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A simplified, well elaborated and illustrative approach to Organic Chemistry

Preface
The authors have an inexorable curiosity in streamlining the chemistry concepts that

majority of the students in Uganda consider a nut to crack.

They have taught Chemistry and Mathematics in various schools in Entebbe, Kampala,
Wakiso, Mbarara, Bushenyi, Mukono, Buikwe and Butambala. This means that they have

- analysed the problems students at A’ level face in Chemistry.

This organic chemistry collation has been substantially organised and fully compatible with
the NCDC Chemistry syllabus-2013.

The authors are contented thar this edition contains more than enough material as regards

A’ level organic chemistry and the subject matter has been arranged and structured so chat
it can be rackled by students of different abilicies. We have tried our best using our versatile

expetience to make book quite informative as well as simple and lucid.

The conceprs are illuscrared with a good pumber of examples involving the synthesis and

reaction mechanisms of the organic compounds.

A large number of worked our examples and exercises have been given at the end of each
topic- We are sure thar this book will be equally useful to teachers and students and quite

sure thar the book will cater for the exact requirements of students as they prepare to sit for
UACE examinations.

Indeed, chis book is viral for a student to teach him/herselt even in absence of a teacher.
However, the teacher is as well viral in cases where you may not well interprer the content.

The authors have tried to link organic chemistry wich inorganic and physical chemistry

concepts where they felt it was necessary.

Variery of examples are given, more than one method of solving a problem illustrared and

a diversity of typical examinable revision questions in each subropic but no answers such

cthar research and consulration is enhanced.

Also feel free to contact the authors using conracts orsocial media platforms art the back

cover of the book for clarity, recommendacions, guidance or advice.

This is the only organic chemistry book that you will not reevet tw huave come across.
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C hapter ].

| Introduction to

Organlc Chemistry

Orgzuuc chemistry is a branch of chemistry which deals with the study of the chemistry of

carbon and it compounds except its oxides, carbonates and hydrogen carbonates. Most
.~ carbon containing compounds also contain hydrogen and make. the majority of the
compounds known to exist than the compounds formed by any other element. Most foods,

fuels, clothes and many other things we use in daily lifc arc mainly made of carbon.

1.1  Occurrence of carbon

Carbon, the sixth most abunda.nt clcmeut in the universe has been known since ancient times.

Carbon is an allotropic element forming both amorphous and crystalline allotropes. In ics

:zamorphous form, it maialy exists as coal and wood charcoal. Other amorphous forms include

sugar charcoal, coke, animal charcoal and many others.

1. Coal

~ Coal is. mainly made up of carbon with variable amounts of other clements such as hydrogen,

oxygen, sulphur arid oxygen. The first stage in formation of coal is peat furmatmn

Peat is a black spongy. material formed by partial decomposition of plant material. Pear naturally

occurs in bogs, mires, muskegs or moors.

Peat is mainly used for stimulacion of plant ¢ urowth and root deveiopmenc, as a fuel when dried
and in making coal:

Coal is in curn used asa fuel, generation ofelecmctw. metal production like aluminium and coppes

after conversion into coke, cement production and many other applications.

2. Wood charcoal

This is che form of carbon formed by heating wood in a limited amount of oxygen to remove warer
and other volatile constituents.

[t is also used as a tuel, to adsorb gases and puritying liquids.
1.2 Uniqueness of carbon

Carbon is a unique element both in Group 1V; where it belongs in the Periodic Table, and in
comparison to many other elements.

The uniqueness is because of;

o the very small ardmic radius of carbon aiom

o the very high electronegativity of carbon
*  u maximum covalency of four

the high bond energies of the C — Cand C = H bond:
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The last particular reason explains why carbon forms so many more compounds than any other

element. A
The following are some of the ways in which carbon behaves uniquely as compared to many ocher

elements:
(i) Carbon has the ability to form long chains of carbon atoms.
This is called catenation. The chains of carbon atoms may exist as short or long chain open systems

and with several modes of branching. For catenation to occur for any element, it should have a

valency of at least two and must be able co form fairly strong covalent bonds with its own

acoms.

Since carbon has a valency of four, catenation occurs for the element.

(ii) Thc element can also form multiple bonds between itself and- atoms of other

elements.

- These include carbon-carbon double bonds, (C=C)and carbon-carbon triple bonds (C=C) or

bonds between itself and other elements such as oxygen (C = 0), sulphur (C = §) and nicrogen

(C=N). .
Carbon can also form rings of carbon aroms and branched chalns DF carbon atoms.
N S o |
C
N C

W
12 B I
\C/ N AN

:

1.3  Hybridisation of carbon ,
Hybridisation of carbon is the mixing of 25 and 2p-orbitals through promoting a 2s-electron to a 2p-
suborbital of carbon, when it is combining with other elements. - '
[n the ground state, carbon with electronic configuration 15225%2p? seems to have a covalency

of two since the atom has only two unpaired electrons.

1s 25 . 2p

KAniEnERE

Carbon atom in ground state

However, when carbon combines with another atom, sufficient energy is acquired for the un-

pairing of the 2s electrons. The atom then gers unpaired electrons and shows a covalency of

four.

1s 25 2p
KRR
AARREREEEEAR
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1.  sp® hybridisation
All carbon-carbon single bonds are sigma () bonds formed by sp3hybridisation.

A sigma (o) bond is a single covalent bond formed by overlap of s and p-orbitals. This occurs after
blending of the 2s electrons with the three 2p electrons to form four exactly similar orbitals.

Since these orbitals are formed from the .hybridis'ation of one § and three p orbitals, they are
called sp? hybrid orbitals. '

15 28 2p

ARENEERE

- sp? hybrid orbitals

Corbon atom in excited state

In methane (CH,), the carbon atom is sp* hybridised and each hybrid orbitals OQérIaps with the.
s-orbital of each of the four hydrogen atoms. i

s ' 25 2p
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_ Excited Carbon atom in CH, :
Where -*represents.the electrons contributed by each of the four hydrogen atoms
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2. sp? hybridisation

All carbon-carbon double bonds for example in ethene consist of one sigma bond and one pi-
bond formed by sp? hybridisation. 7

A pi(T) bond is a covalent bond formed by lateral overlap two parallel p-orbitals of adjucent atoms.
This involves hybridisation of the 25 orbital and two 2p-orbitals, torming chree sp® hybrid

orbitals of equivalent energy leaving 1 single Zp-orbiral unaftected.

Dewmystifving Organce Chemustry




A simplified, well elaborated and illustrative approach to Organic Chemisiry

! 1s 25 | 2p
AREERERERE -
. b AJ 4 ;f
‘ sp? hybrid orbitals = -
_  oneporbital unaffected ‘
i In ethene (H,C = CH;), two of the sp? hybrid orbitals form sigma bonds with the 1s-orbitals of
l‘i hydrogen. The remaining s_p2 hybrid otbital forms a single bond berween the carbon atoms. The
H unhybridized (unaffected 2p-orbiral) forms a pi-bond between the carbon atoms.

H\U . cyH

. C = C

N

‘H

3. sp hybridi?ation _ ‘
All carbon-carbon triple bonds for example in ethyne consist of one sigma bond and two pi- bond
formed by sp hybridisation. This involves hybridisation of the 25 orbital and one 2p-orbiral,

forming two 5p hybrid orbitals of equivalent energy leaving two 2p-orbitals unaffected.

1s 25 ‘2p
RN

sp hybrid

orbirals

Two p-orbrals

i} unaffected

i o
2t .
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A simplified, well elaborated and illustrative approach to Organic Chemistry
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Note

The bond lengths and relarive bond 'stréngths of carbon-carbon bonds are different. The carbon-
carbon single bond in ct-har}é is the longest and-weakest followed by the carbon-carbon double

bond in ethene and the carbon-carbon triple bond in ethyne is the shortest and strongest.

Bond Bond lengeh(nm) Bond energy(kfmol)
c-c . ok B
‘c=¢ 0o 681

C=C 0.120 | 815

The differences in bond strength are due to the much greater degree of overlap of the atomic

ocbitals involved in formation of the sigma bond than the pi-bond. >

1.4  Aliphatic and aromatic organic compounds

’ Alz’pbaﬁc compounds are organic compounds possessing open chains of carbon atoms. The open chains

of organic compounds may have the cacbon atoms joined in straighe chains or branched chains
and may have carbon-carbon single, double or triple bonds.
For example:

Aliphatic compound Name
CH]CH2CH2CH3 Bi.ltaflf.’
CH,CHCH,
' ' 3-.\f‘f€thvlpropan€
CH, ' |
CH;CH = CHCH; ) Buc-2-ene

H,C = CH(I: = CH,

CHy
CH,C = CCH;4 But-2-yne

2-Mechvlbuea-1,3-diene

Note: Aliphatic compounds usually burn with a blue or vellow non-sooty flame.

