

H H–C–H H H

H–C –C ≡ C– C– C – C–H

H H H–C–H H

H

Ethane-1,2–diol
H H

OH– C – C–OH
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H H

Phenylmethanol
CH2OH

2-phenylethanol

CH2CH2OH

2,2–dimethylpropane
CH3

H3C.C.CH3

CH3

Propane-1,2,3–triol.
HO.CH2CH CH2 Or:H2C(OH)CH(OH)CH2.OH

OH OH

Or: H H H

H–C – C– C–H

OH OH OH

InternationalUnionofPureandAppliedChemistry.

N.B: NameorganiccompoundsshouldalwaysconsidertheIUPACsystem.Where
namesandsystematicallywrittenandthisisthemostuniversallyknownway
ofnaming.However,trivialnamesmaybefoundinanumberofbooksand
theseshouldnotbeusedforexam purposes.

E.g.CH≡CH(Ethyne)=(Acetylene)trivialname.
CH3CH2CH2OHPropanol=(Propylalcohol)trivialname.

ISOMERISM
Thisistheexistenceofcompoundswiththesamemolecularformulabutdifferent
structuralformulae.ThesecompoundsareknownasIsomers.

Typesofisomerism
Therearetwotypesofisomerism withanumberofsubtypes.
1. Structuralisomerism
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Thetypeofisomerism wherecompoundsdifferinthearrangementofatoms
within themoleculei.e.isomersunderstructuralisomerism differin the
carbonskeleton.

2. Stereoisomerism
Typeofisomerism wherecompoundsofthesamemolecularformulaand
structuralformuladifferinthespatialarrangementofatoms.

STRUCTURALISOMERISM
Structuralisomerscanbefurthersubdividedinto:
(i) Chainstructuralisomerism

Thisiswherecompoundsdifferinthearrangementofcarbonatomsina
molecule.

Note:Thepositionofthefunctionalgroupinthechainmustremainthesame.E.g.
(C4H10)

H3CCH2CH2CH3 -Butene

CH3

H3CCHCH3 2-methyl(propane).

C5H12

H3CCH2CH2CH2CH3 -pentane

H3CCH2CHCH3 3-methyl(butane)

CH3

CH3

H3C–C–CH3

CH3

(ii) Functionalisomerism
Typeofisomerism wheretheisomersdifferbythefunctionalgroup.Such
isomersalsodifferinbothphysicalandchemicalproperties.E.g.Alcohols.
- Ethersareisomeric.

C2H6O

H3CCH2OH Ethanol.

H3COCH3Dimethyether(methoxyethane)

- Alkenesandcyclicalkanes
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(C3H6)
H3CCH=CH2 Propane

CH2

H2C CH2 Cyclopropane.

- Carboxylicacidsandesters.
C4H8O2

H3CCH2CH2COOH Butanoicacid

O

H3CC–OCH2CH3 Ethylethanoate(ester)

(iii) Positionalisomerism
Typeofisomerism wherethecompoundswiththesamemolecularformula
differinpositionofthefunctionalgroupwithinthesamecarbonskeleton.
- (C3H7OH)

H3CCH2CH2OHPropan-1-Ol

H3CCHCH3 Propan-2-Ol

OH

- C4H8

H3CCH2=CH2CH3 But-2-ene

H2C=CHCH2CH3 But-1-ene

- (C4H9Cl)
H3CCHCHCH–Cl Chlorobutane

H3CCH(Cl)CH2CH3 2-Chlorobutane

Question:
WritealltheisomersofthecompoundswithmolecularformulaC5H12O.
1. H3CCH2CH2CH2CH2OH –Pent-1-ol

2. CH3CH2CH2CHCH3 Pentan-2-ol

OH
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3. CH3CH2CHCH2CH3 Pentan-3-ol

OH

4. CH3CHCH2CH2OH 3-methylbutanol

CH3

5. CH3

CH3C.CH2OH 2,2-dimethylpropanol

CH3

6. CH3CH2CHCH2OH 2-methylbutanol

CH3

7. CH3CH2OCH2CH2CH3 Ethoxypropane.

8. CH3OCH2CH2CH2CH3 Methoxybutane.

Note:1,2,3arepositionalisomers.
4,5,6arechainisomers.
7and8arefunctionalisomers.

STEREO-ISOMERISM
Thecompoundsdifferbyspatialarrangementofatoms.Therearetwotypesi.e.
geometricalsteroisomerism andopticalsteroisomerism.

GEOMETRICALSTEROISOMERIM
Is where isomers have the same structuralformula butdiffer in the spatial
arrangementofthegroupsaroundadoublebond.

Geometricalisomersariseasaresultofadoublebondwhichisplanaranddoesnot
allow freerotation(restrictedrotation)unlikeasinglecarbonbondwhichfreely
allowsrotation.

Geometricalisomerscanthereforebe;
(i) Cis-geometricalisomer.

Iswhenidenticalgroupsofatomsareonthesameplaneofthedoublebond.

(ii) Trans-geometricalisomer.
Iswhenidenticalatomsarerotatedonoppositeplanesofthedoublebond.

But-2-ene
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H CH3

C=C Transbut-2-ene.
CH3 H
H H

C=C Bisbut-2-ene

CH3 CH3

1,2-dichloroethene.

H H

C = C Cis1,2dichloroethene.

Cl Cl

Cl H
C= C Trans1,2dichloroethene

H Cl

Butene-1,4-diocacid
HOOC H

C = C Transbutane-1,4-diocacid.

H COOH

H H
C= C Cisbutane-1,4-diocacid

COOHCOOH

OPTICALISOMERISM
Type ofisomerism thatarises when two ormore compounds with the same
molecularorstructuralformulahavegotdifferentopticalpropertiesinrotatingthe
planeofpolarizedlight.

Theopticalisomersareusuallynotsuperimposableontoeachotherandtheyhave
gotmarkeddifferencesinthephysicalandchemicalproperties.

Foranyopticalisomerstoexist,theymusthaveamusthaveamirrorimageof
eachotherandrotatingaplaneofpolarizedlighteithertotherightortotheleft.

Whenanisomerrotateslighttotheright,itisknownasDEXTROROTARY
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(D-isomer)(+veisomer).
Whenitrotateslighttotheleft,itisknownasLEVOROTARY(L-isomeror–ve
isomer).E.g.lacticacid(2-hydroxypropanoicacid).

CH3CH(OH)COOH

H3C COOH HOOCCH3

C C

H OH HO H

D-isomer (L-isomer)

CONDITIONSOFGEOMETRICALISOMERS
A compound musthave asymmetricalcentre.Thisisa centre joined by four
differentgroupsofatomsandthatcarboncentreissaidtobeasymmetriccarbon.
E.g.2-methylbutan-2-ol(amylalcohol).

H3C OH OH CH3

C C

CH2 H H CH2CH3

CH3

L-isomer D-isomer

Waysofwritingorganiccompounds
(i) Usingcarbon-carbonbonds.

H3C–CH2–CH2–CH3Butane.

H3C–CH=CH–CH2–CH3 Pent-2-ene.

(ii) Plainlyillustratingatom.
CH3CH2CH2CH3 Butane.

CH3(CH2)2CH3 Butane.

(iii) Usingthemolecularformula.

C4H8 Butene

C6H6 Benzene

C6H5NO2 Nitrobenzene.

(iv) Usingskeletalstructure.
(a) Pentane
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(b) Hex-3-ene. Cyclohexene.

(c) 2-methylbut-2-ene Cyclohexane.

Note:No.(iv)isnotcommonlyusedatA’level.

ORGANICREACTIONS
Generallymostorganicreactionsareslow comparedtoinorganicreactions.Atthe
sametime,theyyielddifferentproductdependingontheconditionsofreaction.
Whenconsideringaparticularorganicreaction,conditionsatwhichittakesplace
mustbespecified.

TYPESOFORGANICREACTIONS.
Thereareseveraltypesoforganicreactions,categorizedunderdifferentways.

Bondbreakinginorganicreaction.
Therearetwowaysinwhichbondscanbebrokeninorganicreactions.

(a) Heterolyticfission.
Hereanorganicbondisbrokenandtheresultingelectronswithinabroken
bondarethentakenupbyoneatom givingrisetoions.E.g.

Ionepairofelectrons.

CH3–Cl
+
CH3+ Cl

-

A ÷ B A
+

+ B
-

Ions.

(b) Homolyticfission
Typeofbondbreakingwherebytheresultingelectronsinthebrokenbond
areequallysharedbythetwoatoms.Thisresultsintoatomswithunpaired
electronswhicharecalledfreeradicals.E.g.

A ÷ B A + B
Freeradicals

CH3 H CH3 + H
Freeradicals.
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TYPESOFORGANICREACTIONS

1. ELECTROPHILLICADDITIONREACTIONS
Electrophillicaddition reactionsarereactionsin which an electrophilleis
addedtoareactingsubstrate(molecule).

Anelectrophilleisanelectronseekingspeciesoratoms.Electrophillesare

usuallypositivelycharged.E.g.
+

NO3,
+

Cl,
+

CH3.

Examples:
CH2=CH2+Cl–Cl Cl-CH2–CH2–Cl.

2. ELECTROPHILLICSUBSTITUTIONREACTION.
Typeoforganicreactionwhereanelectrophilleissubstitutedbyanother
electrophille.

H
H

H H H
CH3

+
+
CH3 + H

+

(Electrophille)
H H H

H
H

H

+
CH3substitutesH

+
.

3. SUBSTITUTIONNUCLOEPHILLICREACTIONS
Typeoforganicreactionwhereanucleophillereplacesanothernucleophillein
areactingmolecule.

Anucleophilleisaspeciesorgroupofatomsthatseekforthepositivecentre
ofthereactingmolecule.Theyeitherbenegativelychargede.g.

, , orneutral(uncharged).E.g.H2O ,NH3.H
-

O
Cl

-
Br

-

Allnucleophillesmusthavealonepairofelectrons.

CH3CH2CH2–Cl+ CH3CH2CH2–OH+ .H
-

O
Cl

-

Nucleophillicsubstitutionreactionscaneitherbe;
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(i) Substitutionnucleophillicbiomelecular(SN2).Heretwomoleculesare
involvedintheratedeterminingstepofthereaction.

OR:
(ii) Substitutionnucleophillicunimilecular(SN1).Hereonlyonemoleculeis

involvedintheratedeterminingstepofthernx.

4. Eliminationreactions(E).
Thesearereactionswhereanatom iscompletelyremovedfrom themolecule.
Thisalwaysresultsintotheformationofadoubleormultiplebond.E.g.

Cl

CH3CHCH3 CH2=CHCH3+Cl
-

+H
+
.

NOTE: Elimination reactions can also be biomolecular (E2) or
unimolecular(E1).

FACTORSTHATAFFECTORGANICREACTIONS.

(i) Conditionsoftemperature.
Temperature affects a numberoforganic reactions and therefore when
writingthosereactions,temperaturehasgottobespecified.

(ii) Natureofthesolvent.
Thenatureofthesolventusedaffectsthetypeoforganicreaction e.g.
aqueouscondition,organicsolventcondition.E.g.

- Cl+ OH+CH
3
CH

2
heatH

(aq)

-

O
CH

3
CH

2
Cl

-

Ethanol
CH3CH2–Cl+ CH2=CH2.H

-

O

Heat

(iii) Thestructureofthereactingmolecule.
Thestructureofthereactingmoleculecanaffecttheorganicreactionin
severalwayslike.
(a) Sterichindrance.

A conditioninwhichthesurroundingalkylgroupspreventareagent
from attachingthereactioncentree.g.

CH3 CH3 CH3

H3C–C
+

H3C–C
+

H-C
+

-H

CH3 H
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Tertiary Secondary Primary
Carbocation Carbocation Carbocation

(b) Electronegativity
δ+ δ- δ+ δ+ δ-

CH3 -Cl CH3 - Br CH3 -I

(c) Bondlength.
Usuallylongerbondsareeasilybrokenthantheshorterones.Ifa
reactionproceedsbybreakingaparticularbond,alongerbondcan
theneasilybebrokenthanasmallerone.

MECHANISM OFREACTIONS
A mechanism ofan organicreaction isan illustration by showing theflow of
electronsfrom onecentretoanother.Thisflow isnormallyillustratedbymeansof
curledarrows.

Whenadoubleheadedarrow isused,itimpliestwoelectronsflowingi.e. and
whenasingleheadedarrowisused,itimpliesoneelectroni.e. .

Thearrow mustalwaysbeginatthecentreofthedoublebondwhereelectronsare
positionedandendswhereelectronsaredeficientoritmustbeginatthecentreofa
lonepairofelectrons.E.g.

Electronrich

(i) CH2 = CH2 Br
+

-Electrondeficientcentre.

(ii) Cl – Cl 2Cl

(iii) H2O

+CH2 CH3 H2O
+

CH2CH3

ALKANES
Thesearesaturatedhydrocarbonscontainingcarbonandhydrogenelementsonly
joinedbyasinglecovalentbond.

Theopen chain hydrocarbons(alkanes)havegotageneralformulaofCnH2n+2

wheren=awholenumber.
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Functionalgroupofallalkanesisacarbon-carbon“C-C”singlebondwhereall
thefourvalencyelectronsofcarbonareinvolvedinthebonding.

Examples:
H

n=1 CH4 H–C–H Methane

H

H H

n=2 C2H6 H–C–C–H Ethane

H H

H H H

n=3 C3H8 H–C–C–C–H Propane

H H H

NOMENCLATURE
Alkanesarenamedassaturatedhydrocarbonsbyaddingthesuffix-aneonthestem
nameoftheparenthydrocarbon.

Theparenthydrocarbonindicatesthenumberofcarbonatoms.

NumberofcarbonatomsParentname Alkane
n=1 Meth Methane
n=2 Eth Ethane
n=3 Prop Propane
n=4 But Butane
n=5 Pent Pentane
n=6 Hex Hexane

Thebranchesontheparentchainmustbeindicatedtogetherwiththeirpositions.

Forcyclicalkanes,thewordcyclohasgottobewrittenbeforetheparentname.
H3CCH2CH2CH3 n–Butane.

H3CCH2CHCH3 2-methylbutane.

CH3

H3C–CH3–C–H–CH2–CH3 3-isoprophylpentane
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CH

CH3 CH3

CH2–CH2

CH2 CH2 Cyclopentane

CH2

ISOMERISM INALKANES
Alkanesexhibitstructuralisomerism specificallychainisomerism wheretheisomers
differinthechain.

C6H14

H H H H H H

H–C–C–C–C–C–C–H n-hexane

H H H H H H

H3CCH2CH2CHCH3 2-methylpentane

CH3

CH3

H3CCH2CHCH2CH3 3-methylpentane

CH3

H3CCHCHCH3 2,3-dimethylbutane

CH3

CH3

H3CCCH2CH3 2,2-dimethylbutane

CH3

PREPARATIONSOFALKANES
1. FROM UNSATURATEDHYDROCARBONS
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Alkanesarepreparedbyreductionofunsaturatedhydrocarbonse.g.alkenes
andalkynes.

WhenanalkeneisreactedwithH2,inthepresenceofasuitablecatalystlike
nickelat150oC,platinum (Pt)andparadium (Pd)atroom temperature,an
alkaneisformed.

AlkynesalsoundergothesamereactionexceptthatexcessH2isrequired.

CH2=CH2+H2 CH3
-
CH3

Ni

15 C0
o

Ethene Ethane

CH3CH=CH2+H2 CH3CH2CH3
Pt

r.t.p
Propene Propane

H

+ H2
pd

r.t.p
H

Cyclohexene Cyclohexane

CH3C≡CH + 2H2

Pt
CH3CH2CH3

Propyne Propane

+ 2H2 H H
Ni

15 C0
o

Bicyclohexa-1,6-diene H H
Bicyclohexane

2. FROM HALOGENOALKANES(ALKYLHALIDES)(R-X)
(i) Whenalkylhalidesarereducedwithzincinthepresenceofconc.HCl

acid,alkanesareformed.

CH3CH2–Cl+Zn
Conc.HCl

CH3CH3 +ZnCl2

Chloroethane Ethane
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Cl

+Zn
Conc.HCl

+ ZnCl2

Cyclochlorohexane Cyclohexane

CH3 CH3

CH3–C–CH3
Zn/Conc.HCl

CH3–CH–CH3+ZnCl2.

Cl
2-chlor-2-methylpropane 2-methylpropane.

(ii) Whenalkylhalidesareheatedwithsodium metalinether(diethyl
ether)alkanesareformedbutwithincreaseincarbonchain(doubling
thecarbonchain).ThisreactionisknownasWurtzreactionandits
usuallyimportantinorganicsynthesiswhendoublingthecarbonchain.

2CH3Br
2Na/ether

CH3CH3+2NaBr

Bromomethane Ethane

2CH3CH2–Cl+2Na CH3CH2CH2CH3+2NaCl
ether

Heat
Chloroethane Butane

2CH3CH–CH2–Cl+2Na CH3CHCH2CH2CHCH3+2NaCl
ether

heat
CH3 CH3

Chloro-3-methyl 2-methylpentane
Propane

2CH3CHCH2Cl+2Na CH3CHCH2CH2CHCH3+2NaCl
ether

heat
CH3 CH3

CH3

2,5-dimethylhexane.
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CH3CH2–Cl+CH3Cl CH3CH2CH3+2NaCl
2Nalether

heat
n–propane

I

+ 2Na + 2NaI
ether

heat

Biphenyl

2 CH2–I+ 2Na CH2–CH2 +2NaI
ether

heat

1,2biphenylethane.

(iii) Reductionusingzinc–coppercouple.
Alkyhalidescanbereducedusingzinc-coppercoupleinpresenceof
ethanoltogivealkane.

CH3CH2–Cl CH3CH3

Zn-Cu

Ethanol

CH2CH2–Br CH2CH3

Zn-Cu

Ethanol

2phenylethane.

3. FROM CARBOXYLICACIDSANDTHEIRSALTS
Alkanescanbepreparedfrom carboxylicacidsorsaltsofcarboxylicacidsby
reactingwithfusedsodium hydroxideorsodalime.

(i) From carboxylicacids.
StepI:
CH3CH2COOH + NaOH CH3CH2CO + ONa

+
H

2

-

O

Propanoicacid Sodium propanoate
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StepII:
CH3CH2COO + NaOH(s) CH3CH3+Na2CO3.Na

+

Ethane

Overallequation:

CH3CH2COOH CH3CH3+Na2CO3+H2O.
Excess2NaOH

(s)

Heat

Note:Thisreactionisveryimportantinorganicsynthesisbyreduction
ofthecarbonchainlengthbyonecarbonatom.

COONa
+ H

+Na2CO3+H2O
2NaOH

(s)

Heat

Benzene

CH3COOH CH4 + Na2CO3+H2O
Excess2NaOH

(s)

Heat
Methane

COONa
+

H

+Na2CO3

Excess2NaOH
(s)

Heat

COONa H

Cyclohexane

4. FROM CARBONYLCOMPOUNDS
Reductionofcarbonylcompoundsusingamalgamatedzincproducesalkanesin
thepresenceofconc.HCl.

Carbonylcompoundsarealdehydesandketonescontaininganoxygenatom in
thecarbonylcarbon,(C=O)whichisremovedbyzincandthengivento
hydrogentoform H2O.e.g.
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O

CH3–C–H CH3CH3+H2O.
Hg-Zn

Conc.HCl
(Ethanalaldehyde) Ethane

O

CH3–C–CH3 CH3CH2CH3+H2O.
Hg-Zn

Conc.HCl

O

C–CH3 CH2CH3+H2O.
Hg-Zn

Conc.HCl

5. CRACKINGOFHIGHERALKANES
Whenhigheralkanesareheatedunderhightemperatures,theybreakdown
intoshorteralkanesandsometimesalkenesarealsoformed.

Summary:
ALKYLHALIDE

R–X
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CARBOXYLICACID Znl ALKYNES
R–COOH Conc.HCl R-C≡CH

(i)Excess Nalether Excess
NaOH Heat H2

(ii)Heat Zn-Cu
CatalystNi

Alkane pt
R–H pd r.t.p

H2

(i)NaOH(s) (i)Hg-Zn Catalyst
(ii)HCl Nil

ALKENES
(ii)Heat pt r.t.p

RCH2=CH2

Pd
CARBOXYLIC CABONYLCPD
ACIDSALT O
R–COONa R–C–H

O
R–C–R

Question:
ConvertCH2=CH2toCH4.

CH2=CH2+HCl CH3CH2Cl CH3CH2OH
NaOH

(s)

Heat

H2O/H+ Cr2 / (aq)O2-

7
H

+

Heat Heat

CH3CH2OH CH3COOH
(aq)Cr

2
O2-

7

Heat (aq)H
+

Heat

CH3COOH CH4+Na2CO3

ExcessNaOH
(s)

Heat
Completethefollowingequations,writingtheIUPACnameofthemainproduct.

1. CH3–CH–COOH
ExcessNaOH

(s)

Heat

CH3

E
x

ce
ss

N
aO

H
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2. Cl+2NaCH
3
CH

2

ether

heat

3. CH
3

+C=CH
2

H
2

Ni

C150
o

4. - BrCH
3
CH

2

Zn-Hg

Ethanol

Solutions:

1. CH3–CH–COOH + + + + O.
ExcessNaOH

(s)

Heat
CH

3
CH

2
CH

3
Na

2
CO

3
H

2

CH3 n-propane

2. Cl+2Na +2NaCl.CH
3
CH

2

ether

heat
CH

3
CH

2
CH

2
CH

3

n–Butane

3. CH
3

CH
3

+ CH-C=CH
2

H
2

Ni

C150
o CH

3

2-methyl-2-phenylethane

4. - BrCH
3
CH

2

Zn-Hg

Ethanol
CH

3
CH

3

n–ethane.

PROPERTIESOFALKANES
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PHYSICALPROPERTIES
(a) Nature:

Loweralkanesexistasgases existasgasesatroom temperature.( -C
1

C
3)

Thisisbecausetheyhavegotlowboilingpoints.

Themedium existasliquids.Higheralkanesaregreaterthan( -C
4

C
9) C

10

existassolidsatroom temperature.

(b) Boilingandmeltingpoints:
Generallytheboilingpointsandmeltingpointsofalkanesarelowerthan
correspondingcompoundslikealcohols,carboxylicacids.

Explanation:
Alkane molecules are held by weak VanderWaal’s forces ofattraction while
correspondingalcoholsandcarboxylicacidsareheldbyrelativelystronghydrogen
bonding.

Withinalkanes,theboilingpointgenerallyincreaseswiththeincreaseinmolecular
weight.

Ethane(30)boilsatlowertemperaturethanButane(56).

Explanation:
Increase in the molecular weightincreases the size ofthe molecules which
correspondingly increasesthe VanderWaal’sforcesofattraction.Thatiswhy
butane(56)boilsatahighertemperaturethanethane(30).

However,whenbranchingisconsiderede.g.pentane.
CH

3

and C-C-CH
3
CH

2
CH

2
CH

2
CH

3
H

3
CH

3

CH
3

mm =72 mm =72
(n–pentane) (2,2-dimethylpropane)

2,2-dimethylpropaneboilsatalowertemperaturethann-pentaneyetbothareof
thesamemolecularweight.

Explanation:
2,2-dimethylpropaneishighlybranchedgivingitasphericalshapewhichreduces
itssizeand weakerVanderWaal’sforcesofattraction willexistbetween the
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molecules.While normalpentane isastraightchain molecule which givesthe
moleculean extendedstructureresultingintorelatively strongerVanderWaal’s
forces.

A SKETCH SHOWING BOILING POINTS OF ALKANES, ALCOHOL AND
CARBOXYLICACIDS

Aklanoicacid
Alkanols

Alkanes

Assignment:
Theboilingpointsofalkaneswithevenandoddnumberofcarbonatomsarenotthe
same.
(i) Identifyhowtheydiffer
(ii) Explaintheabovedifference.

COMBUSTIONOFALKANES
Alkanesusuallyburninairtogive and Oonlyandalotofheatisproduced.CO

2
H

2

Thisexplainswhyalkanesareusedasfuelsindomesticandindustrialuse.E.g.
methaneisanexampleofabiogasthatexplodesreadilytogiveheat.

Gasolineusuallycontainspropaneorbutaneusedindomesticandindustrialheating
andalsotorunauto-mobile.

+ 2 + 2 + HeatCH
4

O
2(g)

CO
2(g)

H
2
O

(l)

+ 5 3 + 4 + HeatC
3
H

8
O

2(g)
CO

2(g)
H

2
O

(l)

REACTIONSWITHHALOGENSINPRESENCEOF(UV)LIGHTORHEAT
Alkanes are generally unreactive butin the presence ofUV radiations (like
sunlight),alkanesreactwithchlorinetoform chloroalkane.Thisisanexampleofa
substitutionreactionwhere atomsaresubstitutedbychlorineatomsfollowingaH

2

B
oi

li
n

g
po

in
ts
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freeradicalmechanism.

Afreeradicalmechanism isatypeofreactionwherefreeradicalsareinvolved.

A freeradicalisachemicalspecieswithunpairedelectronsanditisalwaysvery
unstablebutreactive.E.g.

Excess

+ 4 UV + 4HClCH
4

Cl
2

CCl
4

Excess

C + UV + 3HClCH
3

H
3

Cl
2

CH
3

CCl
3

Limited

+ UV Cl+HClCH
4

Cl
2

CH
3

Theabovereactionisachainreactionwheretheproductsformedbecomethe
reactantsofthenextstep.

Therefore,thereactioncanthenbedividedintothree;
(i) Initiationstep
(ii) Propagationstep
(iii) Terminationstep

INITIATIONSTEP
UV 2ClCL

2(g)

FormationoffreeradicalsusingUV.i.e.

Cl–Cl UV 2Cl
(Freeradical)

PROPAGATIONSTEP
Herethefreeradicalsgeneratedreactwithneutralmoleculestoform newradicals.

H

H – C –H + Cl CH3+HCl

H
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+ Cl - Cl Cl + ClCH
3

CH
3

H

Cl – C –H + Cl CH2+HCl

H

+Cl- Cl + ClCH
2

CH
2
Cl

2

Cl

H - C - H + Cl CHCl2 + HCl

Cl

+ Cl-Cl + ClCHCl
2

CHCl
3

Cl

Cl–C–H + Cl-Cl + HClCCl
3

Cl

TERMINATION
+ Cl CCCCl

3
l
4

Cl+ Cl Cl
2

+CCl
3

CCl
3

Cl
3
CCCl

3

Note:Theabovereactionyieldsamixtureofproductsandthereforeitmightbe
verygoodinthesynthesisoforganiccompounds.E.g.theaboveproducesa
mixtureofcompoundslikechloromethane,Dichloromethane,trichloro
methane,tetrachloromethane.

However,theextentofreactionisdeterminedbytheamountofchlorinepresent.

NITRATION
Alkanesreactwith acidvapour(heated acid)toform Nitroalkanes,HNO

3
HNO

3
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unlikechlorination,inthisreactiononlyonehydrogenatom issubstitutedbythe
nitrogroup.

+ Heat N + OCH
4

HNO
3

CH
3

O
2

H
2

Nitromethane

+ Heat + OCH
3
CH

3
HNO

3
CH

3
CH

2
NO

2
H

2

Nitroethane

MECHANISM

HeatHO NO
2

HO + NO
2

Freeradicals

H

C–C–H + OH H3C+ H2O

H

C +H
3

NO
2

CH
3
NO

2

Petroleum industry
- Howpetrolisformed(distributionofpetroleum)
- Crackingofalkanes(thermalcracking)
- Productsofapetro–chemicalindustry.
- Usesofalkanes–fuels,solvents.