Dazmwvitifveng Organce Chewtistiy
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A simplified, well elaborated and illusirative approach to Organic Chemistry

Aromatic compounds are arganic compounds possessing 4 benzene ring. They include benzene itself,
benzene derivatives'and many others.

Examples include:

Aromatic compound Name

:B.S?ﬁié.ﬂc : Sl

Methylbenzene

Note: Aromatic compounds usually burn with a sooty flame because of a high carbon content.

However, there are organic compounds that contain rings of carbon atoms other than the

benzene ring, These are called alicyclic compounds. They contain three or more carbon atoms.

For example: - ' : ‘

A[icyclic‘gcofﬁj—)ound .. Name

Cyclop Eppine

Cyclopentene

‘ Cyclohexane

1.5 Terms used in organic chemistry

1. Hydrocarbons

These are organic compounds containing carbon and hydrogen atoms only. Hydcocarbons are grouped

s saturated hydrocarbons and unsaturated hydrocarbons.

Saturated bydmcarbom are compounds containing only carbon-hydrogen and carbon-carbon iingle

bonds. They include all alkanes. )

Unsaturated hydrocarbons are compounds containing carbon-carbon multiple bonds. They include

alkenes, allynes and aromaric hydrocarbons.

The satucared hydrocarbons are called so because chey contain the maximum aumber of hydrogen

atoms thar the carbon compound can possess.

The unsaturaced hvdrocacbons are called so because they possess fewer than the maximum number

of hydrogen atoms, and they are capable of reacting with hydrogen undler the proper conditions.

K. J. Jobs & N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

2. Homologous series

A homologous series is a set of organic compounds with similar chemical properties and in which one
member differs from the next by an additional methylene ( —CHy—) group.
The individual members of a homologous series are called homologues.

Considering the series of alkanes, for example, whose general formula is CuHp 4, the first four
homologues ace shown below:

n Molecular formula Structural formula Name
1 T CH, CH, . . Methane
2 C,Hg CHiCHy Ethane
3 s Gl CHiCH,CH; ~ Propanc
4 1   CHy CH,CH,CH,CH;  Butanc

‘Characteristics of a-homologous series

SN NSNS

Members have a general formula. For example, C,yHzp 7 for alkanes, €pHy, g for allynes.
All members have similar chemical properties

-Each member has similar methods of preparation to other members

Each member differs from che next by a methylene group( —CHz-).

1
H
I

i

v.;=As each methylene group is added(as molecular mass increases) the physical properries l1l{f: ;
_ melting and boiling points of the members change slightdly.
=, ¥ »Members of the same homologous series have the same functional group.

3. Functional group

*

Each homologous series is characterized by a functional group.

which determine the principal chemical properties of the series.

The table below shows homologous series, their general structural fFormulae and functional

groups.-

Note: R represents an alkyl o group in each case.

R may be the same as R orR

or all alkyl groups may be different.

- A functional group is a group of atormns or bonds common to a series or a family of compounds and

Denystifving Orgouie Chemdstry

Homologous ~ General formula  Structural formula  Functional Name of
series group functional
growp
Alkanes CnH2n+é‘ where RH No ﬁlnc:lomﬁzfl;roup |
n=1 '
Alkenes CoHzp where RCH = CHR’ c=C Carbon-carbon
' n=>?2 _ double bond
Alkeynes CoHaq_7 where RC = CR’ c=¢C Carbon-cacbon
n=2 ceiple bond

[o
$
‘G .
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X
Q
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A simplified, well elaborated and illusirasive approach to Organic Chemistry

Alcobols
Alkanols

Alkylhalides

Ethers

Aldehydes

or Albanals

Ketones

' AZEiinanes

Carboxylic -

acids

Primary

amings

or CnH2n+10H
| wheren 2 1

"W‘he:c n > land

L | c.nH2n+10
-where n = 2
- CyHzq41CHO

or  CoHyns2CO

- wheen=2.

CnH2n+1COOH

CnHZnHNHZ

CyHans1CONH,

Primary amides

_Cn‘H?.n.-"I-lx

iX=CLBrorl

ROH or R(IIHO_H
Rr
RH

|
RCIIOH

or

RI’

* RXor - RCHX i
S

or -
l .
~RCX

Y

n
RCH

0
e RCR

RCOOH
or

R— C-0H
R"'NHZ

RCONH,
Qr

o
R- C—NH,

- bond

—0H Hydroxyl
group
C —X L “Carbon-halogen
_ y bond.
Heice v .
C= CI "% Carbon-chlorine

bor_;d_' o
c i, L Carbon-iodine _
L P bond
-0- - Oxygen atom

5 - :'\;_,;; ) Carbonyl

‘O " Carbonyl
_ P: - group
R Carboxyl group
—C~—0H
—NH, Amino group
0 Amide group
il .
_C - NH,

.. * 7 Carbon-bromine

- ra




A simplified, well elaborated and illustrative approach to Organic Chemisiry

Specific reagents. can be used, in the laboratory, to test for the different functional groups as
indicated in the table below:

Functional Reagent(s) and Reaction equation(s)
group observations '

(i) Bromine w:

oi;sé_r"vafiaﬁi,
' Reqidi;h-[h’q:ﬂn g

turns colourless ;.

olution

- (i) Braniz'm_r in -pff;ez;;e of
Carbon- tetrrzc/alarﬁmethéné I
carbon , Observation ... . . o :

double bond -;Reddislz-brm'un-" solution.. '-:’C=C\ + Br, L,

- turns colourless '
- Other reagents like al/edliﬁé

potassium pénnanéanate ‘
solution ot . acidiﬁed |

potassium  permanganate, -

E CamScanner

solution can also be used to:

test for the carbon-catborr

ke " double bond. =~ - "

Carbon-  Same as for catbon 0’ -
carbon friple  carbon double bond. For
bond example: | . , 51’»

(i) Bromine in presence of /C =€+ 2Br, — > (;' - L=
tetrachloromethane 7 Br  Br
Observation
Reddish-brown  solution

turns colourless

< DEMYSTIFYING Organic Chemisiry: K.J. Jobs & N.N. Hyper

Reagent: Sodium Metal
Hydroxyl  Observation oH . SNa* + 1 ’
group Bubbles of a colourless gas : na Tt

Reagenc: Magnesium

- |
-C-C + Mg—Dryether, - € MgCl

| Carbon- turnings in presence of dry I
halogen bond  ether -C-Br + Mg—Rreether, ﬁ) MgBr

| .
A cloudy solution is formed ~C-1 + Mg-Lryether , — (I: Mgl

Demystifyivig Orgoce Chemdstiny
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A simplified, well elaborated and illustrative approach to Organic Chemistry

‘Reagent: Brady’s reagent

Carbonyl | Qbservation -

group Yellawprgc;}um“ :

£ o . e,
X : yellow precipitate
Reagent: Sodium carbonate . —COOH + NaHCO; —» —~Co0Na* +CO; + Hgd
Carboxyl | solution or sodinm hydrogen -~ or
o | carbonate solution . - . L
group | carb AT 2(~COOH)" + NapCO; — % 2(~COONa*) +COp +1H:0

Observation
Bubbles of 2 colourless gas
Reagent: Concentrated

Primary ,bjdmchloric acid ;NHZ +HCl —— NH;C1™

amine ‘Qbservation: .
Dense white fumes.
4. 'Isomerism ' "

Fsomerism is the existence of different compounds with the same molecular formula bus different

structural formulae.
Isomers are compounds that have the same molecular formula but different structural formulae.

There are two main types of isomerism. These include structural isomerism and stereo

isomerism.

(a) Structural isomerism '
This is the existence of more than one organic compounds with the same molecular formula bur different

structural formulae due to different arrangement of carbon atoms in the carbon chain.
There are three types of structural isomerism. These include:

» Chain isomerism ' 7

s Posicional isomerism

+ Funcrional group isomerism

(i) Chain isomerism
This is the existence of two or more 0 mposnds with the sume molecular formula, surne funcrional group

and belonging to same homologpus ieries but with different soructural ﬁirmulue due w different

arrangement of carban atoms in the carbon skeleton.

K. . Joby & N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry
For example, CgH14, has the following chain isomers:
Structural formula of chain isomer Name of isomer
CH,CH,CH,CH,CH,CH; Lo w0 n-Hexane -
CH;CH,CH,CHCH,
| 2 — Methylpentane
CH3 ' -
CHgCHCHCH:; Lo ’ 2,3 - Dimethyibutanc C
! B A -
CH,
ﬁ:H? . .. n
CH, CHZCHCH:; : - 2,2 = Dimethylbutane ;;S_‘\
© : o | 2 5
CH 3CH2(|:HCH ,CH; “:3 — Methylpentane 5 ﬁ
CH, o 1E
. o U
¥
(i) Positional isomerism S EE
L .+ This is the existence of two or more organic compounds with the same molecular formula but differ by g
the position of the functional group on the same carbon skeleton. -é'
T . Fot example C3HgO has the following positional isomers: ’ o3
, Structural formula of isomer Name of the isomer go
n T Q
CH5;CH,CH,0H Propan-1-ol %
CH,;CHCH,4 E
€0 I =
. . DH . Propan-2-ol 0
3
C3H;Cl has the following positional isomers: Q
mt - Structural formula of isomer - Name of the isomer
CH;CH,CH,C1 I — Chloropropane
CH4CHCH,
' |
cl 2 — Chloropropane
C4Hg has the following positional isomers:
Structural formula of isomer Name of the isomer
oup | I CH3CH”2'C.H.= CH, " But-l-ne o
rent
CH,CH = CHCH, Buc-2-ene
Note: Positional isomers have iimilur chemical properties.

: - Dewystifying Orvgane Chewmistiy
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A simplified, well elaborated and illustrative approach to Organic Chemisity

(iii) Functional group isomerism

This is the existence of nwo or more compounds with the same molecular formula but different functional

gTDIiPJ.

For example C;HgO has the following isomers:

Structural formula of isomer

Name of the isomer

CH,CH,OH
CH,0CH;

Ethanol

Mechoxymcthane (Dlmethylcther)

Therefore alcohols are isomeric to ethers.

C;HgO has the following isomers:

Structural formula af isomer

Name of the isomer

0
I

CH, C CH;y

i
CH;CHZCH

+ Propanone

Propanal

~Therefore ketones are isémeric €0 aldehydes

C4H302 has the following isomers: .

Structuml formula af isomer

‘Name of the isomer

CH; CH,CH,COO0H
CH,CO0CH,CHs
CH,CH,COOCH,
HCOOCH,CH,CH,

Buranoic acid
Ethyl echanoate
Methy! propanoare

Propyl methanoate

Therefore carboxylic acids are isomeric to esters

Alkenes are also isomeric to cvcloalkanes. For example. C3Hg has the following isomers:

Structural formula of isomer

CH,CH = CH,

Name of the isomer

Propene

Cyclopropane

| K.J. Joby& NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemisiry

(b) Sterecisomerism
This is the existence of compounds with the same molecular formula and the same structural formula
but differ by the spatial arrangement of atoms.
There are two types of stereoisomerism which include:
s  Geometrical isomerism
¢ Optical isomerism
(i) Geometrical isomerism
This is the existence of compounds with the same molecular formuln and the same structural formula
but differ by the prevention of free rotation around at least one double bond in the compound.

.- The nomenclature of ¢is is often used when identical substituents are on the same side of the double

bond and #rans when they are on opposite sides.

For example: -
H3C\ /CHz HJC\ /H
L= C\ . /C = C\
H H H CH;
cis —Bur-2-ene _ trans —Buc-2-ene
HOOC,  ,COOH @ HOOC,  H
o =l C=C¢
/7. A Y e Vd S\
g - H . H COO0OH
o cis —~Buienedioic acid - trans — Burtenedioic acid

Note: Geometrical isginers have different chemical and physical properties.

(i) Optical isomerism

This is the existence of compounds with the same molecular and structural formulae but one is not
superimposable upon the other.

For example, the oprical isomers of butan-2-ol are:

H i H
) : !
C\ /,C
N OH  HO™ / ™S
CH;CH, ; CH,CH,
CHy © HyC

Note: The two mirror images cannot be superimposed upon each other.

Deviyibifveng Organic C hewtistiy

-"‘“O‘-; K.J. Jobs & N.N. Hyper

E CamScanner

_.g
3
O
X
Q
3
3
N
<
Q
Q




Jsuuesswe) 5

A simplified, well elaborated and illustrative approach to Organic Chemistry

1.6  Types of organic reactions

1.  Substitution reactions

These are reactions in which an atom or group of atoms in a malecule is replaced by another atom or

group of azoms. They are also called displacement reactions.

For example, the hydrolysis of chloroethane.

OH(aq)
eat

CH,CH,Cl » CH4CH,OH + Cl~

There are two types of substitution reactions:
“»  Electrophilic substitution reaction
o Nucleophilic substitution reaction
o Free radical substitution

(i)  Electrophilic substitution reacuon (SE)

An electrapbzle is an atom that is positively cbarged ora spmey w/m'/a is efectron dqﬁczent {lacks lone.

< pairs of electrons).

An electrophilic substitution reaction is therefore a reaction in which a hydrogen atom of 4 benzene
ring is replaced by an atom or group of atoms which is electron deficient (: electrophile).

All the reactions undergone by benzené, in which a hydrogerratom in the ring is replaced by an

- electron deficient group are electrophilic substiturion reactibns:

. For example, alkylation of benzene.

-

CHoCH;
@(z) Clty L @( 4 HBe(
> H + HBr(g)
FeBry N o

Such reacrions are iniriated by the electrophile.

(ii) Nucleophilic substitution reaction (Sy)

A nucleophile is a negatively charged ion or a compound in which an atom has lone pair(s) {eleceron
rich).

A nucleaphilic substitution reaction is therefore a reaction in which an atom in a componnd is replaced
by an atom or group of atoms whick is electron rich ('nttcleapbi[e)

The hydrolysis of alkvlhalides when heated with aqueous sodium hydroxide is a nucleophilic

substitution reaction.

: NaOH(aq)
(CH;);C=8Br ——— > (CH4);C—-0H + HBr
heat

There are also two types of nucleophilic subscitution reactions and these will be described turther
under halohydrocarbons.

(iii)  Free radical substitution

A reaction where a hydrogen atom in a hydrocarbon is replaced by a free cadical.

K. J. Jolrs & N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry
2.  Addition reactions .

An addition reaction is a reaction in which the attacking reagent adds itself across an unsaturated bond
of the reactant to form a saturated product.

In addition reactions, the unsaturated bonds act as sources of electrons hence are artacked by

electron deficient species (electrophiles).

Such reactions are undergone by alkenes, alkynes and carbonyl compounds (aldehydes and
ketones)

Addition reactions for alkenes and alkynes are generally represented as:
-RCH=CHR' 4+ .YZ —— R(IJHCHR'
Y

X

RC=CR + YZ ———FR(%=CR‘

Y

no- oH

RCR' + HX — " RCR'
. Y

There are two types of addition reactions:

. Electrophilic addition reaction
» Nucleophilic.addirion reaction

(i) Eicctrophilic addirion reaction (Ag)

This is a reaction in which an electron deficient species adds itself across a multiple bond of alkenes or

alkynes to form a single product with no loss of any atom. The unsaturated bonds act as a souice of

electrons. The reaction is iniriated by an electrophile.

For example,
¢+ Reaction between ethene with bromine liquid.
H,C=CH; + Br; — > CH;BrCH;Br
s Reaction berween ethyne with excess bromine liquid.
HC=CH + Br, —— CHBr,CHBr,

(ii) Nucleophilic addirion reaction (Ay)

This is a reaction in which an electron rich species simply adds itself across the unsururated bond to farm

i single product without loss of any arom. The nucleophile acts as a source ot electrons.

Dewystifying Qrgaee Chevistry
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A simplified, well elaborased and illustrative approach to Organic Chemistry
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For example, reaction between ethanal with hydrogen cyanide.

P g
CH; CH + HCN R?CN
H

3. Elimination reactions

An elimination reqction is a reaction which involves removal of an atom or group of atoms from two
adjacent carbon atoms to form a multiple bond. These reactions are commonly undergone by
secondary and tertiary alkylhalides. _ B

For example, the reaction between 2-Bromopropane or 2-Methyl-2-bromopropane and a

solution of sodium hydroxide or potassium hydroxide in ethanol on heating.

a Br

I KOH/ethanol

CH;CHCH; -—-h———’ CH;CH = CH,

' : eat
Br . CH,
1 NaOH /ethanol |

' CH]E: CH] __"'—h_-"_’ CH‘_;C = CH2
eat .

CH,4 '

o bor_h cases, alkenes are formed as major products. o

Note:

~ Under similar conditions, primary allylhalides ceact to form ethers as major products. For example,

bromocthane: ceacts to form an ether (echoxyechane) as major product. Such a reaction is a* -

nucleophilic substitution reacrion.

KOH/ethanol
CHjCHzBr _— CH}CHQOCHzc:H}
' heat -

There are also two types of elimination reactions and chese will be seen further under aflkylhalides.

Note
Alkyihalides and alcohols can be classitied as primary, secondary or tertiary.
Primary campounds are those in which the carbon atom carrying the functional gioup is atrached

to only one alkyl group.
For example

CH,CH,0H
N e P ANY4

| (i) CH,CH,Br and | |
X

Secondary compounds are those in which the carbon atom carrying the functional group is acrached

()  CcHjCH,OH and

L

to only two alkyl groups.