ALKENES
Alkeneareunsaturatedhydrocarbonsconsistingofacarbon-carbondoublebond(-
C=C-)asthefunctionalgroup.

Allmembersinalkenehomologousseriesconform tothegeneralformulaCnH2n.

H H H H H

C=C H–C–C=C

H H H H
Ethene Propene
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C
2
H

4
C

3
H

6

NOMENCLATURE
Alkenesarenamedasderivationsofalkanesby removingthesuffix “ane”and
replacingitwith“ene”.E.g.

= EtheneCH
2

CH
2

CH= PropeneCH
3

CH
2

3-methylbuteneCH
3
CHCH=CH

2

CH
3

n-phenyletheneCH=CH
2

CH3

H3C–C=C–CH3

CH3 2,3-dimethylbut-2-ene

CycloHexene

CH3CH=CHCH3 but-2-ene

CH3CH2CH2CH=CH2 n–pentene

ISOMERISM
Alkenesexhibitfourtypesofisomerism i.e.
(i) Chainisomerism

Examples: C4H8

CH3CH2CH=CH2 n–but-1-ene

CH3C=CH2 2-methylprop-l-ene

CH3

(ii) Positionisomerism
Thesedifferbythepositionofthedoublebond.
E.g. C5H10.
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CH3CH2CH2CH=CH2 pent-l-ene

CH3CH=CHCH2CH3 pent-2-ene

(iii) Ringisomerism
Isomersdifferbytheshapeofthecarbonskeleton.Alkeneandclyclo-alkanes
areisomeric.
E.g. C4H8

CH3CH2CH=CH2 Butene

CH2–CH2

H2C–CH2 Cyclobutane

C5H10

CH3CH2CH2CH=CH2 Pentene

Cyclo-pentane

(iv) Geometricalisomerism
Compoundsdifferbythedifferentwaysinwhichtheatomsarearrangedby
thedoublebond.(restrictedrotationofadoublebond).

Example: But-2-ene.

H3C CH3

C = C Cisbut-2-ene

H H

H3C H

C = C Tansbut-2-ene

H CH3

Exercise:

WritealltheisomersofC4H8

1. CH3CH2CH=CH2n–but-l-ene

2. CH3–C=CH2 2-methylprop-l-ene
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CH3

3. CH3CH=CHCH3 but-2-ene

4. CH2 CH2

H2C CH2 Cyclobutane

5. H3C H

C=C

H CH3

6. H H

C=C

H3C CH3

1and2arechainisomers
3and4arepositionisomers
5isaringisomers
6isgeometricalisomers

METHODSOFPREPARATIONOFALKENES
Alkenesarepreparedfrom anumberofways:
(i) From Alkylhalides(Halogenoalkanes)

Whenhalogenoalkanesareheatedwithanalcoholicalkalinesolutionlike
NaOHorKOH,thisreactionisaneliminationreactionwhenbothH2 andthe
halogenareremovedfrom analkylhalidetoform analkeneasamajor
productandhydrogenhalideasaminorproduct.

Conditions:
Heat
Alcoholicalkali(NaOHorKOH)

E.g. CH3CH2Cl CH2=CH2+HCl
Alcoholic/KOH

heat
Chloroethane
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CH3CH2CH2Br CH3CH=CH2+HBr
OH/KOHC

2
H

5

Heat
Bromopropane Propene

Cl

+HCl
ϵtOH/NaOH

heat

Cyclohexene

CH3

CH3–CHCH2CH2CH2Br CH3CHCH2CH=CH2+HBr
ϵtŌ/ϵtOH

heat
CH3

(ii) Dehydrationofalcohols
Whenalcoholisheatedwithconc.H2SO4orH3PO4acidineitherliquidor
vapourphase,analkeneisformed.

Conditions:
Heatatappropriatetemperaturedependingonthetypeofalcohol(170–
180oC).

Concentratedacid

E.g. Liquidphase

CH3CH2OH CH2=CH2+H2O
Conc.H

2
SO

4

(175- C180)
o

Ethene

OH

+ H2O
Conc.H

3
PO

4

Heat
Cyclohexanol Cyclohexene

CH3CH–OH CH3CH=CH2+H2O
Conc.H

2
SO

4

(170- C180)
o

CH3

Propan-2-ol Propene
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CH2CH2CHCH3 CH3CH2CH=CH2+H2O
Conc.H

2
SO

4

(175-180 C)0

OH
Butanol butene

VAPOURPHASE:
Whenthevapourofanalcoholgeneratedbyheating,thealcoholispassedover
heatedAl2O3asacatalyst,analkeneisformed.

Aluminium
Oxide

Cottonwool
soakedin
alcohol

Potassium
Permanganate

Observation:
Thepurplesolutionofpotassium permanganateisdecolourised.

E.g.

CH3CH2OH(g) CH2=CH2+H2O.
Al

2
O

3

heat

OH

+ H2O
Al

2
O

3

heat

CH3 CH3

3-methylcyclohexanol 3-methylcyclohexene.
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Theabovereactionisalsoknownaseliminationreactionbecauseanalcohollosesa
watermoleculeanditformsanunsaturatedcompound.

(iii) DehydroHalogenationsofVicinalDihalides
Thisisareactionwherethereisremovalofbothhydrogenandhalogen
atomsfrom onemoleculetoform unsaturatedcompound.

A Vicinaldihalide isa compound with two halogen atomspositioned at
adjacentcarbonatoms.Thestructureisshownbelow.

X X

-C – C–

Vicinalisdifferentfrom aGem-dihalide.
AGem-dihalidehasgottwohalogenatomspositionedwithinthesamecarbon
atom.E.g.

X

-C–X Gem-dihalide

(a) Whenavicinaldihalideisheatedwithzincinpresenceofanalcohol,
analkeneisformed.E.g.

Cl

CH3CH=CHCH3 +Zn CH3CH=CHCH3+ZnCl2

OHCH
3
CH

2

heat

Cl
2,3-dichlorobutane

Cl

+Zn + ZnCl2.
OHCH

3
CH

2

heat

Cl

Br

CH3CH3CHCH3 CH3CH=CHCH3+ZnBr2
Zn/Ethanol

heat

Br

Note:Sodium metalcanalsobeusedtogivethesameproductsthatatoms
ofsodium arerequired.E.g.
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Cl

CH3CHCH2+2Na CH= + 2NaCl.
Ethanol

heat
CH

3
CH

2

Cl

(b) Usinggem dihalides
Higheralkenesareproducedbutwithanincreasednumberofcarbon
atomsandthisreactionisusefulinincreasingthecarbonlengthduring
organicsynthesis.

2CH3CHCHCl2+2Zn Ethanol CH3CH=CHCH3+2ZnCl2

2CH2Cl2+4Na Ethanol CH2=CH2+4NaCl

(iv) Partialreductionofalkynes
WhenAlkynesarereactedwithhydrogeninequi-molarratioinpresenceofa
heated catalystlike nickelat150oC orplatinum and palladium atroom
temperature,analkeneisformed.

CH≡CH CH2=CH2

Ni/H
2

C150
o

C≡CH CH=CH2

+ H2
pt

CH3–CHC≡ CH+H2 CH3CHCH=CH2
Ni

C150
o

CH3 CH3

CHEMICALREACTIONSOFALKENES
Alkenesare generally very reactive compared to alkanes.Thisisso because
alkeneshaveadoublebondconsistingofπelectronswhichcanbeeasilydonatedto
reactants(electrophiles).

Adoublebondinalkenesisalsoshorterandstronger;thatmeansitsreleaseshigh
energycomparedtoasinglebond.

Bond EnergyKJmol-1 Length(mm)
C–C 346 0.154
C=C 598 0.134
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Theabovemakealkenesreactivetoelectrophiles.

TYPESOFREACTIONS
(a) Additionreactions

Alkenesundergoadditionreactionswhereadoublebondisconvertedtoa
singlebond.
(i) Hydrogenation(Reduction)

Alkenesreactwith H2 in presenceofheatedcatalystofNickelat
150oC orplatinum and palladium ofatroom temperature to form
alkanes.Inthisreactionallthehydrogenatomsareaddedacrossa
doublebond.

CH2=CH2+H2 CH3CH3
Ni

C150
o

+ H2
pd

r.t.p

Cyclohexene Cyclohexane

CH3CH2CH=CH2+H2
Pt

CH3CH2CH2CH3

+2H2
Ni

150

Thisreaction formsthebasisofsynthesizing saturated compounds
from unsaturatede.g.formationofmargarinewhenunsaturatedfats
areheatedwithH2inpresenceofacatalysttoform afat(margarine).

DeterminationofstabilityofcompoundslikeCisandtrans-formsof
alkenes,benzeneandcyclo–1,3,6–triene.

CH3C=CCH3+H2(g) CH3CH2CH2CH3+heat(28.6KJ)
Ni

150

H H

H

CH3C=CCH3+H2(g) CH3CH2CH2CH3+heat(27.6KJ)
Ni

150

TheCisform isunstablecomparedtothetransform.
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+ 3H2(g) + heat

Mechanism:
CH2=CH2+ - Pt + + : PtHδ- Hδ- CH

3
+

CH
2

H
-

Carboncationion

CH3-
+

CH2 CH3CH3

:H
-

(ii) Halogenation
AlkenesreactwithhalogenslikeCl2,Br2,I2 inpresenceofanorganic
solventlikecarbontetra-chloridetoform adihalidecompound.

CH3CH=CH2+Cl2 CCl4 CH3CHCH2Cl

Cl
1,2-dichloropropane.

CH3 CH3

+ I2 CCl4 I
I

1,2-diiodo-2-methylcyclohexane.

CH=CH2 +Br2 CCl4 CHCH2Br

Br
1,2dibromo-2-phenylethane.

Mechanism:

CH3CH=CH2 CH3
+
CHCH2Cl+:Cl

-

-Clδ+ Clδ-

CH3
+

CHCH2Cl CH3CHCH2Cl

:Cl
-

Cl

CH3 CH3

- +Iδ+ Iδ-

I
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CH3 CH3

+ :I
-

I
I I

IfthesamereactionisdoneinthepresenceofH2O,thentheproduct
formed is an hydroxylhalogeno alkane.This is because the OH
generated from waterisa betternucleophile than the halogen in
additiontoitspresenceinexcess.

CH2=CH2 H2O/Br2 HOCH2CH2Br
2-bromoethanol

Mechanism

CH2 = CH2 -
+

CH2CH2Br+:Br
-

Brδ+ Brδ-

H
+

CH2–CH2Br O
+

- CH2CH2Br -H+ HOCH2CH2Br+H+

H
O

H H

H
+

+Br
-

HBr.

CH3 Cl2/H2O CH3 + HCl
OH
Cl

Mechanism:
CH3

- CH3Clδ+ Clδ-

+ :Cl
-

+
Cl

O
H H

CH3 CH3 CH3
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+ O
+

-H -H
+

OH

Cl H Cl
Cl

H
+

+Cl
-

HCl.

CH3CH=CH3 Br2/H2O CH3CH–CH2+HBr.

Mechanism:

CH3CH=CH2 CH3
+

CHCH2Br+Br
-

-Brδ+ Brδ-

CH3
+

CHCH2Br CH3CHCH2Br
-
H

+
CH3CHCH2Br+H

+

:OH2 O OH
H H

Alternatively:
H2O+Br2 HOBr+HBr

CH3CH = CH2 CH3
+CHCH2Br+ :ŌH

Br - OH

CH3
+
CHCH2Br CH3CHCH2Br

:OH OH

Reactionswithhalogenacids(HX)
Alkenesreactwithhalogenacidstoform alkylhalides.Thisreactionisanaddition
reactionthatcanproceedintotwowaysaccordingtotheconditionsofreaction.

(i) Electrophillicaddition
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Thisreactionoccursreadilyintheabsenceofaperoxidefollowinganionic
mechanism.

(ii) Freeradicalmechanism
Thisoccursinthepresenceofaperoxide.Inbothtypesofreaction,the
productsformedaredifferent.

CH2=CH2+HBr CH3CH2Br.
Bromoethane.

CH3CH=CH2+HBr CH3CHCH3

Br
2-bromo-propane(ionicmechanism)

CH3CH=CH2+HBr CH3CH2CH2Br.
peroxide

(ROOR)
1-bromopropane(freeradicalmechanism)

MARKWONIKOFFRULE
Markwonikoffrulepredictstheproductsformedwhenhalogenacidisreactedwith
unsymmetricalalkene.

Therulestatesthatadditionofanhalogenacidtounsymmetricalalkenegivesa
productwherethehydrogenisaddedtothecarbonatom withthelowernumberof
hydrogensandthehalogenatom isaddedtothehydrogenatom acrossadouble
bondtoacarbonatom withfewH2atoms.

Thisreactionisfollowedintheabsenceofaperoxide.E.g.
CH3OOCH3(peroxide)orROOR.

Inthepresenceofaperoxide,antiMakwonikoff’sruleappliedwherethehydrogen
from thehalogenacidisaddedtothecarbonatom acrossthedoublebondwiththe
highesthydrogenatom andthehalogengoestothecarbonatom withtheleast
hydrogens.

Examples:
1. CH3+HBr CH3
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Br
H

Cl
2. CH3C=CHCH3+HCl CH3CCH2CH3

CH3 CH3

3. CH3CH=CH2+HBr
ROOR

CH3CH2CH2Br

4. CH3 CH3

CH3–C=CH2+HCl
ROOR

CH3CHCH2Cl

MECHANISM (MARKWONIKOFFRULE)
Cl

CH3C=CHCH3+HCl CH3C–CH2CH3

CH3 CH3

CH3C=CHCH3 H - Cl
slow

CH3–C–CH2CH3+:Cl
-

CH3 CH3

:Cl
-

Cl

CH3+CCH2CH3 CH3C-CH2CH3

CH3 CH3

CH3 CH3

CH3C=CH2+HCl
ROOR

CH3CHCH2Cl
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MECHANISM (ANTIMARKWONIKOFF)

ROOR
heat

2RO

RO + H - Cl ROH + Cl

CH3 CH3

CH3C =CH2 +Cl CH3 C -CH2Cl

CH3 CH3

CH3CCH2Cl+ H - Cl CH3CHCH2Cl+ Cl

Thereactionsfollowamorestablecarbocationionsintheorderof
3 > 2 > 1.

REACTIONSOFALKENESWITHH2OINPRESENCEOFANACID(H2O/H+(aq)

MINERALACIDWATER
WhenanalkeneisheatedwithH2OinpresenceofH2SO4 acid,analcoholisformed.
Thisreactionisknownashydrationofalkenesandisusedinthepreparationof
alcohols.

Example:

1. CH3CH=CH2 CH3CHCH3

O/H
2

H
+

Warm

OH
Propane Propan-2-ol

2. OH
/ OH

2
SO

4
H

2

heat

Cyclohexene Cyclohexanol

3. CH3 OHCH3

CH3C = CCH3+H2O CH3–C –CHCH3
H

+

heat
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CH3 CH3

2-3-dimethylbut-2-ene 2,3-dimethylbutan-2-ol

4. CH3

O/H
2

H
+

heat
CH3 OH

2-methylcyclohexene methylcyclohexan-1-ol

Mechanism:

- H
+

+ ŌSO3HHδ- Oδ-SO
3

+ + H
OH

O
-

H
+

Warm
+ H

+

:OH2 H

H+ +Ō H .SO
3

H
2
SO

4

NOTE: Ifthereactionisdonebyfirstreactingthealkenewiththe
sulphuric acid,the intermediate formed is (Alkylhydrogen
sulphate).

OSO3H OH+ H2SO4.
OH

2

Heat

Ondilutingandwarming,theproductformedisthealcohol.

CH3CH=CH2 CH3CHCH3

O/ (aq)H
2

H
+

heat
OH

Propan-2-ol

Mechanism:

CH3CH=CH2 H+ CH3
+CHCH3
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CH3
+

CHCH3 CH3CHCH3 CH3CH CH3

-
H

+

Warm

:OH2 O OH
H + H

REACTIONSWITHMOLECULARO2.
AlkenesreactwithmolecularO2 inpresenceofaheatedsilvercatalysttoform
Expoxides.Hydrolysisofexpoxideswithwaterproducedd-ols.

CH3CH=CH2 + O2 CH3CH–CH2+ Ag2O
2AG

C250
o

O
Propaneexpoxide

CH3CH–CH3 O CH3 CH CH2 OHH
2

O OH
Propanes1,2-diol.

Thisreactioncanalsooccur,whenalkenesarereactedwithperoxoacids.E.g.
Benzeneperoxoacid.
CH3CH=CH2+C6H5 C–O–OH CH3CH–CH3+

O OExpoxides
O

C6H5–C-OH
Benzoicacid

CH3CHCH2OH H2O+

OH

REACTIONSWITHOZONE(O3)
Alkenesreactwithozonetoform ozonideshydrolysisofozonidesinthepresenceof;

NaPab H2O Na+ + Pab
-

ZincandH2Oproducescarbonylcompounds.
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O

CH3CH=CH2+O3 CH3 CH CH2

O O
Propaneozonide

O O O

CH3CH CH2 CH3 CH + HCH + ZnO
Zn/ OH

2

Heat

O O Ethanol Methanal

Theabovereactionisveryimportantintwomainways.
(i) Inorganicsynthesisofconvertinganalkenetoacarbonylcompoundsof

aldehydeandketone.

(ii) Itisimportantintheanalysisofthestructureoftheoriginalalkene.Ifone
productisformedafterthehydrolysisoftheozonide,thenthealkeneusedis
asymmetricalwherethedoublebondisatthecentre.Butiftwoproductsare
formed,thenthealkeneisunsymmetrical.

O
O

CH3CH=CHCH3+O3 CH3CH CHCH3 2CH3CH+ZnO.
Zn/ OH

2

heat

O–O
ethanol

CH3 CH3 O
CH3

CH3–C=CHCH3+O3 CH3–C CHCH3 2CH3CO
Zn/ OH

2

Heat
+ZnO

O O

CH3 O

CH3C=O + CH3CH
Propanone aldehyde
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(Ketone) (Ethanal)

CH3CH=CH2 CH3CH–CH2

:O O: O O

O O

HCHO+CH3CHO CH3CH–O–CH2
ZnO

OH
2

O O

OXIDATIONREACTIONOFALKENES
AlkenesundergooxidationreactionusingmildoxidizingagentslikeAlkaline
potassium permanganatetoform di-ols.

Duringthisreaction,observationmadeisthatthepurplesolutionmixture,
turnscolourless(purplesolutiondecolourised).

Thistestindicatesthepresenceofadoublebondwhichisconvertedtoa
saturatedcompound.

CH2=CH2 HO–CH2CH2OH
ŌH(aq)/MnŌ

4

heat
Ethene Ethane-1,2-diol

CH3CH=CH2 CH3CHCH2OH
KMn /ŌHO

4

heat

OH
Propane-1,2-diol

OH
ŌH(aq)/MnŌ

4

heat
OH

Cyclohexane-1,2-diol.

MECHANISM:

KMnO4 K
+

(aq)MnŌ4(aq)
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CH3CH=CH2 CH3–CH–CH2

O O: :ŌH O O

Mn Mn

O O O O

Inequilibrium
CH3CH–CH2 CH3–CH–CH2OH + MnO2-

4

OH O :OH OH

:Ō
Mn

O O

POLYMERISATION
Alkenesundergopolymerisationknownasadditionpolymerisationduetothe
presenceofadoublebond,enablingthemonomerunitstorepeatedlycombineto
form highmolecularmassproductsknownaspolymers.

Duringpolyermerisation,acatalystisrequiredinordertoinitiatetheformationof
freeradicals.

Catalystspopularlyusedinclude;
(i) Molecularoxygen/peroxide
(ii) Metalliccatalyst.

Example:
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1. nCH2=CH2 n
CatalystO

2

Heat(hightemp.)
Highpressure

( -CH
2

CH
2)

Ethene Polythene(Polymer)
(Monomer)

Cl

2. nCH3C=CH3 C -CH2

catalystO
2

Hightemp.
Highpressre

Cl CH3 n

3. ClCH=CH CH-CH2
Peroxide

Hightemp.
Highpressure

Xinylchloride Cl n

CH=CH2 H

4. n C-CH2
Peroxide

Heat,highpressure
n

Styrene Polystyrene

C-CH2

n

5. nCH3CH=CH–CH=CH2 CH–CH=CH–CH2
Catalyst

Heat
CH3

n
Penta-1,3-diene Rubber

6. CH3 CH3

CH3C=CH–CH3 C –CH
Catalyst

heat,pressure
CH3 CH3 n
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7. CH3

CH2=C–CH=CH2 CH-C=CH–CH2

CH3 n
2-methylButa-1,3-diene PolymethylButa-1,3-diene.

(Isoprene)

Mechanism:

ROOR
Heat

2RO

RO CH2 = CH2 RO–CH2- CH2

ROCH2CH CH2=CH2 ROCH2CH2CH2CH2

ROCH2CH2CH2CH2 CH2 = CH2 ROCH2CH2CH2CH2CH2CH2

Termination:

ROCH2CH2----CH2 CH2----CH2CH2OR

ROCH2CH2---CH2CH2---CH2CH2OR.

ALKYNES
Alkynesareunsaturatedhydrocarbonswhichcontainatriplebondinthecarbon
skeletonastheirfunctionalgroup.

TheyhaveageneralformulaCnH2n-2wheren≥ 2.

NOMENCLATUREANDISOMERISM OFALKYNES
Thenameofalkyneisformedbyreplacingtheendn,from thecorresponding“ane”
with“yne”asshownbelow.
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Alkyne IUPACname:
HC≡CH Ethyne
CH3C≡ CH Propyne
CH3C≡ CCH Butyne

C≡ CH
Phenylethyne.

HC≡CC≡CH Buta-1,3-diyne.

CH3

CH3CHC CH 3-methylbutyne

Alkynesshowchain,functionalandpositionisomerism.

PREPARATIONOFALKYNES
(a) Onlyethynecanbepreparedbythefollowingmethods:

(i) Partialcombustionofmethane,yieldsethyne.

2CH4+O2 HC≡CH+4H2O.

(ii) Heatingofmethaneinabsenceofairat1500oCalsoyieldsethyne.

CH4 1500oC C2H2

(iii) Hydrolysisofcalcium carbidealsoyieldsethyne.
CaC2+H2O Ca(OH)2+C2H2.

GENERALMETHODSFORPREPARATIONOFALKYNES

DIHALOGENATIONOFDIHALOGENATEDALKENES
ThisisdonebyusingalcoholicKOH.Itisaneliminationreactioninwhichtwo
molesofhalogenacids(HX)areloste.g.

CH3CH2CHCH2 CH3C≡ CH+KCl+H2O.
KOH/Alcohol

Heat

Cl

CH3 C CH3 CH3C≡ CH+KCl+H2O.
KOH/Alcohol

Heat
Cl
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Mechanism:
KOH K+ + ŌH.

CH3CH2OH+ŌH CH3CH2Ō +H2O.

Cl

CH3 C CH3 CH3C=CH CH3C≡CH

Cl Cl
H ŌCH2CH3 H ŌCH2CH3

TYPESOFALKYNES
Alkynesareclassifiedaccordingtothepositionofthetriplebond.
(i) Terminal
(ii) Symmetrical
(iii) Unsymmetrical

Examples:
CH3C≡ CH Terminal/unsymmetrical
CH3CH2C≡ CH Butyne

CH3C≡ CCH3 Symmetricalbutnotterminalbuta-2-yne.

CH3C≡ CCH2CH3 Unsymmetricalbutnonterminalpenta-2-yne.

CH3C≡CCH2C≡ CCH3 Hepta-2,5-diyne.

CH3 ≡ CC ≡ CH buta-1,3-diyne.

PREPARATIONOFALKYNES

FROM DIHALOGENOALKANES
When dihalogeno alkanesare heated with excessalkaliin the presence ofan
organicsolventlikeethanol,dehydrohalogenationoccursgivinganalkyne.

ClCH2CH2Cl HC≡ CH.
ExcessKOH

EtOH/heat

Convert
CH2CH2OH C≡ CH
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Phenylethynol Phenylethyne

CH2CH2OH CH=CH2

Cl2/CCl4

Conc.H
2
SO

4

C180
o

Cl Cl

C≡ CH CH
ExcessNaOH

EtOH/Heat
CH2

Mechanism:
Cl

CH3-CH-CH2Cl CH3C≡ CH
Excessalcholic

NaOH/Heat

NaOH+EtOH ⇌ EtŌNa+ +H2O
EtŌNa+ EtŌ:+Na+.

Cl Cl H

CH3 C - CH2 Cl CH3–C = C CH3C≡ CH

H H

EtŌ: EtŌ:

(ii) From CaO.
Thismethodisspecificallyforethyne.

CaO(s)+3C(s) CaC2+CO(g)
Heat

2 C000
o

CaC2(s)+2H2O(s) HC≡CH+Ca(OH)2

ConvertC(s) CH3CH2OH
+
CaO
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2000oC Heat (aq)/ OH
+

H
2

CaC2 CH2=CH2

2H2O LimitedH2

HC≡CH Ni/150oC

(iii) From alkane(CH≡ CH)
Partialoxidationofalkanes.
CH4+½ O2 HC≡CH+H2O

2CH4 CH≡CH+3H2

1500oC
Thermal

cracking

REACTIONSOFALKYNES
(i) Electrophilicaddition

Iswhereanelectronseekingspeciesisaddedacrossatriplebond.Alkynes
areveryreactivebecauseofthepresenceofπ electronsinatriplebond.
Thisreaction isessentially likethatofalkenes,however,2molesofthe
electrophilearerequiredtosaturateanalkyne.

(ii) Additionofhalogen(X2)
CH≡ CH+Cl2 CCl4 ClCH=CHCl

Cl2/CCl2

Cl2CH–CHCl2

Overall
CH≡ CH+2Cl2 CCl4 Cl2CHCHCl2

1,1,2,2tetrachloroethane.

Mechanism:
Cl

CH≡CH Cl- Cl HC = +CH+:Cl
-

Cl Cl

HC = CH H–C=CH
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+ Cl

:Cl
-

Cl Cl Cl

H C = CHCl-Cl H C–+CH +:Cl
-

Cl Cl

Cl Cl Cl Cl

HC–+CH HC - CH

Cl Cl Cl

:Cl
-

Br

CH3CCH+2Br2 CCl4 CH3 C CH Br

Br Br

(iii) Halogenacids(HX)
Alkynesreactwithhalolgenacidstogivedihalidesdependingonthestructure
ofanalkyne,thedihalidecaneitherbeagem orvicinalduetoMakwonikoff’s
rule.

CH≡ CH+2Br CH3CHBr2

Cl Gem dihalides

CH3C≡CH+2HCl CH3 CCH3

Cl

CH3C≡ CH+2HBr
ROOR

CH3CH2CHBr.

C≡ CH+2HBr Br
CCH3

Br

(iv) WithH2O.
AlkynesreactwithH2OinthepresenceofH2SO4 acidandHgSO4 with
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a temperature of about 60oC to form carbonyl compounds. A
symmetricalalkyneformsaketone.