K. J. Joby& N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

For example

OH Br

| I
CHCH, Br

PH Br. : CHCH;
©  cu,cHeH, @nd ()  CHyCHCH, and @

Tertiary compounds are those in which the carbon atom carrying the functional group is attached
to three alkyl groups.
For example ‘

o y

) PH ﬁ:CH3 B : 'l|3r . ?CHa
() CHyCCH, and UCHH (i) CHyCHCH, and @CHJ
CH; CHj '
1.7 Or_gaﬁic reaction mechanisms

A mechanism is a derailed description of a chémical reaction outlining each separate stage.
" A reaction mechanism shows the sequence of steps by which a reaction takes p[ace The reaction
_ mechanism is worked out from a study oFlcmencs of the reaction.
Such information is not provided by the swoichiometric equatlon for the organic reaction.
When outhnlnrr mechanisms, the Followmcr should be noted
*  Curly arcows are used. Such ‘arrows should bend once.

* . A-double headed curly arrow shows that two electrons are tlowing i.e.
s A singlc headed arrow implies that one electron is flowing ie. 7~ .

»  Arrows of the forms shown below are discouraged for use in mechanism oudines:

/—\_/’7 and \F_;
Note |

The arrows must begin at the center of double bond where the electrons are and then ends at an
electron deticient species (¢lectrophile). '

[luscration

\ ¢ 6+ §5- + |

L= e —— (- (v

J Br

Arrows chat have no origin and destinacion such as those below are discouraged. The arrows should

touch the bonds, electrons or charge.

N ’ 6§+ &- + I
C:C\ ~Br—|§r —— —(} - (n:— + Br~

/
Br

Desyitifyiog Drgandie Chemostiy
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Arrows may also begin from a center of a lone pair of electrons or from the negative charge of a

nucleophile.

3 i | | —_Ht | |
Hzo/\-*c - Co > - - — ¢ - -
Br : H20+ Br o Br

Simi[a:ly;

o Electron flow within the mechanism should be consistent.

o In mechanisms where intermediates are involved, they should be cledrly written.

. -Mechanisms in which reagents are prepared first, the equations for their preparation should
be well balanced. Some of the most common equations mvolved in such mechanisms are

written below:

1. 2Fe + BBFZ _— ZFEBF3
2. 2H,S0, ——» SOy +H;0* + HSO;

+
3. H,S0, + HNOj —» NO, +HSO3 +H,0

. 1.8 .~ :Common rerms used in organic chemistry reactions
1. Bond polarity o . '
.The bonds formed in organic compounds are mamly covalent
. The covalent bonds may be non—polar if t:hey are formed berween two atoms with similar or almost

similar electronegarivities which contribure an equal number of electrons to be shared. Such bonds
include; |

Ci—Cl  and Br—Br
However, a covalent bond formed berween two atoms whose electronegativicy values are greatly

ditferent becomes a polar covalent bond.
The more electronegative acom pulls the bonding electrons rowards itself, gaining a partial negarive

Jauuesswe) [5) o

charge and the less electronegarive atom gains partial positive charge. For example in;
5+ g — it a=-
CH,CH, — Br  and CH,CH, —Cl

2. Bond cleavage
- During a chemical reaction, chermcal bonds have to be broken (cleaved) so that new compounds

are formed.
The breaking/ cleavage ot fission can be of any of the two types namely:

» Homolytic fission
» Heterolyric fission

1 K. [. Joby & N.N. KYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(i) Homolytic fission (cleavage)
In this type of cleavage, thn the covalent bond breaks, each of the atoms takes one of the bonding
clectrons forming very reactive free radicals.

The flow of electrons is represented by half arrows as shown below:

A _
Cl Cl > 2CI
W%

This type of fission usually occurs in covalent bonds where the difference in electronegativity

berween the bonded atoms is small.

Homolytic fission requires usually requires energy in form sunlight or heat.

4

(ii) Hcferolytic fission (cleavage)

In this type of cleavage, when “the covalent bond breaks, one of the atoms that is ‘more

clcctroncganive rermains with the bonding electrons.

The more electronegative atom gains a negative charge and the less electronegative atom gains a
positive charge.

(CH3)3CVBr —_— (CH3)3E +Br

The ion formed above, which contains a posicively charged carbon arom, is called a carbocation.

3. A free radical
This is an atom or group of atoms with unpaired electrons.

Free radicals are always formed after homolyrtic cleavage.

4,  Carbocation
A carbocation can also be called a carboninm ion.
A carbocation/ carbonium ion is an ion containing a positively charged carbon atom.

A carbocation can be primary, secondary or tertiary depending on the number of alkyl groups
surrounding the positively charged carbon atom.

Carbocation Exampla

Primary carbocation F
CH; CH, CH,

Secondary carbocation +
CH, CH CH,

Tertiary carbocation

+
(CH3);C

The stability of the carbocations increases with the increase in the number of alkyl groups actached

to the positively charged carbon atom invrder. Primary < Secondary < Tertiary.

Devystifving Orvgance Chemstiy
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A simplified, well elaborated and illustrative approach to Organic Chemistry

6. Nucleophile

A nucleophile is an atom that is negatively charged or a compound in which an atom has a lone
pair of electrons.

Examples include; CI™,Br™, 1" ,OH,CN™,RO™,NH3, H,0, RNH;, and ROH.

7.  Electrophile |

An electrophile is an atom that is positively charged or a species that is electron deficient.
Examples include H * cr*, Brt, 1T, NOF, RNJ, RyC”, and SOs.

8. Inductive effect

This is the ability of an atom or group of atoms donate electrons towards a neighbouring atom

‘or the ability o withdraw clectrons from the neighbouring atom.

An atom or group of atoms that donare(s) elgctrons to a neighbouring atom has/have posuwc
inductive effect. These include all alkyl groups.
An atom or group of atoms thar withdraws electrons from the neighbouring atom has/have

negative inductive effect. These include all halogen atoms, =N 02, — NH,,—C = Nand —S0;H.

9.  Steric hindrance ‘
Steric hindrance is a condition when the spatial arrangement of aroms or groups in molecule at
or neac a reacting site of a molecule hmders or rerards a reaction.

The higher the. number of alkyl: vroups surcounding a reaction site in a ‘molecule, the greater the
steric hindrance.

For:zarbocations, steric hmdrance increases in the order, Prtmary < Secondary < Tertiary.

CH3CH2CH2 < CH;CHCH3 < (CH3);C

1.9  End of topic assessment exercise
. Carbon is a unique element in companaon ro so many otcher elements.
(a)  State three rcasons for che uniqueness of carbon compared to many other elements.

(b)  State any two properties that make carbon a unique element.

I~

The figure below shows the steucrure of compound J.

/ A
HO — " N CooH

(2)  [dentity the funcrional groups in J.
(b) Name the reagenc(s) thac can be used to identify each of the funcrional groups you
have idencitied in (a). ) -
. {c)  State what would be observed when J is treared wish the reagent(s) you have named in

An organic compound, Q, has the structure:

d

H,C =CH - —COOH

(a}  Name the functional groups presentin Q.
(b)  Write the equacion for the reaction beoween @ and;

{i)  bromine water

k J’joby&NN HY"ER
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(c)

(ii) sodium metal

State what would be observed in (b)(i) and (ii) above.

Name one functional group that can be identified using each of the following reagents. In

each case, state what would be observed and write equation for dhe reaction that would take

place.
(a)
(b)
(c)
(d) -
(e)
(a)

(ii). - Describe the three types of structural isomerism, giving a suitable example in

(b)

(i) Nucleophilic addition reaction

With suitable examples, distinguish berwéen; |

(a)

(b

{c)
(d)
{e)

bromine water
sodium metal

2,4-dinitrophenylhydrazine

‘Sodium hydrogencarbonate

Concentrated hydrochloric acid

(i} ~ What is meant by the term structural isomerism?

each case.

Explain whar is meanc by the following terms;

(i) Nucleophilic substitution reaction
{iii) Electrophilic substicution reaction

(iv)  Elecrrophilic addition reaction

E CamScanner

(v)  Anelimination reaction ™

{(vi) Free radical substitution

-

homolyric fission and hererolyric fission
Substiturion and an addition reaction
an ion and a free radical

a carbocarion and a carbanion

a nucleophilic ceagent and an electrophilic reagent

DEMYSTIFYING Organic Chemissry: KJ. Jobs & N.N. Hyper
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Quantitative Analysis
of Organic compounds

Here, determination of empirical formulae and molecular formulae of organic

compounds is briefly explained. Details about some of the concepts will be covered in

physical chemistry and more about structural formulae will be detailed in further topics.

2.1  Introduction .
[f the percentage composition by mass of a compound is known, the empirical formula, hence,
the molecular formula can be determined. ' h
The isomers of the compound can also be predicred.
Any of the methods below can be used;
»  Vapour density measurements
s Use of the'ideal gas equarion
o UseofGraham'slaw
s Dac from colligative properties
»  Eudiomerry .
.o Daa from stcam‘discillation
Note "

The molecular formula is got from the empirical formula using the relationship;
(Empirical formula), = Molecular formula

- k] ‘
Where 7 is a number to be determined.

Molecular formula can be the same as empirical formula if n =1,

The table below shows the empirical formula-molecular formula relarionship for some

compounds. .
Name of Empirical formula Simplest ratio Molecular Value of n
" compound o formula '

T Waner H,0 2:1 "H,0 n=1

Ethene CH,; 1:2 CH,y n=2

Benzene CH 1:1 CeHg n==6

Ethanvic acid CH,0 1:2:1 CH,O, n=>2

Criucnse CH,0 1:2:1 CeH120¢ n==~6
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. Note

During the process of obtaining the empirical formula, the simplest ratio is obtained as a decimal
fraction. This ratio should have whole numbers only. Therefore figures of the type; 1.1, 1.2, 2.7,
3.8 and 4.9, can be rounded off w0 1,1,3,4 and 5 respectively.” | . 7

However, values of the type; 1.333, 2.4, 1.5, and 3.666 should not be rounded off.
Rounding them off creates a very big error. They must be multiplied by a factor to make

them whole numbers as summarized below.

- Sample calculated ratio Factor Correct ratio
1 : 1.333 ' 3 3 : 4
s : 2 2 3 . 4
. L I
2 : 2499 - 2 4 : 5 o
. ‘ . o
l: 3.666 : 3 3 3 :011:9 2
o % E
3 : 24 o 2 : 6 : 5 4 W
| S E
2.2 Usirig Vapour dcnsity measurements QU

The relationship relative molecular mass = Vapour density x 2 is used.

-

Exarmple - - R
An organic compound Y contains 66.7_‘% carbon, 11.1% hyd).;ugcn and the rest being '*S‘
oxygen. If the vapour density of Y is 36, determine its molecular formula. ‘ -;-‘:
~percentage mass of 0 = 100 - 66.7 — 11.1 = 22.2 %
Elements C H ) 8
% mass 667 1.1 22.2 E
Moles 66.7 111 22.2 E
12 1 16 5
Simplest ratio 55583  1L1 13875 §

: 1.3875 - 13875 - 1.3875

4 : 8 1

Empirical formulais C4HgO.

(C4Hg0), =36 x 2

(48 +8+16)n =36 x 2
. 72n =772
~n=1

Molecular formulais C4HgO.

Dewystifying Organce Chewostiry
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2.3 Use of the ideal gas equation
The ideal gas equacion states that;

pV =nRT"’
. m
cen=—;
sin M,
m
’ Then pV = nRT can be written as pV = FRT‘
1‘ r
J M, can therefore be obtained from the expression;
M. = mRT
r— pv

i Whete; p is the pressure in Paor Nm™2
i

) V is the volume in m3
fj'g ’ R is the molar gas constant = 8.3 1jK 'mol™*
*T is the remperature in Kelvin
m is the mass piven in the question and';
(I , M, is che molecular mass.
I ' Also note that;
I1Nm2=1Pa

_ latm = 101325 Pa
| therefore 2 atm = (2 x 101325)Pa
a S+ 760 mmHg™= 101325Pa

] o T20
therefore 720 mmHg = (—— X 101325) Pa

f B 760

: o 1kNm~? = 1 kPa = 1000 Nm™2

E g' therefore 20.2 kNm~% = 20.2 kPa = 20.2 x 1000 Nm™?

15 'iE""" Lem? = 1076m’

i}:‘ = 56 cm?® = (56 x 107%)m?

1‘| = 1 litre/dm? :,1000 cm’® = 1073 m?

L{' 15 litre/dmj = 15000 cm3"= 15 x 107’ m?

L Example T T e

g A compound Q contains 54.5% carbon, 9.09% hydrogen and the rest being oxygen.
W Calculate the empirical formula.

!’ 0.54g of Q occupies 150.9cm’ at a temperature of 19°C and 2 740mmHg pressure.
~ Determine the molecular formula of Q.

¥ If Q which produces effervescence with magnesium powder, deduce its structural
Lf’ ' formula. .

\It' S "percéntenlgé mass OfOV-'—‘ 100 — 54.5 — 9.09 = 3641

!"" i ‘; .,_ S e e — R
!L: k’ "““ K. J Jobs& NN, HYPER
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Elements C H O
9% mass : 54.5 9.09 - 36.41
Moles : 54.5 9.09 . 36.41
12 1 16
Simplest ratio 4417 909 22756
2.2756 ' 2.2756 " 2.2756
2 : 4 : 1

Empirical formula is C, H40.

m = 0.54g; V = 150.9 X 1075m3 | ‘ mRT

M, = ———
T =(19+273) = 292K; PV

p= (740 101—325)_ o ‘ M, = - 0.54x8.31x292
“A\7e0 T (Feg  101325) x 150.9 x 107¢
PV = —-RT ¥

molar mass of Q = 88
(C,H,0), = 88
(24 4+ 4+ 16)n = B8
44n = 88
wn=2
» Molecular formula is C,Hg0,
Hint: lts carboxylic acids that form hydrogen when reacted with magnesium,
. Q is CHyCH,CH,COOH

Exam ple

A hydrocarbon Z, on complete combustion gave 0.63g of carbon dioxide and 0.26g of
warter. Determine the empirical formula of Z.

When 0.716g of Z was vapourised, it occupied a volume of 0.25 litres at s.t.p.
Determine the molecular formula of Z.

~ Molar mass of CO, = 12 + 32 = 44g
12
mass of C = ZZ x 0.63 =0.1718g

molar mass of H,0 = 2 + 16 = 18g

2
mass of 0 = I x 0.26 = 0.0289g

Dewvitifveng Qrgoae Chaswdsbry
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Elements S C " H
mass(g) 0.1718 0.0289
s 01718 0.0289
12 1
_ . 0.014317 0.0289.
simplestratio 5o12317 © 0.014317
1 : 2

Empirical formula is CH,
Standard temperature is 25°C and standard pressure is 101325 Pa or Nm™2

m = 0.72g - 0.716 x 8.31 X 298
| o =
ok v 1A= 101325 x 0.25 X 103
V=025x107m* . = 6999 |
T = (25 +273) = 298K M, = 70
P =101325 Pa (CHy)y =70
(12 4+ 2)n =70
_mRT 14 = 70
r =PV L | _
n=>5

Molecular formula of Z is CgHyg

T 4 Using Graham’s law.

The concepr of diffusion is not a new one to us at this level since you already have an'idea from

Ocdinary level. 7
The rate ar which different gases diffuse is not equal. A lighter gas diffuses more rapidly than a

B heavier one. After carrying out a number of experiments on che Tates at which gases mix togecher,
o) Graham(1852) came up with Graham s law of diffusion which staces chag; ‘af constant temperature
g and pressure, the rate of diffusion of a gas is inversely proportional to the square root of its density .
& i.e., Rate of diffusion « L |
= Consider owo gases X and Y which diffuse at rates Ry and Ry respectively. [ the densities of the
- gases are p, and p, respectively:
Ry —l— and Ry X —
=
1 . 1 .
\ Ry =k () and Ry =k —. el (10)

=k Vi

Dividing equation (i} by equation (ii} | v;elds

K. Jobyé& NN HYPER
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Re_ 4oy
Ry Jon
Rate of diffusion of X /density of Y

= =
Rate of diffusion of Y [density of X

Since density is directly proportional to the relative molecular mass of the gas, we can also have the

equation as;

Rate of diffusion of X _ vMolar mass of Y
Rate of diffusionof Y ~ vMolar mass of X

Graham'’s law can therefore also be stated as; ‘ar constant temperature and pressure, the rate of
diffusion of a gas-is inversely proportional to the square root of its relative molecular mass
The rave of diffusion of a gas can also be expressed as a recipracal of the time raken for the gas o

.. diffuse. Therefore;

[ 1
Rx=;'31'ld R\{zt—
x Y

Similarly,

i JMpof Y

b Moof X |
Rare of diffusion of a gas can also be expressed in rerms of volume of the gas and time taken by
the gas to diffuse.
volume of the gas

time taken
Note:  Most gases are diatomic. This should be observed when calculating molar masses of gases,

Rate of diffusion of a gas =

E.-\'Aamp[e
The time taken for 1.76 cm? of oxygen to diffuse through a porous partition is 103
seconds. Another gaseo us lalkync Z ac the same conditions of temperature and pressure
diffuses through the partition at the rate of 1.3cm? in 101s.

{a) Determine the molecular formula of gas Z.

(b) Write the structural formula_c and names of all possible isomers of Z.