CH3C≡CCH3+H2O O
/H

2
SO

4
HgSO

4

C60
o

CH3CCH2CH3

Butan-2-one

CH3C≡ CH+H2O CH3CH2CHO
/H

2
SO

4
HgSO

4

C,ROOR60
o

Propanal

(v) ReactionswithH2.
AlkynesjustlikealkenesreactwithH2 whenpassedoverasuitable
catalystlikeNi/150oC,pt/r.t.ptoform analkane.

CH≡CH+2H2 CH3CH3
Ni

C150
o

CH3C≡ CH+2H2 CH3CH2CH2
pt

r.t.p

(vi) Nitrileformation
WhenlittleNH3 ispassedoveranalkyneheateroveranAlcatalystat
573oC,anitrileisformed.

CH≡ CH+NH3 CH3CN+H2

Al
(s)

C573
o

Ethanonitrile
(vii) Polymerisation

Duetothepresenceofatriplebond,alkynespolymerisetoform cyclic
oraromaticcompounds.Thisoccurswhenanalkyneisheatedina
glasstubecontainingFecatalyst(4000oC).

3CH≡ CH
Fe

C4000
o

Whentwomoleculesofethynecombinebypassingthem througha
saturatedsolutionofcopper(I)chlorideinammonium chloride,vinyl
ethyneisformed.
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Vinylethyneisagoodstartingmaterialforlinearpolymers.

2CH≡CH CH2=CHC≡CH
CuCl

ClNH
4

Vinylethyne.

CH2=CHC≡CH + CH≡CH

CH2=CHCH=CHC≡CH

A terminalprotonofanalkynecanbesubstitutedbyotherelectropositivemetals.
Thisindicatesthat,suchalkynesareacidic.

NOTE: Onlyterminalalkynesbehavethisway.Nonterminaldonot.

CHCH+2Na LiquidNH3 ≡ Na
+

+H2.a
̅
C

+

N

̅
C

2CH3C≡CH+2Na LiquidNH3 2CH3C≡ +H2.
̅
C Na

+

WITHAMMONIACALCOPPER(I)CHLORIDESOLUTION
Similary,H2 inalkynescanbesubstitutedwhenitspassedinsolutionofCuClNH3

givingaredprecipitateofCu
+

alkynederivative.Thisreagentiscalledammoniacal
copper(I)chloridesolution,CuCl/NH3(aq).

HC≡ CH+CuCl CuC≡CCu+2HCl.NH
3(aq)

Redppt.
Copper(I)ethyne(orCopperacetylide)

WITHAMMONIACALSILVERNITRATESOLUTION.
WhenaterminalalkyneisbubbledthroughasolutionofammonialAgNO3,awhite
precipitateofsilverdicarbideisformed.

HC≡CH+2AgNO3+2NH3(aq) AgC≡ CAg(s)

Whiteppt+2NH4NO3.

DifferentiatebetweenCH3C≡ CHandCH3C≡CCH3

Reagent: Ammoniacalcopper(I)chloridesolution.
WithCH3C≡ CH : Noobservablechange.
WithCH3C≡ CCH3 : Aredprecipitateisobserved.
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Theabovereactionsareusedfordistinguishingbetweenterminalalkynesandnon
terminal

SYNTHESISOFHIGHERALKYNES
WhenanalkyneispassedthroughliquidNH3 inpresenceofNametalandthe
derivativeformedisreactedwithanalkylhalide,thechainisincreasedgivinga
higheralkyne.

HC≡CH+2Na LiquidNH3 ≡ Na
+

+2CH3Cla
̅
C

+

N

̅
C

CH3C≡CCH3+2NaCl

CH3CCH+Na CH3C≡NaNH
2

̅
C Na

+

CH3C≡ N + CH3CH2Cl CH3C≡ CCH2CH2+NaCl
̅
C a

+

Physicalpropertiesofalkynes
 TheyareinsolubleinH2O.
 Theyareverysolubleinorganicsolventslikebenzene,CCl4.
 TheyarelessdensethanH2O.
 Theirboilingpointsincreaseinnumberofcarbonatoms.E.g.Ethyneboilsat-

75,propane-43,butyneat91.
 They have gotalmostthe same boiling pointsasthose ofcorresponding

alkenes.
 Theyhavegotthesamevanderwaal’sforcesofattraction.

Convert CH≡ CH CH3

CH3 CH3

2CH≡CH+Na 2CH≡ +H2NaNH
2

Na
̅
C

+

CH≡ +CH3Cl CH≡ CCH3Na
̅
C

+

3CH3C≡CH CH3 CH3
Fe

C400
o
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CH3

AROMATICCOMPOUNDS(ARENES)

Theterm aromaticisderivedfrom theGreekworkAromatomeansweetsmell.
Thisterm hasbeencarriedforwardbymodernChemistsusedasaromatictomean
ordescribethestudyofcompoundswithbenzenering.

Benzeneisaparentcompoundofaromaticcompounds.

STRUCTUREANDBONDINGOFBENZENE
StructureandbondingofbenzenewasmadeclearbyanalysismadebyChemists.
Theyfoundoutthataclearcolourlesscompoundwasisolatedfrom distillationof
crudeoilandonanalysis,itwasfoundtocontain92.3% carbonand7.7% hydrogen
only.
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When0.250gofthisliquidwasvapourizedat100oC,theyfoundoutthattheliquid
occupies98cm3.Theresultsweresubjectedtoanalysis.

Element C H
Percentagecomposition 92.3 7.7

Relativeatoms
92.3

12

7.7

1

Moles 7.69 7.70

Moleratio
7.69

7.69

7.70

7.69

1 1

Empiricalformula = CH

Volumeofgasat100(373)K

=
24x373

293

= 30.04dm3

98cm3ofliquidcontain0.25gat100oC.

Massof1mol g(6.25x30040

98 )
= 76.6≏77g.

(CH)n=77
12n+n=77

n=
77

13
n=5.0≏6.

MolecularformulaisC6H6.

ThestructureproposedwasC6H6withallitsisomers.

In1865,Kekuleproposedthatthestructureofbenzenemoleculeisnotastraight
chainbutanhexagonalringconsistingofalternatingdoublebonds.

H H
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C C
H H OR H H

C C C C

C C H C C H
H H

C C

H H

Butanumberofevidencesprovedoutthattheabovestructure,proposedbyKekule
wasnottrue.Benzenedoesnothavetruedoublebondssinceitdoesnotundergo
additionreactionwithbromineindarkness.

EVIDENCEPUTTOEXPLAINBENZENESTRUCTURE.
(i) X-raystructuredeterminationtomeasurethelengthofcarbon-carbonbonds.

Compound Bond Length/nm
Cyclohexane C–C 0.154
Cyclohexene C=C 0.134
Benzene C C 0.140

Themeasurementsofthebondlengthshowedthat,thebondlengthofbenzeneare
betweensingleanddouble,thereforearenottruedoublebondsrulingoutKekule’s
structureofdoublebonds.
(ii) Thermodynamicmeasurements:

(a) Enthalpyofhydrogenation.

+ H2 ΔH =-119KJmol-1.
Ni

C150
o

Cyclohexene Cyclohexane

+ 3H2 ΔH=3(119)
Ni

C150
o

Cyclohex-1,3, Cyclohexane -357KJmol-1.
5-triene

+ 3H2 ΔH=-207KJmol-1.

Benzene
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Conclusion:
Thedoublebondsofbenzenearenottruedoublebonds.
Benzeneismorestablethancyclohex-1,3,5,trienebyanextra150KJmol-

1

(b) Enthalpyofformationofbenzene.
Thetheoretical/calculatedenthalpyofformationofbenzeneis252KJ
mol-1 butthepracticalvalueofthisenergyis82KJmol-1.Thismeans
benzeneismorestableby170KJmol-1ofenergy.

6C(s) + 3H2(g) C6H6(g) ΔH=82KJmol-1.

(c) Reactionsofbenzene
Benzenedoesnotundergoadditionreactionsbutundergoessubstitution
reactionsimplying itdoesnothavedoublebondsbutasystem of
delocalizedelectronsorthepie(πsystem).

DELOCALIZATIONOFBENZENESTRUCTURE
H

C Delocalizedelectron
H–C C–H

C C–H
H

C

H
Benzenestructurehasgotsixδcarbon–carbonbonds.

Ithasgot3-πcarbon–carbonbonds.

Theπbondsarenotlocalizedbuttheyaresharedbythesixcarbonatomsgivinga
πsystem ofelectronsandthisiscalleddelocalization.

STRUCTUREOFBENZENE.
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Or Or Or

I II III IV

BENZENE
Istheparentaromaticcompoundwithahexagonalringofcarbonatomshavingaπ
system ofelectrons.

FORMATIONOFBENZENE
(i) From dehydrogenationofcyclohexanewhenheatedwithPt/Pdorheated

withsulphur.CyclohexanelosesH2atomstoform benzene.

+ 3H2
Pt/Pd

heat

+3H2S
S

heat

(ii) Polymerisationofethyne
WhenethyneisheatedwithanorganoironorNickel,itundergoescyclisation
toform benzene.

3CH≡CH
Fe

heat

3CH≡ CH
Organo-Ni

heat

(iii) Decaboxylationofbenzoicacid
Whenbenzoicacidisheatedwithsodalime(amixtureof(NaOHandCaO).

COOH

+ Na2CO3.
Excesssodalime

heat(NaOH)
Twostepreaction

COOH+ NaOH Heat COONa + H2O.

COONa + NaOHHeat +Na2CO3.
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(iv) From benzenediazonium SaH.
When benzene diazonium salt is reacted with pypophosphorus acid in
presenceofwater,benzeneisformed.

Theformationofbenzenediazonium altcanbestartedfrom phenylamine
which isreacted with a mixture ofNaNO2 and HCl(HNO2 acid)ata
temperature<10.

NH2 ClN
+

2

NaN /Conc.HClO
2

< C10
o

Benzenediazonium salt.

NH2 ≡NCN
+

l
-

NaN /Conc.HClO
2

< C10
o

Benzenediazonimu
chloridesalt.

H2O H3PO2 C6H5N2Cl

Benzene.
(v) Catalyticreformationofpetroleum underheatofabout550oCinthepresence

ofCr2O3/Al2O3.

CH3(CH2)4CH3 + 4H2

Cr
2
O

3

55 C0
o

Hexane Benzene

(vi) From phenol
Whenphenolisheatedwithzincdust,benzeneisformed.

OH

+ Zn
heat

+ ZnO

Phenol

PROPERTIESOFBENZENE

PHYSICALPROPERTIES
 Itisacolourlessliquid.
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 Ithasgotax-ticsmell.
 Itisinsolublein waterbutdissolvesin organicsolventse.g.CCl4,methyl

benzene.
 Itburnswithahighlysootyflame.

CHEMICALPROPERTIES
Benzeneundergoeselectrophillicsubstitutionreactionwherethehydrogenatom on
theringisreplacedbyanotherelectrophille.Benzenethereforereactsmainlywith
electrophilles (Positively charged species)to form substituted products on the
benzenering.

(i) Nitrationreaction
Isareactionwherethenitronium ion+NO2,O = +N = O)substitutesthe
hydrogen in the benzene ring.The electrophille ofthe nitronium ion is
generatedfrom amixtureofConc.H2SO4 andConc.HNO3 acidheatedata
temp.of60oC.

NO2

+ H+Conc. /Conc.H
2
SO

4
HNO

3

heat/ C60
o

Nitrobenzene

Mechanism:

H2SO4+NO–NO2
Protonation

H2O+ =NO2+HSO
-

4

H2O+ NO2 H2O + O
2

+

N

NO2 NO2

O= O H + H+
=

+

N

OR: NO2 NO2.
+NO2 H

-
H+

(ii) Sulphonation:
ThisisareactionwherebenzenereactswithConc.OrfumingH2SO4 acidto
form benzenesulphuricacid.
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The electrophille in thisreaction isSO3 which isaneutralelectrophille
generatedfrom fumingsulphuricacid.

FumingH2SO4 SO3H

Mechanism:
2H2SO4 SO3+H3O+ + HSO

-

4

O

O O O S S +O
-

O
-

3
H

+

S
H

O Benzene Sulphonic
acid

SO3H

(iii) Halogenations
BenzenereactswithhalogenslikeCl2,Br2 onlyinthepresenceofhalogen
carrierwhichpolarizesthehalogenmoleculebyacceptingthelonepairof
electronssothattheeletrophilleisgenerated.

Intheabsenceofthehalogencarrier,benzenedoesnotreactwithhalogens.

Examplesofhalogencarriesusedare:
AlCl3 CH3COOH
FeCl3

BF3 Fe,Cl2/Heat

+ Cl2 AlCl3 Cl +HCl

+ Br2 FeBr3 Br+ HBr

I + HI
3 /FeI

2

Heat
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Mechanism:

+ Cl2 Cl
Fe

(s)

heat

Mechanism:

3Cl2(s) + 2Fe(s) heat 2FeCl3

- ---FeClδ+ Clδ- Cl
3

[FeCl
4
]

-
Cl

+

Cl
[Fe H + FeCl

+
Cl

4
]

-
Cl

-

4

Cl

+ H+

Fe + Fe + HClCl
-

4
H

+
Cl

3

AlkylationofBenzene
Thisisthereactionwhereanaromaticcompoundreactswithanalkylhalideinthe
presenceofahalogencarriertoform analkylaromaticcompound.
ThisreactionwasfirstidentifiedbyFriedelcraft.ItisalsocalledFriedelCraft
alkylation.

+ CH3Cl AlCl3 CH3 + HCl
Chloromethane

Methylbenzene(Toulene)

+ CH3CH2Br AlBr3 CH2CH3 + HBr.
Bromoethane Ethylbenzene

+ (CH3)3C-Cl FeCl3 C–(CH3)3 +HCl

Mechanism
CH3 CH3
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CH3 - C-Cl------- FeCl3 H3C–C+ (FeCl
4
)

-

CH3 CH3

CH3 C(CH3)3

+
C–CH3(Fe H +(FeCl

4
)

-
Cl

4
)

-

CH3

C–(CH3)3

+ H
+

.

+ FeCl3 + HCl.FeCl
-

4
H

+

+ CH3CH2CH2Br FeBr3 CH–(CH3)2 + HBr.

Mechanism:

CH3CH2CH2 Br…………FeBr3 CH3CH2
+CH2(FeBr4)

-

Re-arrangement.

CH3
+

CHCH3(FeBr4)
-

CH3 CH(CH3)2

+
CH(FeBr4)

-
H + FeBr

-

4

CH3

CH(CH3)2 + H
+

H
+

+FeB FeBr3 +HBr.r
-

4

+CH2=CH2 H
+

CH2CH3.

Benzenereactswithalkenesinpresenceofamineralacid.
Themineralacidisnecessarytoform anelctrophille.
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CH3 H3C–CH–CH3

+CH3CH=CH2 CH Or
PH

2
o

4(aq)

CH3

Mechanism:

CH3CH=CH2+H
+

CH3+CHCH3

+CH(CH3)2 CH–(CH3)2

1

+ CH3CH=CH3+HCl
AlCl

3

C95
o

Acylation
Isareactionofbenzenewithacidhalidesinthepresenceofhalogencarriersto
form aromaticketonesatatemperatureof50oC.

1. O

+ CH3COCl CCH3 + HCl
AlCl

3

C50
o

Ethanol/
Chloride Phenylethanone

O O

2. + CCl C +
AlCl

3

C50
o

HCl

Mechanism:
O O

CH3 - --Al C (AlCCδ+ Clδ- Cl
3

H
3
C

+
l
4
)

-

O O
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+
C (AlC C–CH3 +l

4
)

-
AlCl

-

4

CH3 H

COCH3 + H
+
.

+H
+

AlCl3 +HCl.AlCl
-

4

Hydrogenation:
BenzenereactwithhydrogeninpresenceofNicatalystwhenheatedat150oCto
form cyclohexane.

+ H2
Ni

C150
o

Halogeninpresenceoflight(uv).

Whenchlorineismixedwithbenzeneinthepresenceofsunlightoruvrays,the
benzeneringbecomeshighlysubstitutedwithchlorineatomstoform 1,2,3,4,5,6
hexachlorobenzene.

Cl

+ 3Cl2
UV

Cl Cl

Cl Cl
Cl

1,2,3,4,5,6–hexachloro
Cyclohexane.

Combustion
Benzeneburnsinairwithasootyflametoform CO2andH2O.

+ 6 + 3 .
1

2
O

2(g)
CO

2(g)
H

2
O

(l)
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DERIVATIVESOFBENZENE

CH3 NO2 SO3H

Methyl Nitro Benzene
Benzene Benzene Sulphuricacid

COOH Br

Benzoic Bromobenzene
acid

Cl
OH NH2

Chlorobenzene
(Phenol) (Phenylamine)

Derivativesofbenzenereactdifferentlydependingonthebehaviourofthegroupof
atom(s).thechemicalbehaviourofthesegroupsaredividedintothreegroups.
(i) Thegroupwhichsubstitutesthebenzeneringdirectinganyincominggroup

2(ortho)and4(para)positiondirectors.E.g.
(a) OH-group,ethoxidegroupOCH3,CH3-gp,NH2-nitrogroup,amides

O
gp-HN-CCH3.
These groups have got positive inductive effect by pushing the
electronstowardsthering,activatingthebenzeneringsothatthe
electronsareavailableatpositions2,4,and6wheretheincoming
electrophilleareadded.

Byactivatingthering,theyincreasetheelectrondensityonthering
sothattheelectrophillesareaddedfaster.

Usuallytwoproductsaregiven,i.e.position2andposition4products.

METHYLBENZENE
1. CH3 CH3 CH3

/Conc.HNO
3

H
2
SO

4

< C(Faster) 60
o

2nitromethyl
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Benzene NO2

4-nitromethyl
Benzene

HNO3+H2SO4 H2O
+

-NO2+HSO
-

4

H2 NO2 H2O +O± O
2

+

N

CH3 CH3 CH3

O
2

+

N

+H + +
H NO2

(transitionalstate)
H3C

NO2

2. NH2 NH2 NH2

NO2 +
/Conc.Conc.H

2
SO

4
HNO

3

Heat
2-nitro

NO24-nitro.

3. OCH3 OCH3 OCH3

NO2 +
Conc. /Conc.H

2
SO

4
HNO

3

Heat
2-nitro

NO24-nitro

Alkylationofmethylbenzene.
CH3 CH3 + CH3

+ CH3Cl CH3AlCl
3

CH3

(a) Halogationofmethylbenzene.
CH3 CH3 CH3

+ Cl2 Cl +
AlCl

3

C40
o
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Cl

(b) Halogenationofmethylbenzeneinpresenceofsunlight(UV).
CH3 CH2Cl

+ Limited UV + HCl
Cl2

Excess Phenylchloromethane
Uv Cl2

CCl3

+ 2HCl.

Thisreactionfollowsafreeradicalmechanism.

CHLOROBENZENE
Cl

Chlorobenzeneorotherhalogenobenzenecompoundscansubstitutetheringat
position2and4butatamuchslowerrate.Thisisbecausehalogenshavegota
negativeinductiveeffect(electronegative)andwithdrawalelectronsfrom thering
towards themselves so thatthe pie electrons on the ring can be availed to
electropillesatposition2or4wherethereisahighelectrondensity.

Cl Cl Cl

+ NO2 +
Conc. /Conc.H

2
SO

4
HNO

3

heat

NO2

Cl Cl Cl

+ CH3Cl CH3

AlCl
3

C40
o

CH3
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Groupsthatdirectfurthersubstitutionatposition3oftheringdosoatamuch
slowerrateincludingCOOH,NO2,CN,SO3H.

BENZOICACID
COOH

Meta(3)positiondirectors.

Carboxylicacidonbenzoicaciddirectstheincomingsubstituentsatposition3so
thatonemajorproductisformed.

(i) COOH COOH
Conc. /Conc.HNO

3
H

2
SO

4

Heat
NO2

3-nitrobenzoicacid.

(ii) COOH COOH
ClCH

3

/heatAlCl
3

CH3

(iii) Sulphonating
COOH COOH

fumingH
2
SO

4

SO3H

(iv) NO2 NO2

Conc.HN /Conc. SO
3

H
2

O
4

Heat
NO2

TheaboveareMeta(3)directorsbecausetheypullelectronsawayfrom thering
anddecreasingelectrondensityatposition2or4andtheonlyplacewherethe
electronsareavailableistheMetaposition.

DISTRIBUTEDCOMPOUNDS
Whentherearetwosubstituentsonthebenzenering,theorientationeffectofthese
twowillbedeterminedorpredictedbytheirreinforcingeffectsortheorderoftheir
superiority.Thefollowingorderisnormallyobserved.

- OR>NR2>Alkylgroup>halogen>Metadirectors.
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CH3 CH3

NO2

Conc. /Conc.HNO
3

H
2
SO

4

Heat

NO2 NO2

COOH COOH
Conc. /Conc.HNH

2
SO

4
O

3

heat
SO3H NO2 SO3H

CH3 CH3

NO2

Conc. /Conc.HNO
3

H
2
SO

4

Heat

Cl Cl

COOH COOH
Br Al Br +Cl

2
Cl

3

Cl

Cl Cl
+fumingH

2
SO

4

Cl HSO3 Cl

/Al +Cl
2

Cl
3

diphenyl Cl



89

ALKYLHALIDES
(Halogenoalkanes)

Alkylhalidesarecompoundsinwhichhalogenatomsaredirectlyattachedontothe
hydrocarbonchainoraromaticring.

R–XwhereR=AlkylorArylgroup.
X=Halogenatom (Cl,Br,I,F)

Whenthehalogenisattachedtothearomaticring,itiscalledaromatichalide.e.g.
Cl I Br.

Whenthehalogenisdirectlyattachedtothehydrocarbon,itiscalledalkylhalide/
halogenalkane.E.g.
CH3CH2Cl, CH3Br, CH3CHCH3

Chloroethane Bromomethane I 2-Iodopropane.

ALKYLORHALOGENOALKANES

Nomenclature:
Alkylhalidesarenamedasderivativesofcorrespondingalkanesyinsertingthe
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numberandtheprefix,chloro,Bromo,Iodi,Fluoro,tothealkanename.

Example:
CH3Cl Chloromethane
CH3CH2Br Bromoethane
CH3CHCH3 2-Iodopropane.

I

CH3Cl

CH3CH CHCH3 2-chloro-3-methylbutane.

CH3

CH3–C–Br 2-Bromo,2-methylpropane.

CH3

ISOMERISM
Alkylhalidesexhibittwotypesofisomerism.
(i) Chainisomerism
(ii) Positionalisomerism

CHAINISOMERISM:
Theseariseasaresultofdifferenceinthearrangementofcarbonatomsgiving
differentcarbonskeletonbutthepositionofthehalogenatom remainsthesame.
C4H9Br.

1. CH3CH2CH2CH2Br 1-Bromobutane.

2. CH3CHCH2Br 1-Boromo-2-methylpropane.

CH3

POSITIONALISOMERISM:
Theseariseasaresultofthedifferentpositionstakenbythehalogenatom onthe
samechain.E.g.
C4H9Br.

CH3CH2CH2CH2Br 1-Bromobutane

CH3CH2CHCH3 2-Brobom butane

Br
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METHODSOFPREPARATION:
Alkylhalidesarepreparedfrom thefollowing:
(i) From Alkenes:

Additionofanhalogenacidtoanalkeneatroom temperaturegivesanalkyl
halide.Whenunsymmetricalalkeneisused,additionofanhalogenacidgives
aproductpredictedbyMakwonikoff’srule.Butifaperoxideused,thenthe
productwillbethatofantiMakwonikoff’srule.

Br

1. CH3CH=CH2+HBr r.t.p CH3CHCH3

2. CH3CH=CH2+HBr CH3CH2CH2Br.
ROOR

Heat

3. CH=CH2 Cl
+HCl CHCH3

4. +HI I
Iodocyclohexane.

5. CH3 CH3

C=CH2 + HCl C–CH3

Cl

Mechanism:
CH3 CH3

C=CH2 -
slow

+C-CH3+Cl
-

Hδ+ Clδ-

CH3 CH3

+C–CH3 fast C–CH3

Cl
-

Cl

(ii) From Alkanes
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WhenalkanesarereactedwithahalogenmoleculeinpresenceofUVraysof
sunlight.Amixtureofalkylhalidesareformedbutifthereactionconditions
arecontrolledbyusingexcessalkaneorlimitedhalogenmolecule,thenthe
productformedwouldbeonetypeofalkyl halide.

Excess:

CH3CH2CH3+Cl2 CH3CH2CH2Cl+HCl.
U.V

Sunlight

limited

CH3 +Cl2 UV CH2Cl +HCl.

(iii) From Alcohols:
Alcoholsarethemostimportantsourceofpreparingalklyhalidesinreaction
wherehydroxylgroupsofalcoholarereplacedbyhalogenatomswhichcould
bederivedfrom: - halogenacids(HX).

 Phosphorustriorpentahalides(PX3/PX5)
 Thionychloride(SOCl2).

(a) Actionofhalogenacidonthealcohol:
When a halogen acid isheated with an alcoholin presence ofa
dehydratingagente.g. - ZnCl2(anhydrous)

- Conc.H2SO4.
- Al2O3(Dry)

Analkylhalideisformed.Sometimethehalogenacidisgenerated
“insitu.”

R–OH+HX R–X+H2O.

CH3CH2OH NaCl/Conc.H2SO4 CH3CH2–Cl+H2O.

anhydrous

CH3CHCH3+H+HCl ZnCl2 CH3CHCH3+H2O

OH
Cl

CH3 CH3

CH3–C–OH CH3–C–Cl+H2O
Conc.HCl

AnhydrousZnCl
2
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CH3 CH3

A solution ofanhydrousZnCl2 in Conc.HCl(Lucasreagent)isan
importantreagentfordistinguishingthethreeclassesofalcoholsi.e.-
Primary.
- Secondaryandtertiaryalcohols.

Thetertiaryalcoholgivesanimmediatecloudysolutionofanalkyl
halide.(0.5minutes).

Thesecondaryalcoholgivescloudysolutionbetween5and10minutes.
The primary alcoholdoes not give a cloudy solution at room
temperature.

(b) Actionofphosphoroushalides:
Whenalcoholsarerefluxedwithphosphoroushalidelikephosphorous
trichlorideorphosphorouspentachloride,thehalogenoalkanesor
alkylhalidesareformed.

R–OH+PCl5

refluxed
R–Cl+POCl3+HCl.

CH3CH2OH+PCl5

refluxed
CH3CH2Cl+POCl3+HCl

CH2OH CH2Cl+POCl3+HCl.
PCl

5

Refluxed

3CH3CH2OH+PCl3

reflux
3CH3CH2Cl+H3PO3.

(c) Actionofthionylchloride(SOCl2):
When alcoholsare refluxed in presence ofthionylchloride in the
presenceofanorganicbasepyridinetoneutralizethemixtureoftoxic
gases,analklylhalideisformed.

Thisisaveryconvenientwayofpreparingalkylhalides.

CH3CH2OH+SOCl2 CH3CH2Cl+SO2+HCl
pyridine

heat

CH2OH+SOCl2
pyridine

CH2Cl+SO2+HCl.
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REACTIONSOFALKYLHALIDES

CLASSESOFHALOGENOALKANES
(i) PrimaryAlkylhalidesRCH2CH2–X.

Herethehalogenatom isattachedtoacarboniswhichbondedtoonlyone
another.