Devivystifying Organic Chenwatiy

ks
&
H

. Jobs & N.N. Hyper
CamScanner

DEMYSTIFYING Organic Cbemisﬁ: K




A simplified, well elaborated and illustrative approach to Organic Chemistry

(a)
M, of 0, = (16 x 2} = 32g M_of Z =7

1.76 1.3°
I il e Y i O B |
Rg, (103)cm s Rz (101) cm’s
ROZ _ JMP of Z
Rz /M, of 0,
(1.76) ) (1.3) _ JM;ofZ

103/ \101 732
(1175 X 101)2 _ McofZ
103 x 1.3 32
M.of Z=756.4g
The molar mass of Z = 56g '
 C Hygp = 56
12n+2n—2 = 56
14n =58
n=4143.
S n= 4.0
‘Molecular formula of Z is C4Hg
(b [somers . - .
I Structural formula Name
CH;CH,C=CH But-l-yne
CH4C = CCH;4 ' But-2-yne

2.5  Using data from colligative properties _
The experiments on colligarive properties such as depression of freezing point, elevation of
boiling point and osmoric pressure measurements can also be used to determine molecular
masses of non-volatile organic compounds.
2.5.1 Depression of freezing point
The freezing poine of a solution{T¢ (spiution))containing a non-volatile solute is always lower than
the freezing point of pure so[vent(T?(solvem)). This decrease in bailing point is called the freezing
point depression (ATy) given by the equarion;

, ATy = Tfo(sulvent) — Tt (solution)
The solvent always has a freezing point constant or molal freezing point depression constant
or Cryoscopic constant (K¢). -
The freezing point constant is the depression in freezing point caused when one mole of a non-
ionizing and non-volatile solute is dissolved in 1000g afa solvent. |
The unics of che cryoscopic constant are *Cmol™*kg~! or °Cmol”! per 1000g.

3 K. J. Joby& N.N. HYPER
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Examples

0.3g of an organic compound Y on complete combustion gave 0.88g of carbon dioxide
gas and 0.18g of water. 0.53g of Y in 22g of ethanoic acid lowered the freezing point of
ethanoic acid by 0.78K. (k; for ethanoic acid is 3. 89Kmol tkg™1).
(a) (i) . Calculate the cmpirical formula of Y.

(i)  Determine the molecular mass of Y and its molecular formula Y.
(b) Y burns with a yellow sooty flame and forms a yellow précipitate with 2,4-

dinitrophenylhydrazine.  Write the structural formulae and the names of the
possible isomers of Y.

Hinty: from part (b), ¥ has a carbonyl group (C = 0) hence must have elements C, H and O.

- (@)

Molar mass of CO, = 12 + 32 = 44g

12
= — X . =1,
| mass of C 12 (.88 =0.24g

molar mass of H,0 =2 + 16 = 1Bg

2
mass of H = T x 0.18 = 0.02g

mass of 0 = 0.3 - 0.24 — 0.02 = 0.04g

~

Elements c - H o
mass. . 024 0.02 0.04
Moles . 024 0.02 0.04

12 1 16
Simplest ratio - 0.02 _ 0.02 ~0.0025
0.0025 -~ 0.0025 ©0.0025

8 : 8 : 1

Empir'icai formula is CgHzO

- {ii)

Freezing point depression = 0.78K
22g of CH,COOH dissolve 0.53g of Y

1000 x 0.53
T"“) ngY = 24.09 gOfY

0.78K ishdepression in Eree;ing point caused by 24.09g of Y

3.89 x 24.09)
0.78

1000g of CH;COOH will dissolve (

3.89K is depression in freezing point caused by (

= 120g
Molecular mass of Y is 120g

Molecular formula of Y is CgHgO

Hint: ¥ must be an wromatie carbonyl compound since it burns with o sonty flame.

'Dewlgvst'f.’.{f,m g ) LG Chentidry

@
3
R
1]
R
. OR®
@)
1G]
2
3
=
§.
€3]
Q

J. Jobs & N.N. Hyper

CamScanner




J2UuUe25wWIeED) E

A simplified, well elaborated and illustrative approach to Organic Chemistry

'(b) [somers
Structural farmula Name
I - -
I
@CHZCH Phenylethanal
Example

A compound Q contains 60.0% carbon, 13, 3% hydrogen and the rest being oxygen.
Calculate the simplest formula of Q.
When 0.698g of Q was dissolved in 1000g  solvent, there was 2 0.19°C depression in
freezing point of solution. (kf of the soivent = 1.63°Ckg™'mol™!)
(2) Calculate:

(i) the empirical formula of Q.

(ii) the molecular formula of Q.

(b) Write the names and structmal formulac of all possible isomers of Q.

(@ @ \ _
0% by mass of 0 = 100 — 60.0 — 13.3 = 26.9

Elements C H 0
% mass 60.0 - 13.3 26.9
Moles 60.0 13.3 26.9

_ 12 1 16
Simplest ratio 5.0 o 13.3 _ 1.68125
© 1.68125 : 1.68125 ' 1.68125
3 ‘ . 1

Empirical formula is C;HgO
(i)

100g of solvent dissolve 0.698g of Q

1000 x 0.698

—5

0.19°C is depression in freezing point caused by 6.98g of Q

| ‘ o o 1.63 % 6.98
1.63°C is depression in freezing point caused by (_—(-)E__) = 59.88g

1000g of solvent will dissolve ( ) gofQ =698gofQ

Molecular massof Q = 608

K. J’Jo{m ErNN HYPER
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(C3Hg0), = 60
(36 +8+16)n=60

60n = 60
Sn=1
‘Molecular formula of Q is C3HgO.
(b)
Structural formula Name
CH;CH,CH,0H { C Propan-1-ol
CH3‘CHCH3 P[Opan—z—ol
|
OH .. o
CH;GH;0CH; - -~ Methoxymethane &

‘ L =
2.5.2 Elevation in boiling point =
The boiling point of a solution(Ty(selution))concaining a non-volarile solute is always higher than b E.H
the boiling point of pure solvent(Tg (sulvem)). This increase in boiling point is called the elevation ‘:; g
in boiling point(AT) given by the equation; ~

ﬂ'Tb = Th (solution) — Tl?(sulvent)

1 The'solvent always has'a boiling point constant or molal boiling point elevation constanr or
ebullioscopic constant (k). | :

The boiling point constant is the elevation in boiling point caused when one mole of a non- 4
ionizing and hun-vola;ile sqlu;_e is dissolved in 1000g of a solvent.

The unijts of the cryoscopic constant are *Cmol~'kg™! or °Cmol~! per 1000g.

Example

A compound Q contains carbon, hydrogen and oxygen only. When 4.0756g of Q was
heated in excess oxygen, 2.03dm’ of carbon dioxide and 0.815g of water were formed at
5.6.p.

(a) Determine the empirical formula of Q.

(b)  When. the same mass of Q as used above was dissolved in 93cm? of water, the
solution boiled at 100.256°C.
(i) Determine the molecular formula of Q.
(i)  Deduce the structural formula of Q.
{Ebullioscopic constant for water .
= 0.52°Cmol™ kg " and density of water s 1gem™)

W L

§
&Y
O
o
5
E{] .
S
©
2,
3
>
2
3
Q

Molar mass of CO; = 12 + 32 = 44g

03
moles of CO,formed = 5771 0.090625

Dewystifving Grganic Chesnativy
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mass of CO, formed = (0.090625 x 44) = 3.9875g
mass of C present = (-g: X 3.9875) = 1.0875g
molar mass of H,0 = 2 + 16 = 18g
mass of H = (i X 0.815) = 0.090568

18
mass of 0 = 0.3 — 0.24 — 0.02 = 0.04g

. Elements C H 0
mass 1.0875 0.09056 0.04
Moles 10875 0.09056 004
| T2 1 16

Simplest ratio | 0.090625 - 0,09056 . 0.18110
| 0.09056 " 0.09056 " 0.09056
1 1 2

Empirical formula is CHO,.

by @
Mass of H,0 used = (Volume X density) = (92 x 1) = 92g

- 92g of H,0 dissolve 4,0756g of @
” 1000 x 4.0756

92
Eievation in boiling point = 100.256 — 100 = 0.256°C

1000g of H,0 will dissolve'( )g of Q = 44.3gof Q

0.256°C is elevation in boiling point caused by 44.3gof Q

. L , 0.52 x 44.3
0.52°C is elevation in boiling point caused by (——0—25—6——) = B89.984¢g

Molecular mass of Q = 90g

(ii)

(CHO,), =90
(12+1+32)n=90
45n =90
n =2
Molecular formula of Q is C;H;04.
Seructural formula of Q is
COOH 09
HOOC — COOH or | or HOC — COH
COOH HO ¢0

T
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2.5.3 Using data from osmotic pressure measurements

Osmotic pressure, 8 is a better method to determine the molecular mass of large molecules than

ebullioscopic and cryoscopic methods.

If the osmotic pressurc of a solution containing m g of a solute in V cm? of solution is measured

at a temperature, T , the number of moles of solute, 1 can be determined from the expression;
nV = nRT o

Whete 8 is the osmotic pressure, R is the molar gas constant, T is the absolute temperature.

. m . -
Sincen = — where M, is the molar mass of the solure,
r .

Then;
v - RT
S — .
T M. &
M mRT T
T oy 2. =
- — 2z o
Example B3 ﬁ
A 6.3% solution of polyethene in propanone was found to have an osmotic pressure of | E
\ = @
0.03667 atm at 25°C. w O
Calculate the;
7_ (a)  molecular mass of po[ycthcnc o

-~(b) . . number of ethene monomers requircd to makc thc polymcr in (a) above.

Hint: For esmotic pressure, a 6.3% solution means 6 3g¢f, pa[yen’yene in a volume of 100 cnt’ of solutisn.

(2)

m=63g V=(100x 10"5)m37; T = (25 + 273) = 298K
wt = (0.03667 x 101325)Pa

mRT
M, = =
6.3 x 831 x 298
(0.03667 x 101325) x 100 x 10-8
M, = 4198B.496

Molar mass of polyethene = 41989g

r:

DEMYSTIFYING Organic Chem ia‘ﬁ: K.

(b}
Molar mass of monomer, H,C = CH, = (24 + 4) = 28g
‘ 41989
Number of monomers, n= T = 1499.6 = 1500
L nn=1500

2.6  Eudiomerry.
In this process, 2 given volume ot a gaseous hydrocarbon is exploded with excess oxygen. The
hydrocarbon complecely burns to focm carbon dioxide and water as the only producss. ‘
The vapour s then cooled and contraction in volume oceurs due to condensation of water vapour.
The resultant volume (residual gas) left is due to carbon dioxide formed and the unreacted

ke

i
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oxygen. The volume of catbon dioxide is determined by adding aqueous sodium hydroxide or
potassium hydroxide. All the carbon dioxide formed is absorbed and the diminution
(reduction) in the volume of the gases is due to carbon dioxide. The volume of gas thar remains

at this point is the unreacted oxygen. The volume of water formed is regarded as negligible.

General equation;

Coly (@) + (X +3) 0p(8) ——* xCO(@) + 3 Hzoa)

Examples

15 dm?® of gaseous hydrocarbon X was exploded with 105dm3 of excess oxygen. The
residual gas occupied 75dm?. On addition of concentrated potassmm hydroxldc. the
volume rediced by 45dm?. Determine the molecular formula of X.--

CHy(8) + (¥ +7) 02(8) ——> xCOy(®) + 2 Hzo(l)

Volume of catbon dioxide formed = 45 dm?
Volume of unreacted oxygen = (75 —45) =30dm3
V lume of oxygen that reacted = (105 ~30) =75 dm?
. From the above equarion, 1 volume of €., forms x volumeé of CO,.

15 dm? of C H, forms 45 dm*of CO,

1ox = 45
B .
o Similarly; 1 volume of C,H,, reacts with (x + f) volumes of O,.
) : .
3 15 dm? of C.H, reacts with 75 dm?of 0,
]
O AR
3 15 (x + Z) =75
% Yy _ .
@ 15(3 + Z) =75
(75 3)
ARANT:
y=28

Molecular formula of X is C3Hg.

AEtampl
When 142cm’ of 2 hydrocarbon'Y, of fo rmula, C, . Hy, and molecular mass 58g was exploded
with excess oxygen and cooled to room temperature, the volume of the residual gas was

694cm®. On treatment with conccn:ratcd potassium hydroxide solution, the volume

dccrcascd to 126cm’.

. jjo{ry&NN HFYPE’E
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(2) Determine the molecular formula of Y.

(b) 'Write the structural formula and JUPAC name of all possible isomers of Y.

(a)
b b '
C,Hp(g) + (ﬂ- + Z) 0:(g) > a C0y(g) + EHZO(I)

Volume of carbon dioxide formed is (694 — 126) = 568 cm?

From the above equation, 1 volume of C;Hy, forms a volumes of CO,.
142 cm? of C,H,, forms 568 cm?of CO,

142a = 568
a=4
C,Hy =58
. B3Hy =58
(4%x12)+b =58
_  b=10
Molecular formula of Y is C4Hyg.
(b) .
Structural formula’ - Name
CH,CH,CH,CHy - : Butane
CH4CHCH; ' 2 — Methylpropane
. 't|:H3 .

2.7  Use of data from steam distillation
Steam distillation is the rechnique of separating a volarile substance, immiscible with warer, ata
remperacure below its boiling point from anocher substance by bubbling steam through the hot
mixcure. The volarile substance to be separated vapoucises off with steam leaving behind the
non-volarile substance.
The expression below is used for calcularion purposes: -
Pu _ M
p[. n,
The above equarion gives the relative amounts of water and the volarile liquid substance in the
distillace where;
» p,, is the vapour pressure of warer at the discillation cemperature
* p_ is the vapour pressuce of the liquid ac the distillation temperature
s n,, is the number of moles of water

s n is the number of moles ot the liquid

-~ . m . .
Since number of moles , n = o the above expression can also be written as;
icls

P _ Nw/Me,
pl, nL/’MrL
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A simplified, well elaborated and illustrative approach t0 Organic Chemistry

. Pw _ Ny My
) P. N Mrw
Where; My, ,and M. are the molar masses of water and the liquid respectively.

The vapour pressure of liquid is normally got from the expression for the total vapour pressure
Protal = Pw TPy, '

< Pr = Protal — Pw

Examples

A compound Y contains 62.1% carbon, 10.3% hydrogen and the rest being oxygen.
(a) Calculate the empirical formula-of Y. |

(b)Y distills in steam at 98°C and 1.01 X 10°Nm 2. Cilculate the molecular mass hence

deduce the molecular formula of Y if thedistillate contained 16.96% by mass of Y. .

(a) .
percentage mass of 0 = 100 — 62.1 — 10.3 = 27.6
Elements cC . H -0
% mass 62.1 10.3 ‘ 27.6
Moles - .. 621 10.3 276 -
_ 12 1 . 16
Simplcg.t;rg_[jc") ST BRI 5.125 e . 10.3 1725 TR R e
.- 1725 © L1725 COLT7
. 3 6 R R -

Empirical formula is C;Hz0.
(b)
Py,o = -5 % 10°Nm™
py = (101 x 10°) - (9.5 x 10*) = 6000Nm >
- molar mass of H,0 =2+ 16 = 18g

pHgU — nHzO

PY ‘ Ny
95x10* 8333 My
6000 18 " 16.96

9.5 % 10* x 18 x 16.96
My =
83.33 x 6000
Ml"{ = 58

molar mass of Y = 58

(C;Hg0), = 58

(36 +6+ 16)n =58

58n =58

. n=1
Molecular formula is C3HgO.

K. ] Jobsy& N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Example .

A compound Z contains 26.09% carbon, 4.89% hydrogen and the rest being iodine.

(2) Calculate the empirical formula of Z.

" (b} When a mixture containing compound Z was steam distilled 98°C and 760mmHg,
the distillate contained 2.215g of Z and 16.25g of water. If the vapour pressure of
water is 7950mmHg at 98°C,

() determine the molecular formula of Z.(C = 12; H=1; [ = 127)

(ii) write the structural formulae and names of all the possible isomers of Z.

()
percentage mass of [ = 100 — 26.09 — 4.89 = 69.02
Elements - C : H I
% mass 26.09 4.89 169.02
Moles 26.09 4.89 69.02
12 1 127
Simplest ratio 2.17417 o 489 0.54346
' 0.54346 T 054346 0.54346
4 : 9 : 1 '
~ Empirical formula is C4Hol.
HORNOE | |
. Puyo = 750mmHg _ ' .

- p,=760-750 = 10mmHg
molar mass of 4,0 = 2 + 16 = 18g
szO _ %9
p, M
750 _ My, | My
0.7 MerTﬁ;
750 16.25 y 2.215
10 18 M.,
_ 750 x 18 x2.215
TT T 10 x 16.25
M, = 184
molar mass of Y = 1Bdg
(C4Hol)y = 1B4
(48 +9+127)n = 184
184n = 1B4
n=1

Molecular formula is C4Hgl.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(i)
Structural formula of isomer " Name of isomer
CH3CH, CH, CHy - ldodobutane .. . |
CH4CHCH, CH;
Il | 2-lodobutane
| |
HCH,1 : ESADD R
CHS? CHZ, : 1-Todo-2-methylpropane
I
L |
CH,CHCH,4 : 2-lodo-2-methylpropane
| - _
CH,

2.8  Other problems
A gaseous hydrocarbon Q contains 90% carbon.
at stp. Determine;
(i)  the empirical formula of Q
(n) the molecular formula of Q.

i) . .' | X
IR percentage mass of H = 100 — 90 =10 :

3

The density of Q is 1.785 X 1073gem™

PN

Elements - C H
% mass 90 10
Moles 90 10
12 1
Simple ratio 75 . 10
7.5 ‘ 7.5
| 3 4
Empirical formula Q is C3Hy.
(i) |
Ats.t.p; 1 cm? contains 1.785 x 1073gofQ
22400 x 1.785 x 107
22400cm’ contain| - . g =39.984g =~ 40g
Molar mass of Q = 40g
(C3H4)n = 40
(36 + 4)n = 40
40n = 40
n=1

[k 7oy NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

Molecular formula of Q is C3H,.