(ii) Secondaryalklyhalide. R–CH–R2

X
Herethehalogenatom isattachedtoacarbonatom whichisbondedtotwo
othercarbonatoms.

(iii) Tertiaryalklyhalide: R1

R2–C–X

R3

Herethehalogenatom isattachedtoacarbonatom whichisbondedtothree
othercarbonatoms.

Thethreeclassesofalklyhalidesgivenabovereactdifferentlyduetothe
stabilityofthecarbocationionwhichisformedasanintermediateduringthe
reaction.Thestabilityisgovernedbytheorderthattertiary>secondary>
primary.

R1 R1 H

R2–C
+

H–C
+

R1–C–C

R3 R2 H
Tertiary Secondary Primary

PHYSICALPROPERTIES:



95

Loweralkylhalidesaregasesatroom temperature.

Themedium onesareliquidsandthehigheronesaresolids.

The boiling pointsofalkylhalideswith the same numberofcarbon atomsis
determinedbytheatomicsizeofthehalogenwhichlaterisasaresultoftheVan
deWaal’sforcesofattraction.

I
-

>Br->Cl
-

>F
-
.

CH3 CH3 CH3

H3C–C–I H3C–C–Br H3C–C–Cl

CH3 CH3 CH3

CHEMICALPROPERTIES:
HalogenatomsbeingmoreelectronegativethancarbonmeansthattheC–Xbond
ishighlypolarduetothepresenceofpartialinducedchargewherethehalogenis
partiallynegativeandcarbonispartiallypositive.

ThepolarityoftheC – X bondmakesalkylhalidestobeveryreactivetothe
nucleoptilethusnecleophillicsubstitution.

- -C- +-C
δ

+

X
δ

-

X
-

:Nu Nu

Thetypeofhalogenpresentalsodeterminesthereaction.

Theelectronegativitydifferencebetweenthehalogentogetherwiththebondlength
determinesoverallthereactivity.Downthegroupofthehalogensthereisdecrease
inelectronegativityandatthesametimeincreaseinthebondlength.

ThereactionbecomesfasterwithIodo-alkanesthanBromochlorofluoroalkanes
becauseoflowelectronegativityintheiodides.

NUCLEOPHILLICSUBSTITUTIONREACTIONS
(i) Reactionwithalkalis:

Alkalisreactwithalklyhalidestoform alcoholswhentheyarerefluxed.

CH3Cl+
Reflux

CH3OH+ (aq)H
(aq)

-

O
Cl

-
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CH3CHCH3+NaOH(aq)
Reflux

CH3CHCH3+NaI

I OH

CH3 CH3

H3C–C–Br H3C–C–OH+Br-
(aq)

H
(aq)

-

O

heat

CH3 CH3

CH2Br CH2OH+KBr.
KOH

(aq)

heat

Primaryalkylhalideswithaqueousalkali.
Primary alkylhalides follow nucleophillic substitution bimolecular (SN2)
mechanism.Isatype ofreaction where two moleculesinvolve the rate
determiningstep.

C-+:X–Alkylhalide
-hydroxidegroup

Nu

Mechanism:

Transitionstate fast

- slowCHδ+

3
Clδ- [HO….C …ClH

3 ]
HO-C + :H

3
Cl

-

:H
-

O

[HO-CH3…Cl]
B

Transition
State

P
ot

en
ti

al
E

n
er

gy
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A CH3OH+:Cl
-

∈
a

H+ Cl ProductC
̅
O CH

3

Reactants

Reactionprogress(path)

Thenucleophillewhichis H approachesthecarbonatom carryinghalogen
̅
O

from theoppositeside.

Thispartially formsanucleophillecarbon bondandatthesametime,a
carbonhalogenbondpartlybreaks.Thisleadstotheincreaseinpotential
energyfrom AtoB.

AtB,thereispartialhalogen bond broken and partialnucleophillebond
formed.Thisstateisknownasactivationcomplexortransitionstate.

Theenergylevelbetweenthereactantsandtheactivationcomplexiscalled
theactivationenergy.

Later,thepotentialenergy ofthesystem increaseswhen allthecarbon
halogenbondsarebrokenandthecarbonnucleophillebondsareformed.

Theenergyofthesystem finallydecreasesuntilpointCwheretheproductof
thealcoholisfinallyformed.ThistypeofreactioniscategorizedasSN2

reactions mechanism because there are two molecules involved atthe
activatedcomplex.

(ii) Secondaryalkylhalide
CH3CHCH3+NaOH(aq) Heat CH3CHCH3+NaCl

Cl OH

Mechanism:

H : OH
̅
O

CH3–C –CH3 CH3–CH–CH3+:CHδ+ l
-

Clδ-
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: + Na
+

(aq) NaCl.Cl
-

Themechanism followedbysecondaryalkylhalidesisalwaysbetweenSN1

andSN2.

(iii) Tertiaryalkylhalides
CH3 CH3

H3C–C–Br+ H(aq)
reflux

H3C–C–OH+ (aq)

̅
O Br

-

CH3 CH3

Tertiary alkylhalidesfollow SN1 mechanism.Here only the alkyl
halide molecule isinvolved in the activated complex and thusits
concentrationalonedeterminestheorderofreaction.

Mechanism:
CH3 CH3

H3C–C–Br C+Self

Ionisaion
H3C CH3+:Br

-

CH3

CH3 CH3

H :
̅
O

C+ Fast HO–C–CH3

CH3 CH3 CH3

REACTIONSWITHALKAOXIDES(Na,K)

Alkylhalidesreactwith sodium orpotassium alkaoxidestoform ethers
underheat.

CH3CH2Cl+CH3 Na
+ heat

CH3CH2OCH3+NaCl.
̅
O
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Ethoxymethane.

CH2Br + CH3CH2ONa CH2OCH2CH3+NaBr.

Bromophenylmethane Phenylmethoxyethane

Mechanism:

CH3CH2

slow
CH3CH2 (aq)+Na

+̅
ON

+

a

̅
O

CH3CH2O: -CHδ+

2
Brδ-

fast CH2OCH2CH3+Br
-
.

Na+
(aq) +Br

-
(aq) NaBr.

REACTIONSWITHSILVERSALTSOFCARBOXYLICACIDS

Alkylhalidesreactwith silversaltsofcarboxylicacidswhen refluxedtoform
esters.Thisreactionusesthealkanoateionasthenucleophille.

O

CH3CO Ag+ + CH3CH2Cl
Reflux

CH3COCH2CH3+AgCl
̅
O

EthylEthanoate

O O

C- Ag
+

+ CH2Br C–O–CH2

̅
O

heat

reflux
+AgBr

CH3 CH3 O

CH3–C–Cl + HCO Ag+ H3C–C–OCH+AgCl
̅
O

CH3 CH3

2,2dimethyl,ethylmethanoate.

Mechanism:
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CH3 CH3

CH3–C–Cl slow C
+

+ Cl
-

CH3 H3C CH3

O O

HC Ag
+

HC- +Ag
+
.

̅
O

̅
O

O CH3 CH3 O

H–C :
̅
O

C+ Fast H3C–C–OCH3

H3C CH3 CH3

Ag
+

(aq)+Cl-
(aq) AgCl(s).

REACTIONSWITHPOTASSIUM CYANIDE(KCN)

AlkylhalidesreactwithKCNinpresenceofanalcoholwhenrefluxedtoform alkyl
nitriles.

Condition(reflux)–alcoholpresent.

Nucleophile ≡Nor N.
̅
C

̅
C

Example:

CH3CH2CH2Cl+KCN CH3CH2CH2CN+KCl
heat

reflux
Propynitrile.

CH2Br+KCN
heat

CH2CN

Phenylmethylnitrile.

Mechanism:

KCN K
+

+ N.
̅
C
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N :
̅
C

- - CN+ :CHδ+

2
Brδ- CH

2
Br

-

K+
(aq)+ Br

-
(aq) KBr.

Note:
(i) The above reaction is important inorganic synthesis, more especially

increasingthecarbonlength(chain)byasinglecarbon.

(ii) Silvercyanidecanalsobeusedinsteadofpotassium cyanide.

ConvertCH3COOHtoCH3CH2COOH.

REACTIONSWITHSILVERNITRITE(AGNO2).

AlkyhalidesreactwithAgNO2whenrefluxedtoform amixtureofnitroalkanes
andalkylnitrite.Suchtypesofreactionsarenotimportantinsynthesissincethey
yieldamixtureofproducts.

CH3NO2Nitromethane

CH3Cl+AgNO2
heat

reflux
CH3O–N=OMethylnitrite.

Mechanism:

AgNO2 Ag+ + N 2.
̅
O

O=N- :
̅
O

C - O-N=O+Hδ+

3
Clδ- CH

3
Cl

-

Methylnitrite
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Ag+ +Cl
-

AgCl
-

(aq)

Or:

O= - :
̈
N

̅
O

C - N =O+Hδ+

3
Clδ- CH

3
O

2
Cl

-

Nitromethane

Ag+ + Cl- AgCl.

REACTIONSWITHAMMONIAANDAMINES

Alkylhalidesreactwithconc.NH3 toform amixtureofamineswhenheatedina
sealedtube.A mixtureofaminesareproducedbecauseaproductatonestage
becomeanucleophilleforthenextstage.Thenucleophilleisammoniaandthe
amines.

CH3CH2–I+NH3 CH3CH2NH2+HI
heatin

sealedtube
Ethylamine(Primary)

CH3CH2–I+CH3CH2NH2 CH3CH2NHCH2CH3+HI
heat

sealedtube
Diethylamine(Secondary)

CH2CH3

CH3CH2–I+CH3CH2NHCH2CH3 CH3CH2N–CH2CH3
heated

sealedtube
Triethylamine(Tertiary)

CH3CH2–I+(CH3CH2)3N (CH3 CH2
heat

sealedtube
)

-

4
+

N

Tetraethylamine
(Quaternaryamine)

ELIMINATIONREACTIONSOFALKYLHALIDES

Thesearereactionsthatwillresultintotheformationofunsaturatedcompound
witheliminationofawatermolecule.Alkylhalideswhenrefluxedorheatedwithan
alkali(KOH,NaOH)inthepresenceofanalcohol,theyfrom alkene.Thereaction
canalsobeeffectedbyusingastrongbasewhichisanalkaoxide.
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Strongbase(Alkaoxide)

Ethanoxide/ϵt
̅
O

Methoxide/met
̅
O

DEHYDROHALOGENTION

CH3CH2Cl CH2=CH2+HCl
NaOH

(aq)

ϵt
̅
O

CH3CHCH3 CH2=CHCH3+HBr.
/ϵtOH

̅
OH

(aq)

heat

Br

CH3 CH3

H3C–C–Cl CH2=C–CH3HCl
ϵt /met H

̅
O

̅
O

heat

CH3 2-methyl/prop-1-ene.

Cl

CHCH3 CH=CH2+HCl
ϵt NametOH

̅
O

heat

Phenylethene

Cl

CHCH2Cl C≡CH+2HCl
Excessϵt /ϵtOH

̅
OK

+

heat

Phenylethyne
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Mechanisms:
Eliminationbimolecular( ).ϵ

2

ϵt N + ϵt N + O
̅
O a

+ ̅
OH

(aq)

̅
O a

+
H

2

ϵt N ϵt :+ .
̅
O a

+ ̅
O Na

+

H3C–CHCH3 H2C=CHCH3+Br
-

+ϵtOH

H Br

ϵt : N + Br- NaBr.
̅
O a

+

ϵt ϵt + (aq).
̅
oK

+
(aq)

̅
O(aq) K

+

Cl Cl Cl

C CH3 ϵtOH C=CH2+Cl
-

H

ϵt :
̅
O

Cl

C=CH C≡CH2+Cl
-

H

ϵtO:

Cl
-

(aq)+K+ KCl

Eliminationuimolecular(ϵ1)
CH3 CH3

H3C–C–Cl C+ + :Cl
-Ionisation

show

Cl H3C CH3
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CH3 CH3

C+ metOH H3C–C=CH2+ϵtOH

H3C CH2

H

ϵt :
̅
O

Research: DiscusallthereactionsofchloroethanewithNaOH. (25mks)

Wurtzreaction:
When alkylhalidesarereactedwith Nametalin thepresenceofether,
alkanesareformed.Theproductwillhaveanincreasedcarbonatom by2i.e.
thecarbonnumberdoubles.

2R–X +2Na
dryether

R–R+2NaX.

Akane.

2CH3Cl+2Na
dryether

CH3CH3+2NaCl.

CH3 CH3CH3CH3

CH3CHCl Na/dryetherCH3CH CH CH3 + 2NaCl
CH3CH3

CH3CHCHCH3

CH2Br CH2–CH2 + 2NaBr.
2Na

dryether

DIHALIDESCOMPOUNDS

Therearecompoundsthathavegottwohalogenatomswithinthesamecarbon
chain.
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Therearetwotypesofdihalides;
(i) Vicinaldihalide

Thiscontainstwohalogenatomslocatedonanyadjacentcarbonatom i.e.
H2C–CH2

X X

Example:
CH2ClCH2Cl 1,2-dichloroethane.

Br

CH3CHCHCH3 2,3-dibromobutane.

Br

Cl

CHCH2Cl 1,2-dichlorophenylethane.

(ii) Gem dihalides
Thesecontainthetwohalogenatomslocatedonthesamecarbonatoms.i.e.

X

CH3–C–CH3

X
Example:

Cl

CH3C–CH3 2,2dichloropropane

Cl

CH3CHCl2 1,1-dichloroethane.

PREPARATIONOFDIHALIDES

Dihalidesarepreparedfrom thefollowingreactions:
(i) From Alkenes

WhenalkenesarereactedwithhalogensinpresenceofCCl4(organicbase)
atroom temperature,avicinaldihalideisformed.

CH2=CH2+Cl2 ClCH2CH2Cl.
CCl

4

R.T
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(ii) From alkynesandhalogenacids
Whenalkynesreactwithhalogenacids(excess),agem dihalideisformed.

Br

CH3C≡CH+2HBr heat CH3C–CH3

Br

HC≡CH + 2HCl H3C–CCl2.
ROOR

heat

(iii) From carbonylcompounds(AldehydesandKetones).
Whenacarbonylcompoundisreactedwithphosphorouspentaltrichloride,a
dihalideisformed.Usngaldehydes,willproduceagem dihalideandketones
alsoproducegem dihalide.

O

CH3 C -H + PCl5 CH3CHCl2+POCl3

O Cl

CH3C CH3 +PCl5 CH3–C–CH3 + POCl3

Cl

POLYHALIDES

Thesearehalogen compound with morethan twohalogen atomson thesame
carbonchain.

AROMATICHALIDES
Thesearecompoundswithoneormorehalogenatomsdirectlyattachedtothe
aromaticring.

X or Ar–X

Cl Cl Br

Cl Br Br
Chlorobenzene 1,3-dichlorobenzene 1,3,3-tribromobenzene.
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PREPARATION

Electrophicsubstitution

X
C / /heatH

x

3
Alx

3

/F/heatX
2

CH3 CH3 CH3

x +
/CH

x

3
Alx

3

heat

X

From benzenediazonium salt

CuCl/Conc.HCl Cl
Conc.

CuBr/HBr Br

KI I
NH2

NaNO
2

Conc.HCl<1 C0
o ≡Cl

+

N

HBr4 F
+N2Br

-

4

heat
Phenyl
Amine

PHYSICALPROPERTIESOFAROMATICS

Theyarecolourlessliquidsorsolidswithcharacteristicflame.

TheyareinsolubleinH2ObutsolubleinorganicsolventslikeCCl4.

NOTE:
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Theydonoteasilyundergonecleophillicsubstitutionunlikealkylhalide.

Distinguishbetween Cl and CH2Cl

Reagent:HotaqueousNaOHindilHNO3andAgNO3.

Observations: - Awhiteprecipitateformswith CH2Cl.
- Noobservablechangewith Cl.

ALCOHOLSANDPHENOLS:

Thesearecompoundsthatcontainhydroxylgroup.Thereforethefunctionalgroupis
hydroxylgroup.Thedifferencebetweenalcoholoralkanolsandphenolisthatthe
hydroxylgroupisdirectlyattachedtothearomaticringinphenols.

Alkanol Phenol
R–OH Ar–OH

OH

ALKANOLSORALCOHOLS

Alcoholsareorganiccompoundsderivedfrom hydrocarbonsbutwhereoneormore
hydrogensis/arereplacedbyhydroxylgroup.Thegeneralformulais
R–OHwhereRisanalkylgrouporsimplyrepresentedasCnH2n+1OH.Wheren
=simplenumber.

Theyarealsocalledalkanolssimplybecauseahydroxylgroupreplacesahydrogen.

TYPESOFALCOHOLS

Therearebasicallythreetypesofalcohols:
(i) Monohydricalcohol
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Thisisonethathasgotonehydroxylgroup.

(ii) Dihydricalcohol
Thisisonethathasgottwohydroxylgroups.

(iii) Polyhydricalcohol
Thesehavegotmorethantwohydroxylgroupse.g.
HO–CH2CHCH2OH

OH

NOMENCLATURE

AlcoholsarenamedasalkanolsaccordingtotheIUPAC.Thisisdonebyreplacing
thelast“e”inalkanenamewithsuffix“ol”(functionalgroupname).

Thepositionofthefunctionalgrouphastobeindicatedjustbeforethesuffix“ol.

Ifthestem namehasgotavowel,thenaconsonantlettermustbeaddedjust
beforethepositionofthefunctionalgroup.

E.g. CH3CH2OH Ethano-1-ol

CH3CHCH3 Propan-2-ol

OH

CH3

CH3 C CH2 CH3 2-methylbutan-2-ol.

OH

HO–CH2CH2OH Ethane-1,2–diol

HO–CH2CH(OH)CH2OH Propane–1,2,3–triol.

OH Cyclohexan-1-ol
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CH3

CH3C–OH 2-methylpropan-2-ol

CH3

OH
Cyclohexan-1,3-diol
Xyclohexane-1,3-diol

OH

CH2OH
Phenylmethan-1-ol.

NOTE: Lootatisomerism inalcohols.
Types–structural:
(i) Chain
(ii) Position

-Functional(alcoholandothersareisomeric).

CLASSESOFALCOHOLS

Monohydricalcoholsareclassifiedintothreeclasses.
(i) Primaryalcohol

Thishasonealkylgroupattachedtothecarbonatom carryingthe–OH
group.E.g. -C–OH

H

CH3CH2–OH

(ii) Secondaryalcohol
Thishasgottwoalkylgroupsattachedtothecarbonatom carryingtheOH
group.

H-C–OH

E.g: CH3CHCH3

OH

(iii) Tertiaryalcohol
Thishasthreealkylgroupsattachedtothecarbonatom carryingtheOH
group.
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-C–OH

E.g. CH3

CH3 -C–OH

CH3

METHODSOFPREPARATION

(i) From alkylhalide(SNreaction)
WhenalkylhalidesarerefluxedwithaqueousalkaliIKOH orNaOH)orwith
moistsilveroxide,alcoholsareformed.

Thisisahydrolysisreactionthatoccursbynucleophillicsubstitutionreaction.

CH3CH2Cl+NaOH(aq)

warm
CH3CH2OH+NaCl

I OH

CH3–C–CH3+ H(aq)
heat

CH3–C–CH3+I
-̅

O

CH3 CH3

Br + KOH(aq)
heat

OH + KBr.

Cl OH

CH3CHCH3+AgOH(aq) CH3CHCH3+AgCl.

(ii) From alkenes
When alkenesarereactedwith dilutemineralacidwaterandheated,an
alcoholisformed.TheyusuallyusedacidisH2SO4acid.

Ifthemixtureisnotheated,thenanalkylhydrogensulphateisformed.
OH

CH2=CHCH3 H–CH2CH2–CH3

/ OH
+

H
2

heat

CH2=CHCH3 H2SO4/H2O CH3CH2CH3
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HSO4

Mechanism:
- S HHδ+ Oδ- O

3

CH3CH = CH2 H+ CH3-
+
CHCH3.

CH3

+
CHCH3 CH3–CH–CH3

-
H

+
CH3CHCH3+H

+

H2 O+ OH
̈
O

H H

OR:

CH3CH=CH2 - S H CH3
+
CHCH3+ SO3HHδ+ Oδ- O

3

̅
O

CH3
+CHCH3 CH3CHCH3

OSO3H

: SO3H H2O/heat
̅
O

NOTE:
H2Oactsasanucleophilethatwillreactwiththealkylhydrogensulphatein
thelaststeptoform analcohol.i.e.

:OH2 H H
O+

CH3CHCH3 CH3–CHCH3

-
H

+
OH

OSO3H CH3CHCH3

When alkenesarereacted with H2O in presenceofAl2O3,an alcoholis
formed.E.g.

CH3CH=CH2+H2O OH
Al

2
O

3

heat
CH3CHCH3

+ H2O OH
Al

2
O

3

heat
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CH3 CH3

CH3C=CH2+H2O CH3C–CH3

Al
2
O

3

heat

OH

(iii) From carbonylcompounds(Aldehydesandketones)
Carbonylcompoundsarereducedinthepresenceofasuitablereducingagent
toalcohols.

Aldehydes
[H]

Primaryalcohols

Ketones
[H]

Secondaryalcohols

Reducingagentsnormallyused:
Hydrogeninpresenceofcatalyst,Ni/150,Pt/pd,r.t.p.
UsingLiAlH4(Lithium,Aluminium,Tetrahydride)inpresenceofdryether.
Sodium borontetrahydride(NaBH4)

E.g.
O

CH3CH2CH+H2 H3CH2CH2OH
Ni

15 C0
o

Propanal Propanol

O

CH3CCH3+H2 Ni/150oC CH3CHCH3

OH

O

CH3CH CH3CH2OH
LiAlH

4

dryether

CH3CCH2CH3 NaBH4 CH3CHCH2CH3

O OH
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CH3CH=CH2CH2OH
LiAlH

4

Dryether
O

CH3CH=CHCH

CH3CH2CH2CH2OH
/NiH

2

C150
o

(iv) Hydrolysisofesters
Esters are hydrolyzed in presence ofmineralacids or alkalis to form
correspondingalcoholsandcarboxylicacids.Thisreactionisnotveryuseful
forsynthesizingalcoholsbecauseofthemixtureofalcoholandacid.

O

CH3COOCH2CH3 CH3COOH+CH3CH2OH
(aq)H

+

heat

O

CH3OCCH3 CH3OH+CH3COOH
OH

(aq)

heat
Ethylethanoate

Mechanism:(lookforacid/basehydrolysisofesters).

(v) From primaryamines
TheyreactwithHNO2 acidwhichisgenerated“insitu”byreactingsodium
nitriteandconc.HCltoform alcohols.Thisreactionisonlyforprimary
aminesandnotsecondaryortertiary.

CH3NH CH3OH+N2+H2O
/HClNaNo

2

heat

CH2NH2 CH2OH+N2+H2O.
/HClNaNo

2

heat

(vi) From fermentationofcarbohydrates.
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PROPERTIESOFALCOHOLS

PHYSICALPROPERTIES
Lowermembersareliquids,highermembersaresolidsatr.t.pwithx-ticsmell.

ThelowermembersareverysolubleinH2O butthesolubilitydecreaseswiththe
molecularmass.

Alcoholshavegotrelativelyhigherboilingpointscomparedtosimilarhydrocarbons
ofapproximatelythesamemolecularmass.

Examples:
Molecularweight Boilingpoints

Ethane 30 -42
Methanol 32 46
Butane 58 -0.5
Propan-ol 60 98

Graph showingthevariation ofboilingpoints(oC)ofdifferentcompoundswith
molecularweight. A

300 B

C
200

D

100

0
A–CarboxylicacidsB

oi
lin

g
po

in
t
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B-Alcohols
-100 C-Amines

D–Alkanes

-200

Molecularweight
Note:
Theboilingpointsincreasegenerallywithincreaseinmolecularweight.
IncreaseinmolecularweightincreasestheVanDerWaal’sforcesofattraction.This
makesthecompoundstrongerhencehighboilingpoints.

Explanation:
The boiling points ofthe compounds above on the graph are determined by
hydrogenboding.

Carboxylicacidshavegotthehighestboilingpointsduetoextensivehydrogen
bondswhichmakesmoleculestodimeriseinaliquidhencedifficulttoseparate
them duringboilingsothattheyescapetovapour.

O HO CH3

C
C

H3 C OH O

Hydrogenbonding.

Alcohols’boiling pointis higher than thatofalkanes butlower than thatof
carboxylicacidbecauseofinterandintramolecularhydrogenbonding.Moleculeswill
interactinliquidsandaqueousphasesandhighboilingpoint.

CH3 Inter-hydrogenbond

H C C H O H

H H
H

Intra-hydrogen
Bond H–O–C–H

CH3
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Aminesboilatalowertemperaturethanalcoholsofthecorrespondingmolecular
weightbecausenitrogenislesselectronegativethanoxygensothehydrogenbonds
formed in amines are weaker than in alcohols thus amines boilata lower
temperature.

Alkaneshavetheleastboilingpointbecauseoftheabsenceofhydrogenwithonly
VanderWaal’sforcesofattractionwhichareweakerandeasilybrokenduring
boiling.

Insummary:
Thesolubility in waterandtheboilingpointsofalcoholsareduetohydrogen
bonding.

Questions:
1. Methylamine(mm =31)boilsat-6.3oCwhilemethanol(mm =32)boilsat

46oC.Explain.

2. 2-methylpropan-2-olboilsatalowertemperaturethanbutan-1-olyetthey
allhavethesamemolecularweight.

OH

CH3 C CH3 and CH3CH2CH2CH2OH

CH3

2methylpropan-2-olishighlybranchedgivingitasphericalshapewhich
decreasesonthesizeandweakenstheVanderWaal’sforcesofattraction
existingbetweenthemolecules.

Butan-1-olisastraightchainmoleculewhichgivesitanextendedstructure
resultinginrelativelystrongerVanderWaal’sforces.
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CHEMICALPROPERTIESOFALCOHOLS

Alcoholsconsistsofthreemajorbondsthatareinvolvedinachemicalreaction.
(i) Functionalgroup–OHgroup.

WheretheO–Hbondisinvolvedinthereaction.
(ii) Oxygen-carbonbondwhichishighlypolarized.
(iii) Alkylgroups–Rgroup.

REACTIONINVOLVINGCLEAVAGEOFTHEO–HBOND

Reactionswithelectropositivemetals:
Whenanalcoholisreactedwithametallikesodium orpotassium,analkaoxide
andH2gasareformed.

2R–OH+2Na(s) 2R– Na+ + H2

̅
O

CH3CH2OH+Na(s)

r.t.p
2CH3CH2 Na+ +H2(g)

̅
O

CH2–OH + 2K(s) CH2 Ka+ + H2(g)

̅
O

Observation:
Effervescenceofacolourlessgasthatburnswithapopsound.

Reactionswithmineralacids:
Whenanalcoholisreactedwithamineralacid,asaltisformed.

R–OH+HCl R- ClH
2

+

O

CH3CH2OH+HCl CH3CH2 ClH
2

+

O

From thetworeactionsabove,alcoholsareregardedasamphotericbecausethey
reactwithacidsandbasestoshowbothacidicandbasic.
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Esterification
Alcoholsreactwithcarboxylicacidsinpresenceofmineralacidstoform esters.
Thisreactionisknownasesterification.

O

CH3CH2OH+CH3CH2COOH CH3CH2COCH2CH3+H2O
H

+

heat
Ethylpropanoate

COOH+CH3CH2OH O
H

+

heat
COCH2CH3 +H2O

Ethylbenzoate.

Mechanism:
O: HO

+

C–O–H C–O- H
H+

H O-HO
+

C–OH C–O–H

CH3CH2–O–H

CH3CH2 H
̈
O

-
H

+

O H O:
C –CH2CH3 C–OHO

+

CH3CH2–O–H
-
H

+

O

C–OCH2CH3
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Alcoholsreactwithacidchloridestoform esters.
O O

CH3CH2OH+CH3CCl CHCOCH2CH3+HCl
Ethanol
Chloride

O

CH3OH+HCOCl HCOCH3+HCl

O O

OH + CH3CCl COCH3

Cyclohexaylethanoate.

Mechanism:

O :O
-

H O H

C- H–C– -CH3 HC– –CH3Clδ- O
+

O
+

H δ+
Cl

CH3 H
-
H+

̈
O

O

HC–O–CH3

Alcoholsreactwithacidanhydridestoform esters.
O O O

O

R1–C–O–C–R2 + R3–OH R1–C–OR3+R2–C–OHH
+

O O O

CH3C–OCH3+CH3OH H+ CH3C–OCH3+CH3COOH
Ethanoicacid Methylethanoate
anhydride
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Alkylationofalcohols
Alcoholsreactwith dialkylsulphatestoform ethersandalky derivatives.This
reactioninvolvesreplacementofhydrogeninthealcoholwithalkylgroup.

R–OH+R2SO4 R–O–R+RHSO4

CH3CH2OH+(CH3)2SO4 CH3CH2OCH3 + CH3HSO4

Dimethyl Ethoxymethane Methylhydrogen
Sulphate sulphate

CH2OH+(CH3CH2)2SO4 CH2OCH2CH3+CH3CH2HSO4

REACTIONSINVOLVINGCLEAVAGEOFACARBONOXYGENBOND

Inthesereactions,weareremovingbothoxygenandhydrogenatomsfrom the
alcohol.

Reactionswithhalogenacids(Hx)
Alcoholsreactwithhalogenacidstoform alkylhalides.

CH3OH+HCl CH3Cl+H2O.

CH3CH2OH+HI CH3CH2I+H2O.

CH2OH+HBr CH2Br + H2O.

CH3–CH–OH+HCl CH3CH–Cl+H2O

CH3 CH3

CH3 CH3

CH3–C–OH+HCl CH3–C–Cl+H2O

CH3 CH3



123

Mechanism:
Primary and secondary alcohols follow SN2 mechanism because ofthe fairly
unstablecarboncationion,whilethetertiaryalcoholsfollow SN1 becauseofthe
stabilityofthecarboncationionformed.

SN2:

CH3CH2 H + - slow CH3CH2 H2+Cl
-̈

O Hδ+ Clδ- O
+

CH3CH2-
fast

CH3CH2–Cl+H2OH
2

+

O

:Cl
-

SN1:
CH3 CH3

CH3– C–OH C+ + H(aq)

̅
O

CH3 H3C CH3

H–Cl H+ +Cl
-

CH3 CH3

:Cl
-

C+ CH3–C–Cl

CH3 CH3 CH3

H+ + H H2O.
̅
O

PRACTICALIMPORTANCEOFTHEREACTION
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Thepracticalimportanceoftheabovereactionistodistinguishbetweenthethree
classesofalcohol.

Reagent: Anhydrouszincchlorideinconcentratedhydrochloricacid.

Observation:
- Animmediatecloudysolutionatroom temperatureformswithatertiaryalcohol.
- Within 5 minutesatroom temperature,acloudy solution isformed with a

secondaryalcohol.
- Nocloudysolutionformsatroom temperaturewithprimaryalcohol.

Equations:

Anhydrous Cl
CH3CHCH3 + HCl ZnCl2 CH3CHCH3+H2O

Conc.
OH

CH3 CH3

H3C–C–OH + HCl(l) ZnCl2(s) H3C–C–Cl+H2O
Conc.

CH3 CH3

REACTIONSWITHPHOSPHORUSHALIDES

AlcoholsreactwithPX5andPX3toform alkyhalideswhereXisahalogen.

3CH3CH2OH+PCl3 3CH3CH2Cl+H3PO3

CH3CH2OH+PCl5 CH3CH2Cl+ HCl+POCl3

Others: PI3/PI5

PBr3/PBr5.

NOTE:
EvolutionofHClorfumingwhenPCl5 isaddedtoacompoundsuggeststhepresence
ofOHgroupinthatcompound.

REACTIONWITHTHINLYCHLORINE

AlcoholsreactwithSOCl2 orSOBr2 toform alkylhalides.Anorganicbaselike
pyridinemustbeincludedtoneutralizetoxicandpoisonousgasesliberated.
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CH3CH2OH+SOCl2
pryridine

CH3CH2Cl+SO2+HCl.

CH2OH + SOBr2 CH2Br+SO2+HBr.

Mechanism:

REACTIONWITHH2SO4ACID

AlcoholsreactwithH2SO4 givingdifferentproductsdependingontheconditionsof
reaction.

Conditions:
A. (i) Conc.H2SO4Productsgotaresubstitutedproducts.

(ii) Excessalcohol
(iii) Lowtemperatures.

Substitutedproducts.
Alkyhydrogensulphate–0oC.
Ether–warm (140oC)

B. (i) Conc.H2SO4.
(ii) Hightemperatures(heat)- Eliminationproduct.
(iii) Limitedalcohol.

Example:

CH3CH2OH CH3CH2HSO4+H2O.
Conc.H

2
SO

4

C0
o

CH2OH CH2HSO4 + H2O.
Conc.H

2
SO

4

C0
o

Phenylmethyl
Hydrogensulphate.

Mechanism:

CH3CH2 H
̈
O

- CH3CH2 + HHδ+ HSO
3

δ-

O
H

2

+

O

̅
OSO

3
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CH3CH2- O CH3
+CH2+H2O.H

2

+

O
-H

2

CH3+CH2 CH3CH2HSO4

:OSO3H.

Excess

2CH3CH2OH CH3CH2OCH2CH3+H2O
Conc.H

2
SO

4

C140
o

Diethylethers

2CH3OH CH3OCH3 + H2O.
Conc.H

2
SO

4

C140
o

Mechanism:

CH3CH2 H
̈
O

- CH3CH2 O CH3+CH2Hδ+ HSO
3

δ-

O
H

2

+

O
-H

2

[CH3CH2OH]>> [ ]thereforeCH3CH2OHisabetternucleophile.
̅
OSO

3

CH3CH2 H +CH3CH2 CH3CH2–O–CH2CH3

̈
O

-
H+

CH3CH2OCH2CH3

Alcoholsaredehydratedwhenheatedwithconc.H2SO4 andH3PO4 acidtoform
alkenesinaliquidphaseorwhenthealcoholispassedoverheatedAl2O3 at300oin
avapourphase.

Watermolecule iseliminated and therefore thistype ofreaction isknown as
eliminationordehydration.

Thereactivityintheliquidphaseisdeterminedbythetypeofcarboncationion
formed.

Eliminationreactionsoccurunderthefollowingconditions:
(i) Heat: [170–185oC] Primaryalcohol
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[150–180oC] Secondaryalcohol
[90–150oC] Tertiaryalcohol.

(ii) Conc.H2SO4: [>60%].

Example:

CH3CH2CH2OH CH3CH=CH2+H2O
Conc.H

2
SO

4

175- C185
o

CH3CHCH3 CH3CH=CH2+H2O
Conc.H

3
PO

4

heat

OH

CH3 CH3

H3C–C–OH H3CC=CH2+H2O
Conc.H

2
SO

4

C150
o

CH3

CH2CH2OHConc.H3PO4 CH2=CH2+H2O.

CH3CH2CH2CH2OH CH3CH=CHCH3+H2O.
Conc.H

2
SO

4

17 - C5
o

185
o

CH3CH2CH2CH3 CH3CH=CHCH3+H2O.
Conc.H

2
SO

4

175

OH

Mechanism:
1. Protonationofalcohol
2. LossofH2Otoform carbocationion.
3. Re-arrangementofthecarbocationtoamorestableform.
4. Lossoftheprotontoform alkene.

CH3 CH3
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H3C–C- H + - H C-C- + H
̈
O Hδ+ Oδ-SO

3
H

3
O

+
H

2

̅
OSO

3

CH3 CH3

CH3 CH3

H3C–C–OH3 -H2O C + H2O

CH3 H3C CH3

CH3 CH3

H3C–C
CH2 CH3C=CH2+H2SO4.

H

SHO
3

̈
O

CH3CH2CH2CHOH CH3CH=CHCH3+H2O
Conc.H

2
SO

4

175-18 C5
o

CH3CH2CH2CH2 H H
+

CH3CH2CH2CH2

̈
O H

2

+

O

CH3CH2CH2C
-
H2O CH3CH2CH2

+
CH2+H2OH

-

2
H

2

+

O

[Unstable(Io1)]

CH3CH2CH
+
CH2 CH3CH2

+
CHCH3

[Stable(IIo)]
H

CH3CH
+
CHCH3 CH3CH=CHCH3+H2SO4.

H

HO3S :
̅
O

DEHYDRATIONINVAPOURPHASE
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WhenanalcoholisheatedanditsvapourispassedoverheatedAl2O3 at300o,an
alkeneisformedwhichisdetectedbyturningbrominewatercolourless.

Silca
Aluminium oxide

Heat(300oC)

Heat Brominewater
Cottonwool Brown-colourless
Soakedinalcohol

CH3CH2OH CH2=CH2+H2O.
Al

2
O

3

Heat( C)300
o

CH2CH2OH CH=CH2 + H2O.
Al

2
O

3

Heat

N.B: Eliminationreactionsinalcoholscompetewithsubstitutionreactions.The
differenceisduetotheconditionsprovided.

Heat

Conc.H2SO4(180o)
CH2=CH2+H2O

CH3CH2OH

CH3CH2OCH2CH3+H2O
Conc.H

2
SO

4

Excessalcoho(14 )0
o

OXIDATIONREACTIONS
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Primaryalcohol
[O]

Aldehyde
[O]

Carboxylicacid.

Secondaryalcohol
[O]

Ketones
[O]

Noproduct

Tertiaryalcohols
[O]

Noproduct.

Oxidationofalcoholsiseffectedbyoxidizingagentssuchas:
(i) AcidifiedK2Cr2O7/H+

(aq)

(ii) AcidifiedNa2Cr2O7/H+
(aq)/Cr2O2-

7
(aq)

(iii) Chromicacid,CrO3.

Acidificationisdonebyuseofsulphuricacid.

CH3CH2OH+Na2Cr2O7+H2SO4 heat CH3CHO+Na2SO4+Cr2(SO4)3+H2O

3CH3CH2OH+Na2Cr2O7+4H2SO4
heat

3CH3CHO+Na2SO4+Cr2(SO4)3+7H2O
Orangesolution Greensolution
(Cr2 ) (Cr3+)O2-

7

Duringtheprocess,thesolutionmixtureturnsfrom orangetogreenindicatingthe
conversionofthedichromatetochromium(III)ion.

Excessoxidizingagent.

CH3CHO+Na2Cr2O7(aq)+H2SO4(aq) CH3COOH+Na2SO4(aq)+Cr2(SO4)3+H2O(l)

Simply:

CH3CHCH3 CH3CCH3

(aq)/ (aq)H
+

Cr
2
O2-

7

heat

OH

CH3OH HCOOH
Excess (aq)/ (aq)H

+
Cr

2
O2-

7

heat
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CHO COOH
/H

+
Cr

2
O2-

7

heat

IODOFORM/HALOFORM TEST
Thistestisusuallyperformedtoconfirm forthepresenceofcompoundsthathave
gotamethylgroup.

Example:
OH

Methylalcohol H3C–CH

H
Methylatdehydes H3C–C

O

Methylketones H3C–C–

O
Productformed CHI3 - Triiodomethane(Yellowppt)

Thistestconfirms/differentiatesmethyl/alcoholsfrom therest.Methyalcohols
form triiodomethanewhenoxidizedwhichisobservedasayellow ppt,whilethe
restofthealcoholsnoobservablechange.

Reagent: HotNaOHinIodinesolution.

Question: Giveareagentthatcanbeusedtodistinguishbetweenpairsofthe
compoundsbelow andstatewhatisobservedineachcase.Writethe
equationforthereaction(s)thattakeplace.

(a) CH3CH2OH and CH3CH2CH2OH

(b) OH OH

CHCH3 and CHCH2CH3

(c) O O

C–CH3 and CCH2CH3

Solutions:



132

(a) Hotsodium hydroxidesolution.
WithCH3CH2OH -Ayellowprecipitateisobserved.
WithCH3CH2CH2OH -Noobservablechange.

(b) Reagent: Hotsodium hydroxideiniodinesolution.
With OH - Ayellowprecipitateisobserved.

CHCH3

With OH -Noobservablechange.

CHCH2CH3

(c) Reagent: Hotsodium hydroxideiniodinesolution.
With OH - Ayellowprecipitateisobserved.

CHCH3

With OH -Noobservablechange.

CHCH2CH3

Equations:

CH3CH2OH+4I2(aq)+6NaOH(aq) heat CHI3+5NaI(aq)+HCO Na
+

+5H2O.
̅
O

OH

CHCH3+4I2(aq)+6NaOH(aq)
heat

CHI3(s)+5NaI(aq)+ CO Na+ +5H2O.
̅
O

OH

CHCH3+3I2(aq)+4NaOH(aq)
heat

CHI3(s)+ CO Na+ +3H2O(l)+3NaI.
̅
O

Rule:Alcohols;4I2;6NaOH
Aldehydes/ketones,3I2;4NaOH.

Example:
O
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CH3CCH2CH3+3I2(aq)+4NaOH(aq) CHI3(s)+CH3CH2CO Na+ +3NaI+3H2O.
̅
O

AROMATICALCOHOLS
Thesearearomaticcompoundswithhydroxylgroups.Theyaredividedintotwo:
Aromaticalcoholsandphenols.

(i) AromaticAlcohols:
Thesecontainanaromaticringandthenthehydroxylgroupwhichisnot
directlyattachedtoaringbutattachedviathechainonthering.

CH2OH CH2CH2OH

2-phenylmethanol 2-phenylethanol.

CH3

C–OH

CH3

2-phenylpropan-2-ol

(ii) Phenols:
ThesecontainanaromaticringwithoneormoreOHgroupdirectlyattached
tothering.

OH OH OH

OH
Phenol Diphenol

CH3

3-methylphenol.

OH

HO OH

PHENOLS

IsaclassofcompoundsnamedasphenolsandoneormoreOHgroupsaredirectly
attachedtothering.
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METHODSOFPREPARATION
1. Benzenesulphonicacid

SO3H
FumingH2SO4 NaOH S Na+ +O

-

3

H2O.

S Na+ +HCl(aq) Na+O
-

3

̅
O

Na+ HCl(aq) OH +NaCl.
̅
O

2. Cumeneprocess
CH3

+CH3CH=CH2 H+ C–H

CH3

2-phenypropane.

CH3 CH3

C–H O2 C–O–O–H
O

CH3 CH3 dilH+/H2O OH+CH3CCH3

3. Aromatichalides
Incumeneprocess,Benzeneisreactedwithpropeneinpresenceofanacid
orhalogencarrierlikeAlCl3toform twophenylpropane.

Molecular O2 is blown into this product and the intermediate is acid
hydrolysedtogiveaphenol.

Whenanaromatichalideistreatedwithalkaliatextremelyharshconditions
like300oC,200atm ofpressureandcopper,aphenolisformed.

ThissubsequentlystrengthenstheC–Obondbydevelopingapartialdouble
bondbetweenCandCandatthesametimeweakeningtheO–H bondby
decreasingtheelectrondensityandreleasesaprotoneasily.Thisdoesnot
occurinaliphaticaromaticalcoholsasordinaryalcohols.
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Subsequently,phenolsbeingslightlyacidic,underthefollowing:
(i) VerysolubleinNaOHorKOH

OH + NaOH Na+ + H2O
̅
O

(ii) PhenolsreactwithveryreactivemetalslikeNatoform saltandH2.

OH Na+
̅
O

2 + 2Na(s) 2 + H2(g)

Acidpropertiesofphenolscanbeimprovedby;
Addingelectronswitha…………whichde-activethering.Suchgroupsincludethe
Nitrogroups.2,4,6-trinitrophenolismoreacidicthanphenol.ItliberatesCO2from
saturatedNaHCO3.

OH Na+
̅
O

O2N NO2 O2N NO2

NaHCO3 + +CO2+H2O

NO2 NO2

Carboxylicacidsaremoreacidicthanphenols.[Givethereactionsthatdistinguish
acidiccharacterofphenolsandcarboxylicacids.

COMPLEXFORMATIONWITHNEUTRALFECL3.

Phenolsform acomplexwithaqueousneutralFeCl3 andthecolourofthecomplex
productisvioletcolouration(purple).Thisreactionisimportantinconfirmingthe
presenceofaphenolicgroupanditisalsousefulindistinguishingbetweenphenol
andaromaticalcohols.

Question: DistinguishbetweenHCOOHandCH3COOH.
(WeusetheIodoform test).

OR:
Usingneutral(ironIII)chloride)solution.
ApurplecolourationwithHCOOH.
NoobservablechangewithCH3COOH.
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REACTIONWITHZICNDUST:
PhenolwhenheatedwithZincdustformsbenzene.

OH
+ Zn heat + ZnO.

ALCOHOLREACTIONSOFPHENOLSRESEMBLING
ThisinvolvescleavageofC-Obond.

Phenolsundergo some reactionsresembling alcoholwhere the C – O bond is
involved.

Esterification:
Phenolsreactwithcarboxylicacids,halidesandacidanhydridestoform anester.

Carboxylicacids:

OH O
+ H3CCOOH H+ OCCH3+H2O.

Acidhalides:
OH O O

+ C–Cl H+ O–C

Acidanhydride:
O O OH O

CH3 C–OC–CH3 + H+ OCCH3 + CH3COOH

Etherformation:
Phenolsreactwithalkaoxidestoform ethers.

OH + CH3CH2 Na+ OCH2CH3+ NaOH
̅
O
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Phosphorouspentahalides:
PhenolsreactwithPCl5liberatingHClgaswhichfumesinair.

OH + PCl5 Cl+POCl3+HCl

ReactionswithliquidNH3.

REACTIONSOFTHERINGINPHENOL
DuetothepresenceoftheOH groupinphenol,phenolundergoesanumberof
reactionswheredelocalizedelectronsontheringareinvolved.

Nitration:
Phenolreactswithconc.H2SO4 andconc.HNO3 acidstoform 2-nitrophenoland4
-nitrophenol.

OH OH OH
Conc.HNO3/conc.H2SO4 NO2 +

NO2

Alkylation:
Phenolreactswithalkylhalidesinpresenceofahalogencarriertoform alkylated
productphenol.

OH OH OH
+ CH3Cl AlCl3 CH3 + + HCl

CH3

Acylation O
C

OH O OH
CH3C–Cl COCH3 + AlCl3

AlCl3 COCH3

BromineH2O.
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Whenreactedwithbromine,H2Ophenolformsasubstitutedpolyproductof2,4,6
tribromophenolwhichisawhiteprecipitate.

ThepresenceofOH makesphenoltobevery reactive.Thisreaction isvery
importantinconfirmingthepresenceofphenoltogetherwiththeneutraliron(III)
chloridetest.

OH OH
Br Br

+ 3Br2(aq) + 3HBr

Br
Whiteppt.

OH Br
Convert to

Br Br

OH OH

Br Br
Zn

(s)

HeatBr
+ Br2(aq)

Br
Br Br

HydrogeninpresenceofheatedNicatalyst.
Phenolcan be hydrogenated into cyclo hexanolwhen reacted with H2 in the
presenceofaheatedcatalyst.

OH OH
/Ni3H

2

heat(20 )0
o
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POLYHYDRICALCOHOLS

ThesearealcoholswithmorethanoneOHgroupattachedtothesamecarbonchain
as:

HOCH2CH2OH
CH2OH HOCH2–CH–CH2

HOCH2 OH

Thechemicalandphysicalpropertiesofthesetypesofalcoholsareslightlythe
same;however,thereareslightdifferences.

Ethane-1,2-diolboilsatahighertemperature.
Ethane-1,2-diolhastwo OH group which resultsinto formation ofextensive
hydrogenbondswhichisdifficulttobreakhencehighboilingpoint.

PREPARATIONOFDIOLS

Theycanbepreparedfrom alkylhalides.

CH3CH2Cl HOCH2CH2OH

Heat ϵt /ϵtOH ethane-1,2-diol
̅
O

CH2=CH2 MN / HO
-

4

̅
O

heat

Alkenes
CH2=CH2 HOCH2CH2OH

O
C–O–OH

Benzeneperoxoacid 200oC/pressure

CH2–CH2 + H2O2
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O

CH3CH2OH HOCH2CH2OH

180oC Conc.H2SO4 heat

Mn / H
̅
O4

̅
O

CH2=CH2

Reactionsofdiolsarethesameasthoseofmonohydricalcohols.
Thedifferenceisthatexcessofthereagentisused.

CH3CH2CH2OH

heat Conc.H2SO4

175oC

OH

CH3CH=CH2 CH3CHCH2OH
heat

Mn / H
̅
O4

̅
O

CARBONYLCOMPOUNDS

Thesearecompoundscontainingacarbonylfunctionalgroup.They arealkanal
(Aldehydes)andalkanones(Ketones).

Thesetwobelongtoagroupoforganiccompoundsknownascarbonylcompounds

withageneralformulaCnH2nO.

O
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C

R H - Aldehyde

O

C

1R IIR - Ketone

Themajordifferencebetween aldehydeandketoneisinthepresenceorabsence
ofH2attachedontothecarbonylcarbon.

Inaldehydes,“H”istothecarbonylcarbonwhileinaketone,similarordifferent
alklygroupsareattachedtothecarbonylcarbonasshownabove.

NOMENCLATURE

IUPAC system isusedinthenamingofbothaldehydesandketones.Generally,
aldehydesarenamedasalkanalsbyreplacing“e”inthealkanenamewith–“als”
whileketonesarenamedasalkanonesbyreplacing–“e”with–“ones”.

Alkanals Alkanones
(Formaldehyde) O O

HC–H Methanal CH3CCH3 Propan-2-ones

(Acetaldehyde) O O
CH3C–H ethanol CH3CCH2CH3butan-2-ones

O O
CH3CH2C -H Propanal CH3CCHCH3

CH3 3-methylbutan-2-ones

O O
CH3CH2CH2C–H–Butanal CH3CH–C–CH2CH2CH3

CH3

2-methylhexan-3-one

O
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CH3CHCH 2-methylpropanal
CH3 O

O Cyclohexa-1,3-dione.

ISOMERISM

Bothaldehydesandketonesexhibitstructuralandfunctionalisomerism.

Instructuralisomerism,theyshowpositionandchainisomers.

Infunctionalisomerism,bothaldehydesandketonesareisomericwithinthemselves
andwithotherclassesoforganiccompoundslikealcoholsandcyclicethers.

C4H8O

O
CH3CH2CH2CH Butanal

O
CH3CHCCH3 Butan-2-one

H H
H OH

Cyclicbutanol(cyclicalcohol)
H H

H H

H H
H H

O Cyclicether(Tetacfuran)
H H

H H
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C4H8O

CH3CH2CH2CHO Butanal

CH3CH–CHO 2-methylpropanal(Aldehyde)
CH3

CH3CCH2CH3 Butan-2-one(Ketone)
O

CH2–CH2

O Tetrahydrofuran(furan)
CH2–CH2

CH2=CHCH2–CH2OHBut-en-4-ol
(Usaturatedalcohol)

WritealltheisomersofthecompoundswiththemolecularformulaC3H6O.
CH3CH2CHO Propanal(Aldehyde)

O
CH3CCH3 Propanone(Ketone)

CH2=CHCH2OH Prop-1-en-3-ol.

O
CH2 CH2 Trihyrofuran

CH2

PREPARATIONOFCARBONYLCOMPOUNDS

Theycanbepreparedfrom thefollowing:
i) Mildoxidationofalkanol(alcohols)
ii) Carboxylicacidsortheirsalts.
iii) Ozonolysisofalkenesfollowedbyhydrolysis.
iv) Acidhydrolysisofalkynes.
v) Hydrogenationofacidchlorides.
vi) Acylation(aromaticketones)

OXIDATIONOFALCOHOLS
PrimaryandsecondaryalcoholsareoxidizedinliquidphaseusingK2Cr2O7 /H+ or
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Na2Cr2O7/H+,CrO3/H+ toform aldehydesandketonesrespectively.

Duringoxidationprocess,acolourlesssolutionturnstogreensolution.

Examples:

CH3CH2OH CH3CHO CH3COOH
/ (aq)H

+
Cr

2
O2-

7

warm

(aq)/H
+

Cr
2
O2-

7

heat
Alcohol Ethanal Carboxylicacid

Aldehyde

OH O

CHCHCH3 CH3CCH3

(aq)/H
+

Cr
2
O2-

7

heat

CH2OH CHO
(aq)/H

+
Cr

2
O2-

7

heat

(aq)/H
+

Cr
2
O2-

7

heat
COOH

Duringtheoxidationprocess,especiallyforprimaryalcohols,therewillbefurther
oxidationtocarboxylicacidwhichrendersthismethodineffectivebutthisfurther
oxidationcanbeavoidedbycarryingoutareactionunderlow heat(temperatures)
orlimitingtheamountoftheoxidantused.

Oxidationcanalsobeeffectedundervapourphase.Whenanalcoholvapouris
passedoverheatedCuat300oC,itisoxidizedtoanaldehydeorketone.

CH3CH2OH(g) CH3CHO + H2
Cu

C300
o

CH3CHCH3 CH3CCH3+H2
Cu

C300
o

OH O

Oxidationundervapourphasecanalsobebroughtaboutwhenanalcoholtogether
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withlimitedO2ispassedoverheatedAgat500oC.

CH3CH2OH +½ O2 CH3CHO+H2O
Ag

(S)

C500
o

CH3C(OH)CH3+½ O2 CH3COCH3+H2O
Ag

(S)

C500
o

CARBOXYLICACIDS
Whenacarboxylicacidsaltofcalcium isheated,analdehydeidformed.More
speciallymethanolisformed.

O

Ca(COO)2
heat

CaCO3 + HCH

Withotherhigheraldehydes,Casaltofacarboxylicacidisheatedwithcalcium
methanoate.

Examples:

(CH3COO)2Ca(s)+(HCOO)2Ca(s)
heat

2CH3CHO+2CaCO3

Ethanal

(CH3CH2CO )2Ca+ + (HCOO)2Ca
heat

2CH3CH2CHO+2CaCO3

̅
O

Propanal

( CO )2Ca+ + (HCOO)2Ca
heat

2 CHO+2CaCO3

̅
O

Benzaidehyde

KetonescanbepreparedbyheatingCasaltsofhighercarboxylicacids.

(CH3COO)2Ca
heat

CH3COCH3+CaCO3

(CH3CH2COO)2Ca+ heat
CH3CH2COCH2CH3+CaCO3

ConvertCH3CH2OH CH3COCH3

CH3CH2OH CH3COOH + Ca(OH)2

(aq)/ExcessH
+

Cr
2
O2-

7

heat
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(CH3COO)2Ca + H2O

CH3COCH3 heat

OZONOLYSIS
Whenanalkeneisreactedwithozone,anozonideidformed.Whentheozonideis
dilutedinH2Oinpresenceofsomezinc,acarbonylcompoundisformed.Zincdust
isusedtodecomposeH2O2.

Note:Aldehydesformeddependsonthetypesofalkeneused.Symmetricalalkene
givesonetypeofaldehydewhileunsymmetricalwillgiveyoubothcarbonyls.

O

CH2=CH2+O3 CH2 CH2

O O

O O

CH2 CH2 H2O/Zn 2HCH + H2O2

O O

O

CH3CH=CH2+O3 CH3 CH CH2

O O

O

CH3CH CH3 + H2O Zn CH3CHO+HCHO+H2O

O O

CH3

CH3C=C–CH3+O3 2CH3COCH3

CH3

CH3

CH3C=CHCH3+O3 CH3COCH3+CH3CHO



147

Theabovemethodhasthedisadvantageofyieldingamixtureofproductswhich
maynotbegoodinorganicsynthesis.

HYDROLYSIS(ACID)OFALKYNES
WhenanalkyneispassedthroughhotH2SO4 inpresenceofmercurysulphate,the
carbonylcarbonisformed.

CH≡CH+H2O CH3CHO
/H

2
SO

4
HgSO

4

C60
o

Ethanal

CH3C≡CH+H2O CH3COCH3

/H
2
SO

4
HgSO

4

C60
o

HYDROGENATIONOFACIDCHLORIDES
Acidchloridesarereducedbyhydrogeninpresenceofcatalystslikepdtoform
aldehydes.

CH3COCl+H2 Pd CH3CHO+HCl

COCl+ H2 Pd CHO + HCl

ACYLATION
Alkylacylationisareactionbetweenacidhalideswithabenzeneringcompound.
Thisreactionproducesaromaticketoneswhenitiscarriedoutinpresenceofa
halogencarrier(AlCl3,FeCl3)

O

+ CH3COCl AlCl3 CCH3 + HCl
Ethanoylchloride

Phenylethanone

CH3 CH3 CH3

+ CH3COCl AlCl3 COCH3

+ HCl

COCH3
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PHYSICALPROPERTIESOFCARBONYLCOMPOUNDS

LowermembersofaldehydesandketonesareliquidsandaremisciblewithH2O
formingneutralsolutions.ThemiscibilityinH2Oisduetothepolarcarbonylcarbon.

They have higher boiling points than their hydrocarbon counterparts.This is
because of the polar nature of the carbonylcarbon that results into the
intermolecularattractionsbuttheirboilingpointsarelowerthanthoseofalcohols
andcarboxylicacidsduetothelackofH2bonding.

CHEMICALPROPERTIESOFCARBONYLCOMPOUNDS
Carbonylcompoundschemically reactbecause ofthe property ofthe carbonyl
carbonwhichisacommonfunctionalgrouppresentinbothaldehydesandketones.

A carbonylcarboncontainsmoreelectronegativeoxygenbondedtocarbonwhich

pullselectronstowardsitselfandattainsaδ
-

chargewhilethecarbonremainsδ
+
.

Therefore,the carbon oxygen bond ispolarised creating a good condition for
nucleophillicreagentstobeaddedacrossthecarbonylcarbon.Theintermediate
formedwithanegativeonoxygenreactswithanelectrophilletoform thefinalend
product.

δ+C=Oδ-

:Oδ-
̅
O +

E

C C C
δ+ Nu Nu

:Nu

Carbonylgroupinaldehydeismorereactivethaninketones.

Explanation:
Inketones,thepresenceoftwoalkylgroupshavingapositiveinductiveeffect
highlyneutralizesthepositivechargeinthecarbonresultingintoalessattractionof
anucleophile.

Oδ- Oδ-

R–C–H R–C–R
δ+ δ+
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Methanolismorereactivethanotheraldehydes.Explain.
Inmethanolonlyhydrogenisbondedtothecarbonylcarbonthatthepartialpositive
chargeformedisnotneutralizedmakingmethanolmorereactive.

Therefore,themorenumberofalkylgroupsaddedtoacarbonylcarbon,thelesthe
reactionduetothefollowingreasons:
(i) Thealkylgroupshavegotelectronpushing(positiveinductive)effectwhich

neutralizesthepartial)positivechargeonthecarbon.
(ii) Severalalklygroupswillhaveacrowdingeffectpreventinganucleophile

from beingattachedtothecarbon.

Orderofthereactivityofthefollowing:
O O

O

H-C=O CH3C=O CH3C–CH3 CH3CH2-C-CH2CH3 C3H7CC3H7.

H H Neutralization Sterichinderance
ofcharges

Whenotheratomsofamoreelectronegativeeffectareaddednexttothecarbonyl
group,thereactivityofthecarbonylcarboncompoundincreases.E.g.ifahydrogen
onthecarbonatom nexttothecarbonylgroupisreplacedwithahalogen,the
reactivityincreases.

O Oδ-

Cl Oδ-

CH3CH2C–H CH3CH–C–H CH3C–C–H
δ+

δ+
Cl Cl

REACTIONOFCARBONYLCOMPOUNDS
GENERALREACTION(BOTHKETONESANDALDEHYDES)
(i) Reactionsofalkylgroups:

Bothaldehydesandketonescontainingalphahydrogeni.e.hydrogensonthe
carbonsnexttobecarbonylgroup undergohalogenationsreaction,when
reactedwithahalogentoform substitutedproducts.Substitutionproceeds
untilthealphahydrogensarereplaced.

O O
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CH3CH + Cl2 CH2ClC–H+HCl

Cl2

O O

HCl+CClCH Cl2 CHCl2CH +HCl

O

CH3CCH3+Br2 CH2BrCCH3+HBr
Br2

O
CBr3COCH3 Br2 CHBr2CCH3+HBr

O + Br2 O + HBr

Br

O
CH3COCH3+3Cl2 CCl3CCH3+3HCl

Cl
O + 2Cl2 O + 2HCl

Cl

(ii) Reactionsduetocarbonylgroup:
Both aldehydes and ketones containing a carbonylgroup undergo the
followingreactions:
Reduction(ReactionwithH2)
AldehydesandketonesarereducedbyH2 inpresenceofasuitablecatalyst
e.g.Ni/150oC,pt/pdintoprimaryandsecondaryalcoholsrespectively.

CH3CHO+H2 CH3CH2OH
Ni/ C150

o

CH3COCH3+H2 CH3 CH CH3
Pt

OH

O

+ H2 OH
Ni/ C150

o
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Usingreducingagents:
SimilarlystrongreducingagentssuchasAluminium,Na,Lithium tetrahydride,
Na/Ethanolcanalsobeusedtoeffectreduction.

CH3COCH3 CH3CH(OH)CH3

LiAlH
4

Dryether

CH3CHO CH3CH2OH
Na/Ethanol

Mechanism ofreduction:

H2 H
+

+ :
Pt

H
-

H
+

Oδ- :
̅
O

OH
CH3 CH3 CH3–C–CH CH3–C–CH3C

δ+

: H HH
-

AdditionofHCN(hydrogencyanide)
Both carbonylcompounds reactwith HCNs to form 2 hydroxylnitrates or
cyanohydrins.TheHCN isgeneratedinsitufrom thereactionbetweenNaCN and
Conc.H2SO4.

OH

CH3CHO+NaCN+H2SO4 CH3CHCN
2-hydroxypropanitrile.

OH

CH3COCH3 CH3 C CH
Conc. /NaCHH

2
SO

4

CN

CH3 CH3

CH3CHCHO+KCN/H2SO4 CH3CHCHCN

OH
O

CCH3KCN/H2SO4 OH



152

H

CH3 CH3OH

CH3CCHO HCN CH3 C CHCN

CH3 CH3

Mechanism:
2KCN + H2SO4 2HCN +K2SO4

CH3 H CH3 H Hδ+

CH3CH–C= CH3CH–C- :Oδ-
̅
O

δ+ CN

: ≡N CH3

̅
C

CH3CHCHC≡N

OH
2-hydroxyl,3-methylbutanitrile.

REACTIONWITHNaHSO3

Both carbonylcompounds reactwith a saturated solution ofNaHSO3 to give
crystallinesolidsofNaHSO3derivatives.

CH3CHO+NaHSO3 CH3CHS 3Na+
̅
O

(saturated) OH
Ethanalsodium hydrogensulphite.

OH

CH3COCH3+NaHSO3 (CH3)2 C-S 3Na+
̅
O

O S 3Na+
̅
O

+ NaHSO3

OH

Mechanism:

NaHSO3 Na+ + HS 3.

̅
O
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O CH3 O CH3 Protonshift O CH3

: - S: = O=S–C- O
̅
O δ+

C
Oδ-

̅
O

=S–C–OH

OH CH3 OH CH3

CH3

̅
O

O CH3 O

O=S–C–OH Na+ O=S – C –CH3

CH3 ONa CH3

̅
O

ADDITIONREACTIONWITHPCl5.
BothcarbonylcompoundsreactwithPCl5 togivegem-dihalideswithnosteamingin
moistairi.e.(Nohydrogenhalideformed)whichdistinguishesbetweenalcoholsand
carbonylcompounds.

Cl

CH3CHO+PCl5 CH3CH + POCl3

Cl

Cl

CH3COCH3+PCl5 CH3C–CH3+ POCl3

Cl

CONDENSATIONREACTIONS
Aldehydesand ketonesreactwith compound containing amino groupsto form
condensationsproductsandlossofH2Omolecule.Theseproductsformedhavegot
sharpmeltingpointswhichareusedinidentificationoftheoriginalcompounds.

ThesetypesofreactionsarecondensationbecausethereiseliminationofaH2O
molecule.

C=O+R–NH2 C=N–R+H2O.

CH3CCH3 + R–NH2 CH3CCH3+H2O
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O N-R

Reagents Product R–group
1. Hydroxylamine Oxime

HO–NH2 C=N–OH -OH

2. Hydrazine Hydrazone
NH2–NH2 C=NNH2 -NH2

3. Phenylhydrazine Phenylhydrazone
NHNH2 C=NNH NH

4. Semicarbazine Semicarbazone
NH2NHCONH2 C=N–NHCONH2NH–CONH2

5. 2,4dinitrophenyl 2,4dinitrophenyl
Hydrazine(Brady’sreagent) hydrazone
NO2N NHNH2 C=NNH NO2O2N

NH

NO2 NO2

NO2

Mechanism:
NHNH2 CH3

NO2

CH3COCH3 + H+ C=NNH NO2+H2O

NO2 CH3 NO2

O

CH3CH+HO–NH2 CH3CH=N–OH+H2O.

O CH3

CH3CCH3+NH2–NH2 C=NNH2+H2O

CH3

O CH3

CHCH2CCH3+ NHNH2 CH2–C=NNH
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CH3CH2CH2CHO+NH2NHCONH2 CH3CH2CH2CH=NNHCONH2

Mechanismsofcondensationreactionsofcarbonylcompounds

O

CH3CH+HO–NH2 H+ CH3CH=N–OH+H2O

O: O+H OH

CH3C–H H+ CH3C–H CH3C–H

HO- H2 HO–N–H
̈
N

H+

shift

CH3C=NOH
-
H

+
CH3–C–H

-
H2O

+
OH2

H HO -H CH3–C- H-N

+

Ethanalhydroxime
H–N:

H

O CH3

CH3CCH3+HO–NH2 H+ CH3C=N–OH+H2O

O: OH OH

CH3C–CH3 H+ CH3CCH3 CH3CCH3

HO– H2 HO–N–H
̈
N

H

Protonshift
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CH3 CH3 OH2

CH3C=N–OH H+ CH3C -H
-
H2O CH3C–CH3=

+

N

Propanonehydroxime
OH N:

H

O H

CH3CH+H2N–NH2 CH3C=NNH2+H2O

O H OHOδ-

CH3C–H CH3C–NNH2 CH3C– –NH2
H

+

Shift

̈
N

δ+
H H H H

H2N H2 -H2O
̈
N

CH3C–N–NH2

O CH3

NH2 + CH3CHC–H H+ CH3CHC=N +
H2O

CH3 H

O: OH

CH3CH–C–H H+ CH3CHC–H

CH3 CH3

H2

̈
N

H CH3 OH2 OH H

CH3C=
+

N

CH3CH–C - –H CH3CH CH–N
̈
N

-
H

+
H CH3

H
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CH3CH=N

ReactionswithdiluteNaOH
Aldehydescontaining∝-hydrogensandketonesreactwithdiluteNaOH toform
hydroxylalkanalsoralkanoneswhich are compoundscontaining both hydroxyl
groupandcarbonylcarbonbutwithdoublingofthechain.

Whenthesecompoundsareheated,H2Oislostandadoublebondisformed.

2CH3CHO CH3CHCH2CHOH
̅
O

(aq)

OH 2hydroxybutane.

2CH3CH2CHO CH3CH2CHCH2CH2CHOH
̅
O

(aq)

OH

O OH

2CH3CCHO CH3C-CH2C–CH3H
̅
O

(aq)

CH3 O

Mechanism:
O O

CH2–C–H H2C–H+H2O
̅
C

H

: H
̅
O

O CH3 O
̅
O

HC–CH2 δ+C= CH3CH–CH2–C–HOδ-

H
+
H

+
(H2O)

O
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CH3CHCH2C–H

OH

Reactionswithconc.NaOH
Thisreactionispossibleonlywithaldehydeshaving∝-hydrogensandnotwith
ketonestogivebrownresiniouscompoundsformedbyaseriesofcondensation.

2CH3CHO Conc. HCH3CH CHCHO
–

H2O CH3CH=CHCHO
̅
O

OHH

OH

CH3CH=CHCHO+CH3CHO H CH3CH=CHCH–CH2CHO
̅
O

OH

CH3CH=CHCH–CH2CHO
-
H2O CH3CH=CH–CH=CHCHO

Polymerization:

i.e.nCH3CHO Conc. H CH3(CH=CH)nCHO.
̅
O

Reactionthatdistinguishbetweenaldehydesandketones.

Oxidation:
Aldehydes are oxidized by oxidizing agents e.g.H+

(aq)/K2Cr2O7(aq) H+/CrO3 to
carboxylicacid.

Ketonesareresistanttooxidationandthereforetheyneveryieldanyproductwith
thesamereagents.

Test:
Add2dropsofanaldehydeinto2cm3ofH+

(aq)/K2Cr2O7(aq)andwarm.

Anorangesolutionturnstogreen,theresultantsolutionbecomesacidic.

CH3CHO H+
(aq)/Cr2 (aq) CH3COOH+Cr3+

(aq)+H2O.O2-

7
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BenedictsorFehling’ssolution:
IncreasesasolutioncontainingCu2+ ions.Thissolutionisblueincolourbutwhen

reactedwithanaldehydeunderheat,thealdehydedecreasesCu2+ toCu
+

resultant

intoared-brownprecipitateofCu2O(s).

Thispropertyofaldehydeisreduction.
Ketonesdonotgiveared-brownprecipitate.

CH3CHO+Cu
2+

+ H2O heat CH3COOH+Cu2O(s).

Ammoniacalsilvernitrate(Tollerisreagents)
AmmoniacalsilvernitratesolutionisasolutionofsilvernitrateinNH3.

Aldehydesunlikeketonesareoxidizedbythismildoxidizingagenttoacarboxylic
acid.

TheAg
+

intheAgNO3 isreducedtoAgmetals.Therefore,theobservationmadein
practicalsis;agreydepositorsilverycoatingonthesidesofthetesttube.

CH3CHO+Ag(NH3)2NO3+H2O(l) heat CH3CO N +Ag+NH4NO3.
̅
O H

+

4

Note thatatmosphericO2 can also oxidize aldehydes.Thisiswhy samplesof
aldehydesarenormallycontaminatedwhenexposedtotheatmosphere.

Iodoform /haloform reaction:
Thisreactionisonlypossibleformethylaldehydesandketones.Sincewehaveonly
onemethylaldehyde,ethanal,thereactionisstrictlypositiveforethanolandmethyl
ketoneswiththefollowingstructure.

Ethanal Methylketones
O

C C
H3C O CH3

The reaction is usefulin practicals in determining the structure ofcarbonyl
compounds.

Test:
WheniodineandNaOH isaddedtoethanoloramethylketoneandwarmed,a
yellowprecipitateoftriiodomethaneisformed.
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CH3CHO+I2(g)+NaOH(aq) CHI3(s)+NaI+HCO Na
+

+H2O(l)

̅
O

O

CH3CCH3+I2(aq)+NaOH(aq)

warm
CHI3+CH3COONa

+
+NaI(aq)+H2O.

CARNIZAROREACTIONS:
Thisreactionisonlypossibleforaldehydeswithour∝-hydrogenketones.

WhenNaOH isreactedwithanaldehydewithoutanalpha-hydrogenofgeneral
formula.

HCHO, CHO,thealdehydeisoxidizedtocarboxylicacidandtheother

halfisdecreasedtothealcohol.

2 CHO+NaOH COOH+ CH2OH.

2HCHO
NaOH

HCOOH+CH3OH.

Namethereagentthatcanbeusedtodistinguishbetweenthefollowingpairsof
compoundsandineachcase,statewhatwouldbeobservedwhenthereagentit
separatelytreatedwitheachcompound.

(i) COCH3 and COCH2CH3.

Reagent:Hotiodinesolutioninaqueoussodium hydroxide.

With COCH3 : Ayellowprecipitate.

With COCH2CH3 : Noobservablechange.

(ii) CH3COCH3 andHCHO
Reagent:
WithCH3COCH3

WithHCHO



161

(iii) CHOand COCH2CH3

Reagent:
With CHO

With COCH2CH3

(iv) CH3CH2COCH3 and HCHO
Reagent:
WithCH3CH2COCH2CH3

WithHCHO

CARBOXYLICACIDS
CARBOXYLICACIDS/ALKANOICACIDS

Carboxyclicacidsareorganiccompoundswithageneralformula, O
RC–OH

(CnH2nO2)iftheyaresaturated.Theycontaintwofunctionalgroups:
OCarbonylcarbongroup Carboxylicacidgroup
C O

-OH–hydroxylgroup C–O–H

Carboxylicacidscanberoughlycategorizedintothefollowing:
(i) Monobasicacid:

Containsasinglecarboxylicacidgroup.
O

RC–OH

(ii) Diabasicacid
Containstwocarboxylicacidgroupsjoinedtothesamecarbonchain.

O
HO–C–R–C–OH

O

(iii) Tribasicacid
Containsthreecarboxylicacidgroupsjoinedtothesamecarbonchain.

O O
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HO–C–R–C–OH
C–OH
O

Natureofthealkylgroup
Saturatedcarboxylicacid
ContainstheRgroupwithsinglecarbon-carbonbond.

H H O
H–C–C–C–OH

H H
Alkygroup.

Unsaturatedcarboxylicacid
Containsatleastadoublebondinthealkylchain.

O
H2C=CHC–OH Propenoic

Alkylgroup.

NOMENCLATURE
According to the IUPAC system, carbonxylic acids are named after their
correspondingalkanes.Thisisusuallydonebyreplacingasuffix-anebyOIC.

HCOOH Methanoicacid

CH3COOH Ethanoicacid

CH3CHCOOH 2-methylpropan-1-oic
CH3

COOH Benzoicacid

COOH 3-hydroxybenzoicacid

OH

CH3CH=CHCHOO Buten-2-oicacid

CH2COOH 2-phenylethanoicacid.
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HOOC-CH-COOH
COOH Butane-1,2,3-triocacid.

CH3(CH2)4CH=CH–(CH2)2COOH Dec-4-enoicacid.

MONOBASICCARBOXYLICACIDS
Thesecontainasinglecarboxylicacidgroup.Theyarelargelyfoundinnature.E.g.
Citricacid–incitrusfruits
Lacticacid CHCHCOOH

OH
Formicacid(HCOOH)–insectbites.

ISOMERISM
Monobasicacidsshowbothstructuralandfunctionalisomerism.

STRUCTURAL
Chainisomerism:
Isomersdifferfrom natureofthecarbonchainC5H10O2.

CH3CH2CH2CH2COOH - Pentanoicacid

CH2CH2CHCOOH - 3-methylbutanoicacid
CH3

CH3CHCH2COOH - 2-methylbutanoicacid
CH3

CH3

H3C–C–COOH - 2,2-dimethypropanoicacid
CH3

FUNCTIONAL
Monocarboxylicacidsareisomericwithesterse.g.C3H6O2
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CH3CH2COOH O
CH3COCH3

Propanoicacid Methylethanoate

METHODSOFPREPARATIONOFMONOCARBOXYLICACIDS

Monocarboxylicacidscanbepreparedfrom thefollowing:
(i) Oxidationofprimaryalcoholaandaldehydes:

Primary alcoholsareoxidized by excessoxidizing agentsuntilcarboxylic
acidsareformed.

Aldehydesarealsooxidizedtocarboxylicacids.

Primaryalcohol carboxylicacid
Excessoxidisingagent

heat

Aldehydes carboxylicacid
oxidising

agent/heat

Themainlab.OxidizingagentsusedinthiscaseareacidifiedK2/Na2Cr2O7/
H+

(aq)/CrO3(aq),H+
(aq)/KMnO4(aq)

CH3CH2OH CH3COOH

Excess
(aq)/ (aq)H

+
Cr

2
O2-

7

heat

CH3CHO CH3COOH
(aq)/H

+
Cr

2
O2-

7

heat

(ii) Hydrolysisofacidnitrilesandacidamideswithalkalineoracid.
Whenanitrileisheatedunderrefluxwithmineralacidoralkali,anamideis
firstformedwhichlaterisfurtherhydrolyzedtoacarboxylicacid.

CH3C≡N O
/ OH

+
H

2

H/ O
̅
O H

2
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CH3C–NH2 H+/H2O
Ethanitrile Heat Ethanamideheat

CH3COOH+NH2

O

CH3CH2CNH2 CH3CH2COOH+NH3

/ OH
+

H
2

heat
Propanamide

Theusefulnessofthisreactionis,increaseofthecarbonchainofonecarbon.E.g.
Convert CH2=CH2 CH3CH2CH2OH

CH2=CH2
HCl

CH3CH2Cl CH3CH2CN
KCN/ϵtOH

heat

CH3CH2CH2OH CH3CH2COOH
LiAlH

4

Dryether

(iii) From dicaboxylicacids
Whendicarboxylicacidsareheated,theyaredecomposedbylossofCO2 to
form amonocarboxylicacid.Thisreactionisimportantinreducingthecarbon
chainbyonecarbon.

HOOCCOOH
heat

HCOOH+CO2

HOOCCH2COOH
heat

CH3COOH + CO2

COOH COOH

COOH +CO2
C160

o

heat

PROPERTIESOFCARBOXYLICACIDS
Physicalproperties:
Lowermembers(C1–C4)arecolourlessliquidsverysolubleinH2O.

Medium members(C5–C9)aresolidsonlypartiallysolubleinH2O.
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SOLUBILITYOFCARBOXYLICACIDSINH2O.
Solubilityofcarboxylicacidsdecreaseswiththeincreaseinthecarbonchain.This
isbecausethemorenumberofcarbonchainswhicharehydrophobicoutweighsthe
carboxylicacidgroup,whichisresponsibleforformingH2 bondswithH2O hence
lowsolubility.

Meltingandboilingpoints:
Carboxylicacidsshow highvaluesofmeltingandboilingpointscomparedtotheir
corresponding alcohols and alkanes.This is because a single molecule ofa
carboxylicaciddimerisesviaH2 bondswhichmakestheirmeltingandboilingpoints
tobehigher.

Bythem undergoingdimerisation,theirapparentmolecularmasseswhendetermined
bycryoscopicmethodtobetwicetheactualmolecularmass.

O H-O
H3C–C C–CH3 ApparentMw=120

O–H O Dimes
2-hydrogenbonds RealMw=60

TheformationofH2bondsalsomakethem tobeverysolubleinH2O.

CHEMICALPROPERTIES
Acidnature:
Carboxylicacidsareacidicinnature.Theyaremoreacidicthanphenolbutless
acidiccomparedtomineralacids.Aqueoussolutionsofcarboxylicacidsturnlitmus
paperred.

WhendissolvedinH2O,theydissociate.Anequationisestablishedasshown.

O O

R–C–OH+H2O RC- +H3O+
(aq)

̅
O(aq)

Ka=
[ ][RCO

̅
O] H

3
O

+

[RCOOH]
Moldm-3.

TheKavalueisthenusedtodenotethestrengthoftheacid.ThebiggertheKa
value,themorestrongertheacid.

Acid Ka PKa
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Methanoic,HCOOH 1.77x10-4moldm-3 3.75

Ethanoic,CH3COOH 1.75x10-5moldm-3 4.82

AnotherimportantvalueisPKa,thereforethehigherthePKavalue,theweakerthe
acid.

Explanation/reasonforacidstrength
Acidityofcarboxylicacidsisdeterminedbyanumberoffactors;
(i) Resonanceofthecarboxylicion

Whenthecarboxylicacidgroupionizes,itformsthecarboxylicionandthis
ionmayshow severalresonancestructuresinordertoattainamorestable
form.Themorestablethecarboxylate,thestrongertheacid.

O O
̅
O

̅
O

R–C R–C R–C R–C

OH : O
̅
O

O
I II III

I,IIandIIIareresonancestructuresofcarboxylicacid.

(ii) Inductiveeffect:
Inductiveeffectisatendencyofanatom orgroupsofatomstodonateor
withdrawelectronsfrom acertaingroup.

Adjacentelectronwithdrawingsubstituentsincreasetheaciditybyfurther
stabilizingthecarboxylate.E.g.
Acids Structure PKa

Ethanoicacid CH3CO2H 4.7

Fluoroethanoic FCH2CO2H 2.6

Dichloroethanoic ClCH2CO2H 1.3

Chloroethanoic Cl2CHCO2H 2.9

Tri-chloroethanoic Cl3CCO2H 0.9

Nitroethanoic NO2CH2CO2H 1.7

Theabovetableshowsthatthepresenceofanelectronwithdrawingatom
pullselectronsfrom thebonddecreasingelectrondensityofthatbond
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(O–H)andtheeaseofaprotonrelease.

MoreatomsofsuchgroupsdecreasestheelectrondensityoftheO–Hbond
furtherandstabilizingthecarboxylatethushighacidity.

ThedatabelowshowsthePKaofthefollowingacids.Explain.
Acid PKa
CH3COOH 4.7
CH3CH2COOH 4.9

REACTIONSOFCARBOXYLICACIDS
Theyreactasweakacids.
Theyreactwithbasese.g.(KOHandNaOH)toform asaltandH2O.

O O

RC–OH + NaOH RC Na
+

+H2O.
̅
O

CH3CO2H + OH CH3CO (aq) +H2O.
̅
O

COOH CO K+
̅
O

+ KOH + H2O

REACTIONWITHSODIUM CARBONATE(NA2CO3)
CarboxylicacidsunlikephenolreactwithNa2CO3veryslowlytoliberateCO2(g).This
reactionisofpracticalimportanceindistinguishingcarboxylicacidsfrom phenols.
ThereagentusedissaturatedNa2CO3.

CH3COOH+Na2CO3(aq) 2CH3COONa+ + H2O(l)+CO2(g)

Similarly,CO2canalsobeevolvedfrom saturatedNaHCO3.

COOH CO Na+
̅
O

+ NaHCO3(aq) + CO2(g)+H2O(l)
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COOH CO Na+
̅
O

+ Na2CO3(aq) +H2O(l)+CO2(g)

OH CO2

3-hydroxy-benzoic CO Na+
̅
O

acid

OH

OTHERREACTIONS:
WithSOCl2.
CarboxylicacidsreactwithSOCl2 inpresenceofanorganicbasee.g.pyridineto
form anacidchlorideandSO2.Thisisoneusefulwayofpreparingacidchlorides.

RCOOH + SOCl2 O
3N

̅
tt

pyridine
R–C–Cl+SO2(g)+HCl(g)

CH3COOH+ SOCl2
Pyridine

CH3COCl+ SO2 + HCl

Mechanism:

O
̅
O

CH3–C–OH CH3C–O–H

C= -Cl Cl–S=O
̈
S

Cl Cl

ReactionwithPCl5.
CarboxylicacidsreactwithPCl3orPCl5toform acidhalides.

O O
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RC–OH+PCl5
RT

RCCl+POCl3+HCl

CH3COOH+PCl5 CH3COCl+POCl2+HCl

Reactionwithalcohols
Reactwithalcoholsinpresenceofamineralacidtoform anesterunderheat.This
iscalledesterificationwhereanesterisformedbyrefluxingacarboxylicacidand
alcoholinpresenceofanacidcatalyst.

Tocompletethereaction,oneofthecomponentseitheranacidoranalcoholhasto
beinexcessortoremoveanesteratacertainintervalonceitisformed.

O O

R–COH + R–CH2OH RCO–CH2–R+H2O(s)
(aq)H

+

heat

O

CH3COOH+CH3OH CH3COCH3+H2O
H

+

heat
Methylethanoate

O

COOH+CH3CH2OH C–OCH2CH3+H2O
H

+

heat
Ethylbenzoate

O

COOH + OH CO + H2O.
H

+

heat

Phenylbenzoate

Themechanism forthisreactiondependsonthecatalystused/basecatalysedor
acidcatalysed.

Acidcatalyzedmechanism.
O: OHH

+

O

CH3COH H+ CH3C–OH CH3–C–OH

CH3 H CH3 -
̈
O O

+

H
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Reagent

O O+ H :O :OH

CH3COCH3 CH3–C–OCH3 CH3C-+OH2+H3O+

OCH3

Reactionwithamides:
Carboxylicacidsreactwithamidestoform substitutedamines.Withamines,they
form amides.

O O

RCOH+R2NH RC–NR2+H2O.

O

CH3COOH+(CH3)2NH CH3CN–CH3+H2O

CH3

O

CH3COOH+CH3NH2 CH3C–NHCH3+H2O

COOH O CH3

+ CH3NHCH3 C–N–CH3

Thisreactionoccursbecauseofthepresenceofaprotonontheaminewhichare
substitutedbythecarboxylate.

Mechanism:

O O
-

O
-

CH3COH CH3C–OH CH3C– H H+
̈
O

CH3 H CH3– –H CH3NCH3

̈
N N

+

CH3 CH3 CH3N CH3

O
-

O
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CH3C–OH2 CH3C–N(CH3)2

CH3N–CH3

REDUCTIONOFCARBOXYLICACIDS
Carboxylicacidsareusuallyreducedbyreducingagentse.g.LiAlH4/ether(THF)to
form aldehydesandlateralcohols(primary).

Note:NaBH4 isnotcommonlyusedtodecreasecarboxylicacidsbecauseitsless
reactive.

CH3COOH CH3CHO CH3CH2OH+H2O.
LiAlH

4

dryether

LiAlH
4

dryether

OR:

CH3COOH CH3CH2OH+H2O
ExcessLiAlH

4

dryether

REACTIONSWITHHALOGENS(∝-HALOGENATIONS)
Carboxylicacidscanbehalogenatedatthecarbonatom adjacenttothecarboxylic
groupwhenreactedwithreagentslikeBr2,PCl5.Thisreactiondependsonthe
characterofthecarbonylcompoundwheretheproductofthereactionknownas∝
-bromocarboxylicacid,isconvertedto∝-hydroxyor∝-aminocarboxylicacid.

O O

CH3COH + Br2 PBr3 BrCH2-C–OH+HBr
∝-bromoethanoicacid

O O

CH2COH + Br2 PBr3 CHCOH+HBr.

Br

DECARBOXYLATION
Carboxylicacidswith acarbonylgroup atthethird position readily undergoes
thermaldecarboxylationwhereCO2 islosttoform asimplealkanewhenheatedin
thepresenceofdrysodalime.

COOH
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+CO2 + Na2CO3

Ex
NaOH/CaO

(s)

heat

CH3COOH CH4+CO2 + Na2CO3

Ex
NaOH/CaO

(s)

heat

O O O

HOC–CH2–C–OH heat CH3COH + CO2

Malonicacid
(Propane-1,3-dioic)

Carboxylicacidderivatives
Esters O

RC–OR

Amides O
RC–NH2

Anhydrides O O
RCOC–R.

Acidhalides O
RC–X

ACIDHALIDES
Thesearecompoundsderivedfrom carboxylicacidsbyreactinganacidwitha
halogen.Thecommonestexamplesareacidchlorides.

O
RC–X wherex=halogenatom.

Nomenclature:
Acidchloridesarenamedbyreplacingthesuffix–icinacidswith–oyl.

O

CH3CCl Ethanoylchloride

O
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CCl Benzoylchloride

O

CH3CHCCl2-methylpropanylchloride

CH3

PREPARATION
i) Reactingcarboxylicacidswithphosphoroushalides.

O
CH3COOH+PCl3 CH3CCl+ H3PO3

O
CH3COOH+PCl5 CH3CCl+HCl+POCl3

ii) Reactionofcarboxylicacidwiththionylchloride
Thisreactionshouldoccurinafumecupboardduetoevolutionoftoxicacids
orshouldoccurinthepresenceofpyridinewhichabsorbs.

O O=C–Cl

COH + SOCl2 +
Pyridine

heat
HCl+SO2.

PROPERTIESOFACIDHALIDES
Physical:
Theyarecolourlessvolatileliquidswithirritatingsmells.Theyfumeeasilyinmoist
airduetoevolutionofHClgas.

Havelowboilingpointsthanthecorrespondingacids.

Chemicalproperties:
Theyundergoanumberofreactionsmakingthem suitablefororganicsynthesis.

HydrolysisusingH2O.
AcidhalidesreactwithH2Otoform theirparentcarboxylicacids.
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O O

CH3CCl+ H2O
RT

CH3C–OH+HCl

O
CCl + H2O COOH + HCl

Mechanism:
O O- O
C–Cl C–Cl- COH2

:OH2 OH2
-H+

O
COH

Reactionwithalcohols:
Acidhalidesreactwithalcoholstoform esters.

O O
CH3CCl+CH3OH CH3COCH3 + HCl

O O
C–Cl + CH3CH2OH COCH2CH3

Mechanism:
O

CH3C–Cl

OO
-

O

H CH3 CH3C–Cl CH3C–O+ -CH3

̈
O

O+ H
H CH3

-
H+

O
CH3COCH3
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ReactionwithNH3andamines:
AcidchloridesreactwithNH3 toform amides.Thisreactionisresponsiblewith
primary/secondaryaminestoform amides.

O O

C– H2
-
H+ COH

̅
O

O O
CH3CHCCl+NH3 CH3CHCNH3+HCl

CH3 CH32-methylpropanamide

O O

CCl + NH3 C–NH2+HCl

Benzanamide

O O

CH3CCl+ CH3NH2 CH3C–NHCH3 + HCl

OCH3

CH3CCl+CH3NHCH3 CH3CN–CH3+HCl

O N,N-dimethylethanamide.

Mechanism:

O O
-

O

CH3CCl CH3C+ –Cl CH3CN(CH3)2

H –CH3 H–N–CH3 H
̈
N

CH3 CH3
-
H+

CH3C–N(CH3)

O

NH2 COCl H O
+ N–C +HCl

Phenylbenzanamide.
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Reactionwithbenzene:
Acidhalidesreactwithbenzeneinpresenceofahydrogencarrier.

O O

+ CH3CCl CCH3+HCl
FeCl

3

heat

O O
C–Cl AlCl3 C + HCl

+

Mechanism:
O O

CH3C–C AlCl3 CH3C+ (AlCl4)
-

O O

C+CH3(AlCl3)
-

CCH3

+ H +AlCl
-

4

O
C +H+ AlCl3 + HCl CCH3l

-

4

AMIDES
Amides are compounds derived from carboxylic acid and nitrogen containing
compoundlikeamineorNH3withageneralformula O

RCNH2.
Unlikeamines,theycontainacarbonylcarbondirectlyattachedtothenitrogen.

Naturally,suchcompoundsarefoundinproteins.

Nomenclature:
Amidesarenamedasderivativesofparenthydrocarbonsalkane,replacing– e–
amide.
E.g.

O
HC–NH2 Methanamide
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O
CH3 C–NH2 Ethanamide

O
C–NH2 Benzenamide

CH3CONH(CH3)2 N,N-dimethylethanamide

O CH3

CH3CH2C–N–CH3 N,N,N–trimethylpropanamide.
CH3

PROPERTIESOFAMIDES
Physical:
Allamidesarecolourlesscrystallinesolidsexceptethanamide.Theyhavegothigher
boiling pointsthan corresponding carboxylic acidsdue to the formation ofH2

bonding.

PREPARATION
ReactionbetweenacidhalidesandNH3oramines.

O O
CH3CCl+ NH3 CH3C–NH2

O H

CCl+CH3CH2NH2 C–NCH2CH3

O H

Estersandammonia
O O

CH3COCH3+NH3
heat

CH3CNH2+CH3OH

Acidanhydridesandammonia
O O O

CH3CO–CCH3 + 2NH3
heat

2CH3CONH2+H2O
Ethanoicacidanhydride.
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Mechanism:

O :O
-

CH3C–O–CH3 CH3C–OCH3

H3 N+H3 CH3C–N+H3+ŌCH3

̈
N

O
O H O

CH3 C–N+ -H CH3C–NH2+CH3OH

H

CH3 :
̅
O

Withanhydrides

O O :O
-

O

CH3C–OC–CH3 CH3C–O–CCH3

H3
+

NH3

̈
N

O
[

CH3C- +OH
3

+

N

CH3C–O
-

O H O O

CH3C–N–H CH3C–NH2 + CH3C–OH

H

O

CH3C- :
̅
O

Amidesarereducedbyreducingagentssuchassodium tetrahydrideborate,LiAlH4.
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O CH3

CH3CH CNH2 ∈tOH/Na CH3CHCH2NH2+H2O

CH3

2-methylpropanamide 2-methylpropylamide

Hydrolysis
Amidesare hydrolysed in presence ofa mineralacid oran alkalito form a
carboxylicacid.

Forexample:
O

CH3CH2CNH2+H2O CH3CH2COOH+
H+/ H

̅
O

heat
NH

+

4

CH3 O CH3

CH3CH C NH2+H2O CH3CHCOOH+
H+/(aq)

heat
NH

+

4

Fordistributedamides,hydrolysisproducesacarboxylicacidandonamine.

Example:
O

CH3CNHCH3 CH3COOH+CH3NH2

O/H
2

H
+

heat
N-methylethanamide Primaryamine
Fortrisubstituted.

CH3CON(CH3)2+H2O CH3COOH+NH(CH3)2
H

̅
O

heat
N-N-dimethylethanamide Secondaryamine.

ACIDCATALYZEDHYDROLYSIS(MECHANISMS)
1. O: +OH
OH

CH3C–NH2 H+ CH3C–NH2 CH3C–NH2

:OH2
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O+

H H

-
H

+

NH3 OH OH-H
+

O

CH3C–OH CH3C- H3C– H2 H+H
3

+

N

̈
N

OH OH

O

CH3C–OH

NH3+H+ NH4
+

2. O: H
+

O

CH3–C–NH–CH3 H+ CH3C–N–CH3

H

:OH2

OH

CH3 – C – N
CH3

H

OH

CH3C – NCH3 O+

:OH H H H

OH

CH3 H+CH3C
̈
N

O–H
O

CH3COH+CH3NH2

CH3 H
̈
N
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HOFFMAN’SDEGRADATION

WhenanamideisheatedwithBr2andanalkali,aprimaryamineidproducedwhich
islessthanonecarbonfrom theoriginalamide;thisreactionisknownasHoffman’s
degradationbecauseitinvolvesreductionofthecarbonchainbyonecarbonatom.

(i) O

CH3CNH2 CH3NH2

/KOHBr
2

heat

Equation:
O

CH3CNH2+Br2+4KOH(aq)
heat

CH3NH2+K2CO3+2KBr+H2O.

(ii) O

C–NH2 NH2 + +
/4ŌH(aq)Br

2(aq)

heat
CO2-

3

2H2O+2Br
-

Convert COOH to NH2

COOH NH2

PCl5 heat NaOH/Br2

COCl

NH2 CONH2
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ESTERS

Estersarederivativesofcarboxylicacids.Arehighlyvolatilecompoundswitha
fruitysmell.Theyconform toageneralformula: O

RC–O–R

NOMENCLATURE
Estersarenamedusingtheirparentacidnamebutaddingthesuffix–ate.

O

CH3COCH3 - methylethanoate

O

CH3CH2COCH3 - methylpropanoate

O

CH3OCCH3CH2CH3 - methylbutanoate

O

CH3C–OCH2CH3 - ethylmethanoate

O

C–OCH3 - methylbenzoate

O

C–O - phenylbenzoate

Isomerism
Estersshowstructuralisomerism andfunctionalisomerism.
Functionallyestersareisomericwithcarboxylicacids.
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C4H8O2

CH3CH2CH2COOH–Alcohol

O

CH3CH2COCH3 -Ester

PREPARATIONOFESTERS
(i) Esterification:

From carboxylicacidsandanalcohol.Thisreactioniscatalyzedbyamineral
acidoranalkali.

O

CH3COOH+CH3OH CH3COCH3+H2O
H

+

heat

OH O

+ CH3COOH OCCH3+H2O
H

+

heat

Phenylethanoate

Mechanism:
O: OHH

+

O

CH3COH H
+

CH3C–OH CH3C–OH

CH3 H
+

O
̈
O

CH3

H

H+ HH
2

+

O

̈
O

CH3C–OH CH3C–OH

OCH3 OCH3

+
OH

-
H

+
O
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CH3C–OCH3 CH3COCH3+H+

From acidchloridesandacidanhydrides
When alcoholsarereacted with acid chloridesoracid anhydrides,an esteris
formed.

O O

CH3CCl+CH3OH CH3COCH3+HCl

O O

CCl+ CH3CH2OH COCH2CH3 +HCl

O O O

CH3COC–CH3+CH3OH CH3COCH3+CH3COOH
Ethanoicacidanhydride.

REACTIONSOFESTERS
Estersundergothefollowingreactions:

i) Hydrolysis
Estersare hydrolyzed in presence ofamineralacid to acorresponding
carboxylicacidandalcohol.

O

CH3COCH2CH3 CH3COOH + CH3OH
/ OH

+
H

2

heat

O

C–OCH3+H2O COOH + CH3OH
H

+

heat

NOTE:
Hydrolysisinvolvescleavageat O

R–C–O-R
Thepositionofthiscleavageisusefulinradiolabellingtotraceforthereaction
mechanisms.
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Example:
O O

RC- +-R18

O
H

2
Rc- H+ R- H18

O

16

O

16

O

ii) Reduction
EstersarereducedwithLiAlH4 inpresenceofethertocarboxylicacidand
thealcohol.

Example:
O

C–OCH2CH3 CH3CH2OH + COOH
LiAlH

4

dryether

iii) ReactionwithNH3

EstersreactwithNH3togiveamidesandalcohols.

Example:
O O

CH3CH2COCH3+NH3
heat

CH3CH2C–NH2+CH3OH

O

COOCH3 +NH3
heat

CNH2+CH3OH.

iv) Reactionwithprimaryamines
O

COCH3+CH3NH2
heat

COOH +CH3NHCH3.

AMINES

These are compounds thatare derived from ammonia base by replacing one
hydrogenwithanaminogroup.Theythereforehaveageneralformula.
RCH2–NH2.

Thefunctionalgroupofaminesis–NH2(aminogroup).

NOMENCLATURE
Aminesarenamedasderivativesofalkanesbyaddingaminesuffixtothestem
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name.

CH3NH2 methylamine
CH3CH2NH2 ethylamine
CH3CH2CH2NH2 propylamine

NH2 phenyl-amine(aniline)

CH2NH2 phenylmethylamine

CLASSESOFAMINES
Aminesareclassifiedintofourgroupsorfourclasses.
i) Primaryamines

Isformedwhenonlyonehydrogenisreplacedfrom theNH3.

CH3CH2NH2 Ethylamine

NH2 Phenylamine(primaryaromatic)

ii) Secondaryamines
IsformedwhentwohydrogensofNH3arereplacedbyalkyloranylgroups.

(CH3)2NH DimethylamineorN-N-dimethylamine

CH3NHCH2CH3 Ethylmethylamine

NHCH3 Phenylmethylamine

iii) Tertiaryamines
AreformedwhenallthehydrogensintheNH3 arereplacedbythealkyl
group.

(CH3)3N Trimethylamine

(CH3)2NCH2CH3 Phenyldimethylamine.
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iv) Quartenaryamines
AresaltsformedwhenthelonepairontheNitrogenisdonatedtoanalkyl
group.

(CH3)3 Tetramethylamine.CH
3

+

N

Isomerism
Aminesexhibitallthethreetypesofisomerism,chain,positionalandfunctional.

WriteallisomersofC4H11N.

1. CH3CH2CH2CH2NH2 n-butylamine

2. CH3CHCH2NH2 2-methylpropylamine

CH3

3. CH3

CH3–C–NH2 2-amino-2-methylpropane.

CH3

4. CH3CH2CHCH3 2-aminobutane

1and2arechainisomers.
3and4arepositionisomers.

H

5. CH3CH2 NCH2CH3 N-diethylamine(functional)

6. CH3

CH3NCH2CH3 (Functional)

METHODSOFPREPARATION
From alkylhalides
WhenalkylhalidesareheatedwithNH3 inasealedtubeatatemperatureof100oC,
thereactiongivesamixtureofamines.Thismethodisnotsuitableforproducinga
specificaminebecauseofamixtureofamines.

AlthoughtheproductsproducedmaybecontrolledbyusingexcessNH3 andatthe
sametimeseparatingeachproductbyfunctionaldistillation.
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CH3CH2Cl+NH3(l) CH3CH2NH2+HCl.
sealedtube

10 C0
o

Primary

CH3CH2NH2+CH3CH2Cl (CH3CH2)2NH+HCl
sealedtube

10 C0
o

Secondary

(CH3CH2)2NH+CH3CH2Cl (CH3CH2)3N+HCl
sealedtube

10 C0
o

Tertiary

NOTE:
WhenexcessNH3isused,

CH3CH2Cl+ CH3CH2NH2+HCl(l)Excess

NH
3

sealedtube

10 C0
o

Mechanism:
ExcessNH3

δ+ δ-
H3N: CH2–Cl CH2- H

3

+

N

CH3 CH3 CH3CH2NH2+H
+

-
H

+

H++Cl
-

HCl.

From alkylcyanides
Whenanalkylcyanidealsoknownasanitrileisreducedwithreducingagentssuch
asLiAlH4 orNaBH4.Orsimplysodium inanalcohol,dryetheraprimaryamineis
formed.

CH3C≡ N CH3CH2NH2

LiAlH
4

dryether
Ethanitrile

CH3CH2CN CH3CH2CH2NH2
Na

ethanol
Propanitrile
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CN CH2NH2

LiAlH
4

dryether

Benzenitrile

From acidamides
WhenanacidamideisreducedusingreducingagentslikeLiAlH4/dryether,primary
aminesareformed.

O

CH3CNH2 CH3CH2NH2+H2O
LiAlH

4

dryether

O

CH3C–NHCH3 CH3CH2NHCH3

LiAlH
4

dryether

HOFFMAN’SDEGRADATION
WhenaminesarereactedwithBr2 inasolutionofKOHorNaOH,aprimaryamine
isformedwhichisonecarbonlessfrom theparentamide.Thisreactionshortens
thechainbyonecarbonanditisknownaHoffman’sdegradation.

O

CH3CNH2+Br2+KOH
heat

CH3NH2+KBr+K2CO3+H2O

From nitrocompounds
Whenanitrocompoundpreferablyaromaticnitrocompoundisreactedwithtinin
conc.HClorLiAlH4/ether,aromaticamineisformed.

NO2 NH2 + H2O

SnConc.

/HCl
heat

(reflux)

NO2 NH2 + H2O
LiAlH

4

dryether

Thismethodissuitableforpreparingaromaticamines.
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HYDROLYSISOFTERTIARYANDSECONDARYAMINES

Thisproducesprimaryandsecondaryaminesrespectively.Whentheyareheated
withmineralizedacidH2Oorabase.

CH3NHCH3+H2O CH3OH + CH3NH2
H

+

heat
Secondary Primary

CH3CH2N(CH3)2+H2O CH3CH2OH+CH3NHCH3
H

+

heat
Tertiary Secondary

CH3CH2NHCH3+OH CH3CH2NH2+CH3OH
H

+

OH
2

Mechanism:(Basecatalysed)

PHYSICALPROPERTIESOFAMINES
i. LoweraminesuptoC2aregaseswhilethosewithC3=C11areliquids,higher

aminesaresolidsatroom temperature.
ii. Loweramineshavegotafishyammoniacalsmellorodour.

iii. Boilingpointsofaminesarehigherthanthoseofcorrespondingalkanes.
iv. LowermembersaresolubleinH2Obutthesolubilitydecreaseswithincrease

inmolecularweight.

Explanationsforboilingpointsandsolubility
Question:
MethylamineCH3NH2 Molecular BoilingpointoC

31 -7

CH3CH3 30 -89

Methylamineboilsatahightemperaturethanethanebecauseofthepresenceof
intramolecularhydrogenbondingwhichholdsmethylaminemoleculestogetherinthe
liquidphaseanddifficulttoescapetovapourphaseduringboilingandmoreheat
requiredtoboilwhileinethane,theweakVanderWaal’sforcesareeasilybroken
andlossheatrequiredtoboil.

Comparingthreeclassesofamines,primaryamineboilsatahighertemperature
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thanthesecondaryfollowedbytertiary.
Amine Molecularweight BoilingpointoC
CH3CH2CH2NH2 59 49

CH3CH2NHCH3 59 35

CH3– –CH3 59 3.5
̈
N

CH3

Primary amine forms atleasttwo intramolecularhydrogen bonding due to the
presenceofmorehydrogenatomsonthenitrogenandhenceboilingatahigher
temperature.

Thesecondaryamineformsonlyonehydrogenbondsinceithasonlyonehydrogen
inthenitrogenwhilethetertiaryaminehasnothydrogenonthenitrogenand
thereforeformingnohydrogenbondingandendsboilingatthelowesttemperature.

Assignment(Researchwork)
Carboxylicacidsboilathighertemperaturesthanalcoholswhichalsoboilsata
highertemperaturethananamineandanalkanehastheleastboilingpoint.Explain.

BASICITYOFAMINES

Aminesarebaseswhichform weakalkalinesolutionswhendissolvedinH2O.Such
solutionsturnlitmuspapertoblue.

Thebasicstrengthofanamineisdeterminedbytheextentofionizationdenotedas
Kb.ThegreatertheKbvalue,themorebasictheamine.Thebasiccharacterofan
aminecanbeexplainedbythepresenceoflonepairofelectronsonthenitrogen
atom whicharealwaysdonated.

Themoreavailabletheselonepairofelectronsare,themorebasicanamineis.

Theavailabilityofelectronsonthenitrogenatom isdeterminedbytheatomsthat
arebondedontoit.

Groupsofatomsthathavegotpositiveinductiveeffectwillpushelectronstowards
nitrogenmakingthem availablewhilethosewithnegativeinductiveeffectwilllower
theelectrondensityonthenitrogenatom makingthem lessavailable.

CH3NH2+H2O CH3 + OHH
3

+

N
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Kb =
[CH

3
H

3

+

N ][ H
̅
O ]

[CH
3
NH

2]

Questions:
1. Methylamineisamorestrongerbasethanammonia.
2. Phenylamineisaweakerbasethanmethylamine.
3. Ethylmethylamineisastrongerbasesthantrimethylamine.

Trend:
Secondaryamine Primary Tertiary ammonia

4. Aminobenzeneisaweakerbasethanaliphaticprimaryamine.Explain.

ThefinalofBasicitywillbe;

Secondary Primary Tertiary Ammonia Aromatic

Beingbasicamines,theyreactwithmineralacidstoproducesalts.Thesesaltsare
strongelectrolytesbecausetheyfullygetionizedandtheirpHisslightlylessthan7.

1. CH3CH2NH2+HCl CH3CH2 +ClH
3

+

N

CH3CH2 Cl CH3CH2 + CH
3

+

N
H

3

+

N
l
-

CH3CH2 +H2O CH3CH2NH2+H3O+
H

3

+

N

Acidic

2. NH2 + HCl ClH
3

+

N

Cl + ClH
3

+

N
H

3

+

N

+ H2O NH2 + H3O+
H

3

+

N
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REACTIONSOFAMINES
1. Withnitrousacid:

Nitrousacid being liable isgenerated insitu.Primary aminesreactwith
nitrousacidtoform acolourlesssolutionofalcoholandacolourlessgasof
nitrogen.

CH3CH2NH2 NaNO2/Conc.HCl CH3CH2OH + N2(g)+H2O.

Secondaryamineswillproduceayellowoilysubstancesknownasnitrosoamines.

CH3CH2NH2 NaNO2/HCl CH3CH2-N-N=O

CH3

Ethylmethylnitrosoamine

(CH3CH2)2 NH NaNO2/HCl CH3CH2-N-N=O

CH3

Diethylnitosoamine.

TertiaryamineswhendissolvedinHNOacidtoform NH4NO2 whichwhenwarmed
formsanitrosoamineandanalcoholbydecomposition.

(CH3)3N NaNO2/Conc.HCl (CH3)3 HNO
-

2

+

N

Trimethyammonium nitrite.

(CH3)3 Warm (CH3)2N-N=O + CH3OHHNO
-

2

+

N

Diethylnitrosoamine.

Aromaticprimaryaminesreactwithnitrousacidgivingdifferentproductsdepending
onthetemperatures.

Attemperaturesbelow 10oC,aromaticprimaryamineswithnitrousacidtoform
diazonium salts.

NH2

NaNO
2
/Conc.

HCl

C<10
o Cl

-+

N
2

Benzenediazonium chloride.

NH2

NaNO
2
/HNO

3

C<10
o ≡NNO

-

3

+

N

Benzenediazonium nitrate.
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NH2

NaNO
2
/Conc. SOH

2 4

C<10
o ≡NHSO

-

4

+

N

Benzene diazonium hydrogen
sulphate.

Attemperaturesaboveten(>10oC),themajorproductformedisaphenol.

NH2 OH + N2(g)+H2O(l)

NaNO
2
/Conc.

HCl

C<10
o

Theabovereactionisofpracticalimportanceindistinguishingtheclassesofamines.

Insummary:
i) 1oamines : Yieldacolourlesssolutionandeffervescenceofa

colourlessgas.

ii) 2oamines : Yieldayellowoilysubstancewhichwhenphenoland
conc.H2SO4 isaddedandthemixturemadealkaline.This
yieldsanintensebluecolour.

iii) 3oamines : Ayellowoilysubstancepersists.

iv) Aromaticamine : Abrightlycolouredcompoundknownasanazo
dyeisproducedwhen2-napthol( OH)is
added.

2. Reactionswithacidchloridesandacidanhydrides.
1o and 2o aminesreactwith acid chloridesand acid anhydridestoform
amides.

O O

CH3CH2CH2NH2+ CH3CCl CH3CH2NHCCH3+HCl

O O
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NH2+CH3CCl NHCCH3+HCl

O O O
O

NH2+CH3COCCH3 Pyridine NHCCH3+ CH3COH

Mechanism:

O O- O H

CH3CCl CH3C–Cl CH3C-+N

H2 H–N–H H
̈
N

-
H

+

O H

CH3C–N

3. Reactionswithsodium metal
AminesreactwithNawhenheatedtoproduceH2.Thisreactionisonly
possiblewith1o and2o amineswhichdohaveH2.Thetertiaryoneswithout
H2donot.

CH3CH2NH2+Na heat CH3CH2NHNa+½ H2

(CH3CH2)2NH+Na heat CH3CH2Na+½ H2

4. Reactionswithalkylhalides
Aromaticandalkylaminesreactwithalkyhalidestoform higheramines.

CH3NH2+CHCl NH3NHCH3+HCl

CH3NHCH3+ CH3CH2Cl (CH3)2NCH2CH3+HCl

NH2 +CH3Cl NHCH3 + HCl
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NHCH3 +CH3CH2Cl CH2CH3

NCH3+HCl

DIAZONIUM SALTS

These are salts formed from primary aromatic amine when reacted with an
inorganicmineralacid.Theprocessofformingthesesaltsisdiazotization.

Temperatureiscriticalintheformationofadiazonium saltandthetemperature
alwayshastobe<10oC.WhereXisthehalogenor , .NO

-

3
HSO

-

4

X
-+

N
2

Benzenediazonium chloride.

NH2 NC

NaNO
2

Conc.HCl

< C10
o ≡

+

N
l
-

Whatdeterminestheanionistheacidused.

Nomenclature
Diazonium saltsarenamedasbenzenediazonium.

NC≡
+

N
l
-

Benzenediazonium chloride.

H3C 4-methylbenzenediazonium chloride.≡NCl
--

N

NC 2-nitrobenzenediazonium chloride.≡
+

N
l
-

NO2

H3C NN -4-methyl-2-nitro-benzene≡
+

N
O

-

3

Diazonium nitrate.
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NO2

NN≡
+

N
O

-

3

H3C 3,5-dimethylbenzenediazonium
Hydrogensulphate.

CH3

Physicalpropertiesofdiazonium salts
Areacolourlesscrystallinesolidswhichturnbrownonexposuretoair.

Theirsolutionsareneutraltolitmusbutvery solublein H2O togivean ionic
solutionthathasgotgoodelectrolyticconductivity.

Chemicalreactions
Diazonium salts are very usefulin organic synthesis reacting with different
substancestoform differentproducts.

Couplingreaction
Benzenediazonium saltsreactwithphenolstoform brightlycolouredcompounds
knownasazocompoundsbyaddinganaromaticringtothenitronium ionareaction
knownascoupling.

Ar–N=N–Ar or N=N

Azocompounds.

Forcouplingtooccur,thearomaticringmusthaveastrongelectronreleasing
groupssuchashydroxyl,NH2–(amino),ORgroupandNHRgroup.

Thesegroupswillactivatetheringmakingtheelectronsavailableatthepara
positionfordiazotization.

Iftheparapositionisalreadyoccupied,thendiazoti-phenol.

OH + HO N = NCl
-+

N
2

+ HCl
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Phenylamine p-hydroxylazocompound

NH2 + NC H2N N=N≡
+

N
l
-

+ HCl

p-aminoazocompound.

2-napthol HO
(Brightredsolid)

OH + NC N = N≡
+

N
l
-

+ HCl

2-naptholazocompound.

CH3 CH3

+ NC N=N≡
+

N
l
-

CH3 CH3

1,4-dimethylbenzene.

Theimportanceofcoupling
i) Testforprimaryaromaticamines:

IfaprimaryaromaticamineistreatedwithamixtureofNaNO2 andHCl,2-
napthol,abrightredsolidisformedduetothereactionofdiazonium salt
with2-naptholatatemperaturebelow10oC.

ii) Itisusedinpreparationofdyes(colouredcompounds)e.g.methylorange
indicatorispreparedbycoupling4-hydrogensulphitebenzene,diazonium chloride
anddimethylphenylamine.

HO3S NC + N(CH3)2≡
+

N
l
-

HO3S N=N N(CH3)2+HCl
Methylorange.

F OH N=N OH
heat

N2BF4 NC NaO+
≡

+

N
l
-

HBF4 H3PO2
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OH
/ OH

+
H

2

heat
CuBr/HBr O

Br CuCN CN CNH2 NH2

/ OH
+

H
2

heat
CuCl/HCl Br2/KOH

Cl

ConvertNitrobenzenetochlorobenzene
NO2 Cl

Heat Sn/
Conc.

HCl

NH2

NaNO2/Conc.HCl CuCl/HCl
Warm

<10oC

NC≡
+

N
l
-

APPLIEDORGANICCHEMISTRY

1. Polymers(plastic)
2. Lipids–Soapanddetergents
3. Hydrocarbon–petroleum

POLYMERANDPOLYMERISATION
Definition:
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Apolymerisacompoundofhighmolecularmassmadeupofsmallrepeatedunits
known as monomers.These molecules are formed by a process known as
polymerization.

Polymerizationisprocessofcombininglow molecularweightmoleculesrepeatedly
insomeregularmannertoformahighmolecularmasscompound.Inpolymerization,
thelowmolecularmassmoleculesarealwaysknownasmonomers.

Thesearesimplemoleculeswhichwhencombinedcanform adimer,trimerora
polymerwhenmany.

POLYMERS:
Therearetwotypesofpolymersdependingonhowtheyareformed.

i) Naturalpolymers
Arenaturallyoccurringpolymersnotmadebymane.g.cotton,wool,protein,
rubber,starche.t.c.

ii) Artificialpolymers(Synthetic)
Theseareman-madepolymers.
Example: Polythene Polyvinylchloride(PVC)

Polyester Terylene
Nylone.t.c.

Advantagesofsyntheticpolymersovernatural
- Theycanbeproducedinlargequantitieswithinashortperiodoftime.
- Arerecyclable
- Havegotimprovedpropertiese.g.crosslinkagesfortoughness,highdensity

fortensilestrain.

Advantagesofnaturalpolymersoverartificialpolymers
- Theyarebiodegradable
- Theyarecheapsincenoprocessinvolvedinproducingthem.

Propertiesofpolymers
Apolymerisjudgedbysomeoftheseproperties:
i) Thelengthofapolymer

Thisdeterminesitsstrengthandthemeltingpoint.Thelongerthelength,the
strongerthepolymerwouldbeandahighmeltingpointitwillhave.

ii) Crosslinkages
A crosslink isaforce thatjoinsmoleculeswithin apolymer.When a
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polymerhasgotseveralcrosslinkages,itwillhaveanincreasedstrength.

iii) Branching
Increasedbrancheswithinapolymerdecreasesitsstrengthandlowersits
meltingpoint.

iv) Intermolecularforces
Ifapolymerhasgotseveralintermolecularforceswithinitself,thenitwill
haveincreasedstrengththanwhentherearefewintermolecularforces.

CLASSIFICATIONOFPOLYMER

Thereareseveralwaysofclassifyingpolymers:
i) Additionpolymers

Thesearepolymersmadebydirectlyaddingmonomerswithoutlossofany
simplemolecule.
Example:

nCH2=CH2 + CH2=CH2 CH2–CH2 n

(ethene) Polymer(Polythene)

ii) Condensationpolymers
Thesearepolymersmadebycombiningmonomerunitsbutsplittingouta
smallmoleculewhichisusuallyH2O.E.g. Terylene

PET (Polytheneterathalein)

iii) Thermoplasticpolymers
Thesearepolymersthatcansoftenandflow whenheatedandhardenwhen
theycool.Inotherwords,theycanberemoldedintoanyshapebyheat.E.g.
polythene.

iv) Thermosettingpolymers
thesearepolymerswhichwhenheatedcannotmeltbutinsteadburnaway.
Suchpolymerscannotberemoldedsincetheyareinitiallysettoasolid.E.g.
Formica.

Otherterminologiesinclude:
i) Copolymer

A copolymerisatypeofpolymermadebyhavingoneormoredifferent
monomers. E.g.SBR (Styrene Butadiene Rubber).This is made from
styreneandbuta-1,3-diene.
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ii) Afibre
Isaform ofpolymerconsistingofstringsorbundlesofstringsthatsettleup
duringitsformation.

iii) Elastomers
Isatypeofpolymerwhichwhenstressisapplied,andreleased,itsprings
backtoitsoriginalpositione.g.rubber.

ADDITIONPOLYMERIZATION
Additionpolymers
Definition: Additionpolymerization

Examples:
Monomers Formula Polymerandtrade

name

Uses

Ethene

(ethylene)

CH2=CH2 Polythene

(Polyethylene)

Makingbags,squeeze

bottles,films,toys,

mouldedobjects,

shoes,electrical

insulatorse.t.c.

Propene

(propylene)

CH3CH=CH2 Polypropene

(polypropylene)

(Vectra)

Makingbottles,films,

indoorandoutdoor

carpets.

Polypropeneisformedwhenpropeneisheatedatvariouspressuresandcatalytic
temperatures.

CH3CH=CH2+CH3CH=CH2 CH3
hightemperatures

catalyst
highpressure

CH - CH2 n

(Polypropene)

Vinylchloride

(Chloroethene)

CH2=CHCl Polyvinylchloride

(PVC)

-Makingoffloor

tiles.

-Makingpipes,
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raincoats,insulator

tapes.

Bymodifyingethene,severalpolymerswithbetterpropertiescanbeformedby
addinggroupsofatomswitheither–OHgroup(polar)or (nonpolar,giving
polymerssuchaspolyvinyalcoholandpolystyrenerespectively.i.e.

OH
OH

nCH2=CH CH2–CH n
hightemperature/highpressure

catalyst
(Polyvinyalcohol)[PVA]

nCH2=CH2 CH2–CH
hightemperature/highpressure

catalyst
n

Polystyrene(PS)

Styrene CH2=CH Polystyrene

(Styreform)or

styrone

Makingfoodanddrink

containers,coolers,

constructionmaterials,

mattressese.t.c.
Acryonitrile CH2=CHCN Polyacrylonitrile

(Acrilan)

Fabrics,rugse.t.c.

Vinylacetate CH2=CHOCOCH3 Polyvinyl

acetate(PVA)

Latex paint, coatings,

textiles,adhesives.

Emphasis: Structureofthepolymeranditsmonomer.

1. H Cl OCOCH3

CH–C–CH–C

Cl OCOCH3H n

Polymer

Rulesofwritingmonomersfrom polymers
Examinewhetheryouaregoingtoseetherepeatingunits.
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CH=CHOCOCH3 (Monomer)

2. CH2–CH=C–CH2

CH3 n
Polymer

Monomer
CH2=CHC=CH2 (2-methylbuta-1,3-diene)

CH3

HIGHDENSITYPOLYTHENEANDLOW DENSITYPOLYTHENE(HDPE& LDPE)

On the otherhand,ifethene is polymerized giving branches,itwillend up
producingalow densitypolymerof0.92g/mcandthispolymerwillbeknownas
LDPEwhichissoftandflexible.

CONDENSATIONPOLYMERS
Theseareformedbysplittingmonomerstoeliminateasmallmoleculewhichis
usuallyH2O.Thisreactionisknownascondensationreaction.

Theempiricalformulaofthepolymerincondensationpolymerizationisnotthe
sameasthatofamonomer.

Example:
i) Polyester(Dacron)

Areformedbyreactingacarboxylicacidandanalcoholmonomerstoform a
polyesterandH2Omolecule.E.g.
Benzene-1,4-dioic(Terathepthalicacid)andEthane-1,2-diol.

O O O O

nHO–C COH+HO–CH2CH2OH O C C–OCH2–CH2 n

+H2O

Usesofpolyesters
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- Usedinmakingoftextilefabrics.
- Makingfilms,magneticcoatedfilmsusingaudioandvideotapes.
- Inheart/cardiacoperationstoreplacesomeheartbloodvesselsbecauseitisnon

toxic,inertandnoninflammatory.

Otherexamples:
O O O
O

C C–Cl+nHOCH2CH2OH Cl C C–
Cl-

Cl

O O Cl

O C C–O–CH–CH2 nO Polymer

Monomer

O O

HO–C C–OH andClCHCH2OH

OH

Polymer
O O

C C–CH2C–O–CH2–CH–CH2 nO

Monomer

O O

HOCCH2C–OH and HOCH2CHCH2OH
Papan-,3-dioic

2-phenylpropane-1,3-diol.

ii) Lacticacid(2-hydroxypropanoicacid)polymer
Isapolymermadeupofonemonomerof2-dydroxypropanoicacidwhich
undergoes self condensation. The uses of this polymer are of great
importanceinsurgeryandstitchingbrokendeepwounds.
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Theadvantageisthatthepolymerthreadsgetdissolvedinthebody.

O O

nCH3CH–COOH O–CH–C O+H2O

CH3 n

O

O–C–C–O H.HO OC–CHCH3

CH3 O H

HO OC–CH–CH3

OH

O O O

O C–CH–O–C–CH–O–C–CH OH

CH3 CH3 CH3 n

iii) Polyamides
Theserepolymersformedbycondensingadicarboxylicacidorcarboxylic
acidchloridewithadiaminetoform anamidebondorlink.

Examples:
Ethane-1,4-dicarboxylicacid
Hexane-1,6-diamine
Ethane-1,2-dioic

OO

H2N-(CH2)4NH2+HOCC–OH

H H O O

N–(CH2)4–N–C–C nO + H2O

Peptideoramidebond.

Otherexamples
i) Nylon-66:

IsapolymerofHexane-1,6-dioicoritsacidchlorideandHexane-1,6-
diamine.Itiscalledsobecauseitsmonomersaremadeupof6carbonatoms
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each.

O O

H2N–CH2(CH2)4CH2–NH2+HOC-(CH2)4C–OH

O O

Cl–C–(CH2)4C–Cl

H H O O

N–CH2(CH2)4CH2–N–C–(CH2)4–C nO

Uses:
- Madeofhighqualityfabricforthemakingofclothes.
- Usedinparachutes.
- Usedinmilitarygear.
Theadvantageofnylon-6,6isthatithasgotagoodtensilestrength,H2O
repellant,however,ithasgotadisadvantageofburningeasilywhenputon
fire.

Polymer

O O H H

O C–CH=CH–C–N–CHCH2-N
n

Monomer
O O

HO–CCH=CHC–OH and H2N(CH2)2NH2

But-2-ene-1,4-dioic Ethane-1,2-diamine

Polymer

O

O C–CH–C–N–CH–N
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O CN H H n

O

HOC–CH–C–OH and H2N–CH–NH2

O CN
2-cyanopropane-1,3-dioic 2-pl

NATURALPOLYMERS
Thesearepolymersnotmadebyman.

Examples:
Cotton

Wool (Polyamides)

Proteins

Carbohydrates (Polysaccharide)

Lipids (Polyesters)

Rubber

RUBBER

NATURALRUBBER
Isapolymerof2-methylbuta-1,3-dienewhichissimplyknownasisopreneunit.

Naturalrubber is obtained from the rubber tree.Naturally,the rubber tree
polymerizestheisopreneunitsbylinkingcarbon1andcarbon4andthisleavesa
doublebondbetween carbon 2 andcarbon 3 which doublebondisin acis–
configuration.

CH3 CH3

C CH2 + C CH2

H2C C H2C C

H H
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CH3

CH3

C
CH2 C CH2

CH2 C
CH2 CH

n
Rubber

OR:
CH3

H2C–C=C–CH2

H n

Naturalrubberisweakduetoafew crosslinkagesandthereforeitislesselastic
butitcanbeimprovedbytheprocesscalledVulcanization.

Definition:
Vulcanizationisaprocessofmakingrubber,hard,toughandresistanttowearingso
thatitismadeuseful.Thisisdonebycrosslinkingmonomersusingdisulphide
bonds,S-S-bridgelinkage.

Whenrubberisheatedwithsulphur,itformsS-Slinkageswhichmakeittough.
Naturalrubber

CH3 H
CH2 C

CH2 C CH2

C=C CH2

CH2

+S

CH3 H CH2 CH3 H
C – C–CH2 C

CH2 C CH2

S S S S

S S S S
CH2

C C CH2 C C
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CH2 CH3 H CH CH3 H
Vulcanizedrubber

Vulcanizedrubberisusefulinthefollowingways:
- Manufacturingofcarlyres
- Manufactureofballs,bags,shoesolese.t.c.
- Usedioninsulatione.t.c.

Syntheticrubber
Theknowledgeofcompositionandstructureofrubberhasgivenrisetosynthetic
rubber.Thishasmade polymerby polymerizing elastomersto give rise to a
copolymerwhichhasgotsomepropertiesofnaturalrubber.

Oneoftheexamplesis:
Stfrenbuta-dienerubber(SBR)whichismadebypolymerizingbuta-1,3-dieneand
styrene.

nCH2=CHCH=CH2+n CH=CH2

buta-1,3-diene Phenylethene

CH2–CH=CH–CH2–CH–CH2 n

FATSANDOILS

-Triglycerides/trimesters
- Differencesbetweentheoilsandfats
- Componentsofatriglyceride(glycerolandfattyacid)
- Saponification
- Additivesofsoap
- Propertiesofsoap.

FATSANDOILS
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Fatsandoilaretrimestersmadefrom glycerol(propane-1,2,3-triol)andlong
chaincarboxylicacidscalledfattyacids.TheR–groupsoftheacids,whichcanbe
thesameordifferentwithinthesamemolecule,canbesaturatedorunsaturated,i.e.
theymaycontainoneormorecarbon-carbondoublebonds.

COMMONFATTYACIDS
Name Numberofcarbonatoms Formula
Saturatedacids
Butanoic C4 CH3CH2CH2CO2H
Lauric C12 CH3(CH2)10CO2H
Myristic C14 CH3(CH2)12CO2H
Palmitic C16 CH3(CH2)14CO2H
Stearic C18 CH3(CH2)16CO2H

Unsaturatedacids
Oleic C18 CH3(CH2)7CH=CH(CH2)7CO2H

Linolenic C18 CH3CH2CH=CHCH2CH=CHCH2CH=CH(CH2)7CO2H

A fattyacid– R groupmaybeunsaturated,monounsaturatedorpolyunsaturated,
dependingonwhetheroneormoredoublebondsispresent.

O

CH2–OH CH2–O–C-R
O O

CH–OH + 3RC–OH CH–O–C–R + 3H2O
O

CH2–OH CH2–O–C–R
Glycerol Fattyacid Fatoroil

TRIGLYCERIDES(Triesters)
Commonfatsandoilsmadeofaglycerolandfattyacids(actascomponents).
Triglyceridesconsistofthreefattyacidsandoneglycerol.

FATTYACIDSANDGLYCEROL
(Componentsofatriglyceride)

GLYCEROL
Isapolyhydricalcoholmadeupofthreecarbonatomsand3hydroxylgroups.Itis
thereforeasmallmolecule.
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OH H H
H

HOCH2–CH–CH2OH Or H–C–C–C-H

OH
OHOH

Glycerol

FATTYACIDS
Afattyacidisalongcarbonchainmoleculeconsistingofacarboxylicacidgroupat
oneend.Thelongcarbonchainmakesittobehydrophobicandthecarboxylicacid
groupmakesittobehydrophilic.

i.e. CH2 CH2 CH2 COOHHydrophilicgroup

H3C CH2 CH2 CH2

Hydrophobictail(group)

Iftherearenodoublebondinthehydrocarbonchain,thenthefattyacidissaidto
besaturatedfattyacid.
Example: Stearicacid(Octadecanoicacid)

CH3(CH2)16COOH

Startedfattyacidsfrom straightchainsandtheirphysicalstateislargelysolidat
room temperaturebecauseoftheirhighmeltingpoints.

Ontheotherhand,fattyacidsthathavegotoneormoredoublebondswithinthe
hydrocarbonchainaresaidtobeunsaturatedfattyacids.

Example:
Oleicacid(Octadec-cis-a-enoicacid)
C18–[CH3(CH2)7CH=CH(CH2)7CO2H]

CH2 CH2 CH2 CH2 CH2 CH2 CH2

CH2

H3C CH2 CH2 CH2 CH CH CH2 CH2

CH2 COOH

Thepresenceofadoublebondinthehydrocarbonchainresultsintotheformation
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ofabend,whichpreventsthemoleculesfrom closepackingresultingintothefatty
acidshavinglowmeltingpoints.

Thosewithtransdoublebondwilltendtohavefairlystraightorlinearcarbonchain
andthemoleculeswillcloselypackeasilywithhighmeltingpointsmakingthem
solidsatroom temperature.

Fattyacidswithmorethanonedoublebondarecalledpolyunsaturatedfattyacids
(PUFAS).

Example: Linolenicacid–C18.

CH3CH2CH=CHCH2CH=CHCH2CH=CH(CH2)7CO2H

SPONIFICATION

Saponificationistheprocessofmakingsoap.

SOAPSANDDETERGENTS
SOAP
Soapissodium orpotassium saltoflongchaincarboxylicacidsobtainedbyboiling
fatoroilwithNaOHorKOHsolution.

MANUFACTUREOFSOAP
Oilorfatisputonapan,sodium hydroxidesolutionisaddedandthemixtureboiled.

Sodium chloride(Common salt)isaddedtoprecipitateoutthesoapaprocess
knownassaltingout.Soapprecipitatesoutasahardcake.

Itisthenremovedandprocessedintovariousshapes.Perfumesanddyesarealso
addedtoaddvaluetothesoap.

O

CH2–O–C–R CH2–O–H
O
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O

CH–O–C–R + 3NaOH CH–O–H + 3RC- N
̅
O a

+

O

CH2–O–C–R CH2–O–H Sodium stearate
Glycerol/stearate Glycrol (Soap)
(afat)
R=(CH2)16CH3

SOURCESOFOILS
i) Vegetableoils:

These can be obtained from cotton seeds,sunflower,simsim,castor,
groundnutse.t.c.

Inextractionofvegetableoilafterremovingthehusks,theseedsarethen
crushedinpowerform andthenboiledwithH2Oforsometime.Theoilfloats
ontopoftheH2O.

ii) Animaloil:
Theseareestersobtainedfrom animalse.g.from whale,fish(sardines)and
lardoil.

SOURCESOFFATS:
i) Vegetablefats:

Areobtainedfrom plantslikecoconutorpalm trees.

ii) Animalfats:
Areobtainedfrom animalse.g.butterfrom milkandlard.

Usesoffatsandoils
- Areusedforfood.
- Inthemanufactureofsoap,candlesandhairoils.
- Inthemanufactureofpaintsandvanishes.
- Groundnutoilisusedtomakevegetableghee.

DISADVANTAGESOFUSINGORDINARYSOAP

Soapformsscum withhardH2O.HardH2OcontainsdissolvedCa2+ orMg2+ which
reactswithsoapforminginsolubleCa2+ saltcalledscum.

O
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2RCONa(aq)+Ca2+ (RCO )2Ca2+
(s) + 2Na+

(aq)

̅
O

O

2C17H35CONa(aq) +Ca2+
(aq) (C17H35COO)2Ca2+

(s) +2Na+
(aq)

Formationofscum isexpensiveinthatmuchsoaphastobeusedtoproduceenough
laterforwashing.

Italsostainsclothes.

THECLEANINGACTIONOFSOAP

A molecule ofsoap containsa waterloving partwhich ispolarCO called
̅
O

hydrophilicpartandthenonpolarwareinsoluble(dirtsoluble)partR–CH2 called
thehydrophocicpart.

Duringwashing,thesemoleculesaredispersedandtheyform asphericalcluster
aroundgreaseordirtcalledmicellewiththepolarendattractedbyH2O.Thedirt
combineswiththehydrophobicpartwhileH2Odissolvesinthehydrophilicpart.

AsH2O moleculesattractthepolarend,thesurfacetensionofH2O islowered.
Repulsionbetweenthepolarendofsoapandrinsinghelpremovethedirt.

DETERGENTS
Syntheticdetergentssolvetheproblem ofscum formation.

Syntheticdetergentsaresurfaceactiveagentsandarecalled“soaplesssoaps.”

Likesoap,detergentscontainbothhydrophilic(H2O soluble)andhydrophobic(oil
solution)parts.

Anexampleofadetergentisalkylbenzenesulphonatesi.e.

CH3–(CH2)n–CH2 Na+SO
-

3

However,themajordisadvantageofalkybenzenesulphonatedetergentsitthat,
they contain so many branches which are non-biodegrable and this can be
dangerousifre-suppliedintodrinkingH2O.

Thiscanbesolvedbymakingdetergentswithnobranching(i.e.linearalkylgroup).
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TYPESOFDETERGENTS
i) CATIONICDETERGENTS

These carry positive headse.g.hexadecyltrimethylammonium bromide.
Theyaremadebyreactingamineswithalkylhalides.

Theyareusedinmakingairconditioners.

Example:
C15H31CH2NH2–Br+3CH3Br C15H31 N(CH3) +2HBrCH

+

2
Br

-

InH2Oitbehavesas;

C15H31 N(CH3) C15H31 N(CH3)3+CH
+

2
Br

-
CH

+

2
Br

-

ii) ANIONICDETERGENTS
Thesecarrynegativeheads.Theyaremadefrom benzenebyalkylation,
sulphonation and neutralization reaction e.g. sodium-4-dodecyl benzene
sulphonate.

Theseareusedinthemanufactureofbothpastesandshampoos.

Anionicdetergentscanalsobemadefrom straightchainalcohol(C10–C14)

iii) NON-IONICDETERGENTS
TheseareneutralinH2O i.e.theheadcarriesnochargei.e.theyarenot

dissociatede.g.CH3(CH2)10CH2 – (OCH2CH2)8
–

OH,ethoxylatemadefrom
longchainalcoholswithethoxides.

Example:
CH3(CH2)10CH2-OH+8CH2CH2 CH3(CH2)10(OCH2CH3)8–OH

O
Theyareusedasliquiddetergents.

Theactionofdetergentscanbeimprovedbyadditionofthefollowingwhich
constitutethebulkofthedetergents.
a) Inorganicphosphates: Areaddedtosoapstoremoveanysoluble

Ca2+ orMg2+ inH2OasCa2+ orMg2+P .O3-

4

b) Sodium peroxoborate: Thisisaddedtoactasableachingagent.
Theymakeclothesappearbright.TheyreleaseH2O2 inH2O which
bleaches.
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c) Sodium sulphate: Thisisaddedmainlytoincreasethebulkofthe
powder.

Note:
i) Themajordisadvantageofdetergentscontaining phosphatesisthatthey

causepollutioninrivers,dams,andlakes.(Phosphatesareusedasfoodby
algaesotheirpresencepromotethegrowthofalgaecausingfoamingofH2O
thuspollutingit.

ii) DetergentsarebetterthansoapsbecausethecanbeusedinanytypeofH2O
i.e.thereisnoformationofscum.

END