A saturated aliphatic bromocompound X with a general formula of C,Hj,—;Br contains
49.08% by mass of bromine. .

() Determine the molecular formula of X.(C = 12; H=1; Br=79.9)

(i) Draw the structural formulae of any four possible isomers of X.

(i)

Molar mass of CnHpp—iBr = 12n+2n~1+79.9 = (14n + 79.9)g

0 = - = 9.0
Yo by mass oler (4[1 795 X 100) 49,08
799  49.08
. 4n+799 100
49.08(14n + 79.9) =-7990 g
14n + 79.9 = 162.795 s
. ) L)
14n _ 82.895 2 <
14 T 14 2% @
n=59=6 v &
_ {2 £
| n=6 S 8
Molecular formula of X is C4H,4Br. O
o @
Br 2
i 3
CHCHy 3
o
QS
©
=
N
o
CH,CH,Br CH,CH;4 ~
_/ a o
| | 3
|

Br
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L )

End of topic assessment exercise .

0.464g of an organic compound Q when burnt gave 1.32¢ of carbon dioxide and 0.315g
of water. When 0.2325g of Q was separately burnt, 7.08 cm’ of nitrogen gas at s.t.p was
produced. Determine the molecular formula and structural formula of @ if its relative
density is 46.5. '

An organic compound, T, on complete combustion yielded 13.2g of carbon dioxide and

2.7g of water. When 4.7g of T was vapouriscd at standard temperature and pressure, it

* occupied a volume of 2.7 X 1073

(i) Calculare the empirical formula of 7.

(i)  Determine the molecular formula of 7.

iy T burns with a sooty flame. [dentify T.

© @) An organic compoundA contains carbon, hydmgcn and oxygen oaly. On

combustion, 0.463g of A gave 1.1g carbon dioxide and 0. )630 of water. Determine -
the empirical formula of 4.
(b)  When vapourised, 0.lg of A occupies 54. S5cm3 ac 208°C and 98.3 kPa.
 Derermine the molecular formula of 4. _ )
(c) . Areacts with sodium metal with evolution ofa gas. Write the structural formula
| of all possible isomers of A. '

1363g of compound: ¥ contining carbon..hydrogen and bromine on’ complete

~ .combustion gave 1.10g of carbon dioxide and 0.45g of water. When 0.33g of ¥ was

kjjcr{n’ErNN HYPE’%

.‘

vapourised, it occupied 39.5¢m’ ar 20°C and 750mmHg. Calculare;
(a) the sifaplest formula of ¥
(b)  the molecular formula of ¥.
Oxygen diffuses L.19 rimes faster than an amine, C H2n+1NHZ
{a) Determine the molecular formula of the amine.
(b) Deduce the structural formulae and names of all possible isomers of the amine.
250 cm? of an alkene diffuse chrough a porous medium in 10 seconds and 716 cm? of
oxygen diffise chrough the same medium in 25 seconds under the same condicions.
Calculate the molecular mass of the alkene and deduce its steuceural formula.
25 cm® ofrras Q diffuse chrough a small apercure in 48 seconds while 25 cm? ofan alkane
diffuse through the same aperture in 40 seconds. Deduce the molecular formula of the
alkane.
(@ Anaqueous solusion conmining 7.2g ofa non-cyclic substance Z in 230g of wartee
freezes at —0.744 °C. Calculate the molecular mass of Z.
(the freezing point constant, ky, for water is 1.86°Cmol~tkg™)
() If Z concains carbon. 66.7%, hydrogen, 11.1% and che rest being oxvgen
(i} Calculate the simplest formula of Z '
(ii) Determine che molecular formula of Z

(i} Write the structures of all possible isomers of Z
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A simplified, well elaborated and illustrative approach to Organic Chemistry

10.

1.

12.

(@ Z forms a yellow precipitato with Brady’s reagent. Write the. structures of
possible isomers of Z.

(a) A compound Y contains 80% carbon, 6.7% hydrogen, and the rest being oxygen.
Calculare the empirical formula of Y.

(b)  0.48g of ¥was dissolved in 50.0g of benzene and caused a freczing point depression
of 044°C..  Determine the molecular formula of Y.

(kpfor benzene is 5.5°Cmol~tkg™1)

A gaseous hydrocatbon Q after complete combustion produced 2.025g of water and

6.72dm’ of carbon dioxide at standard temperature and pressure.

(a) Determine the empirical formula of Q.

(b) - Q steam disrills ar a given temperature under a pressure of 750mmHg. The vapour

pressure of water at the same temperature is 726mmHg and the percentage of warer-

in the distillate was found to be 84.22%. Determine the molecular formula of Q.

4.7g of compound Z contains carbon, hydrogen and oxygen only. Z on co mbustion gave

13.2g of carbon dioxide and 2.7g of water.

(@)  Calculate the empirical formula of Z.

(b)  When a mixrure containing compound Z was steam distilled ar 760mmHg and

98°C, the disrillate contamed 12 75g of water and 3.7¢g of Z. [f the vapour pressure |

--of water.is 720mmHMHg ac 98° C determine the molecular formula of Z.

30cm’ oFa gaseous hyclrocarbon Zwas mixed with 140cm’ of oxygen and exploded. After

cooling to room temperature and pressure, the residual gas occupled 95cm?. On absorption
with concencrgted potassium hydroxide solution there was a fall in volume by 60cm’.
Determine the molecular formulaof Z.

15 cm’ of a gaseous hydrocarbon were exploded with 105 em” of oxygen ina sealed vessel
after cooling, the residual volume occupies 75cm’. On addition of caustic portash, thece

was a diminution of volume o 30cm’. Determine che molecular mass of a hydrocarbon.

Note: Check further topics for que}n’am involving quantitative and qualitative analysis of organic compounds.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Chapter 3

Hydrocarbons
(Alkanes, Alkenes & Alkynes)

An introduction to hydrocarbons has already been given in the previous chaprer.
+ Hydrocarbons are organic compounds containing carbon and hydrogen atoms only. They are

-grouped as saturated hydrocarbons and unsaturated hydrocarbons.

Alkanes are saturated hydrocarbons whereas alkenes and alkynes are unsacuratcd hydrocarbons.

3.1 AJ.k:me_s s

- 3.1.1 Introduction

Alkanes are hydramrbam that do not have multiple bonds between carbon atoms.

They form a homologous series of saturared hydrocarbons that conform to the general formula,
CoHzny2 for the aliphatic ones.

The alicyclic alkanes, like cyclopropane, however conform to the crr:neral Formula C, aHzn-

The non-cyclic alkanes.differ successively by a methylene group( —CH,—). .

Alkanes are relarively unreactive as compared to the unsacurated hydrocarbons .

3.1.2 Occurrence and sources

The major sources of alkanes are natural gas and petroleum.

(a)  Nacural gas

Natural gas consists of approximately 90-95% mechane,3-10% ethane and smaller quantities of

propane, butane and 2-methylpropane.

(b) .  Petroleum

Pecroleum is 2 chick. viscous. dark-brown or sometimes green liquid conaining thousands of

hydrocarbons including mainly steaighe chain, branched and cvelic alkanes.

[t is formed from decomposition of marine plants and animals.

Perroleum contains a wide range of alkanes, from the low molecular weight gases o the high
molecular weight solids.

[n a petroleum refinery, perroleum is convérred into useful products by a process called fractional
distillation. ,

During fractional distillation, all che crude oil is introduced inco distillation units, where it is heated
to high remperarures and separaced into fractions. |

The fractions are collected over a range of boiling points.

The simpler more volatile alkanes distill off first during the process.

K f )rO'b'& & NN HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

The different fractions obtained during fractional distillation of petroleum, their distillation
temperature, approximate carbon content and uses ate outlined below;

(i) Refinery gas
This fraction is obtained at 20°C at the top of the distillation columa and is mainly constituted of
low molecular weight alkanes containing 1-4 carbon atoms.
It is used as a domestic fuel for heating ﬁsing gas cookers,

(ii) Light petroleum
This is obrained at a temperature range of 20-60°C and contains alkanes with 5-6 carbon atoms.
It is used as an organic solvenr. .

(iii) Light naphtha or ligroin
Light naphha distills ac a-temperacure range of 60-100°C [t contains alkanes with 6-7 carbon
atoms and is also used as an organic solvent

(iv)  Petrol or Gasoline

Perrol is obrained at a temperature range of 40-205”(: .This fracrion contains alkancs with 3-12

carbon atoms, including cycloalkanes. [t is used as a fuel for internal combustion engines requiring

volatile liquids. )

(v} Kerosene or Paraffin A
This fraction distills ar a temperarure range-of 175-325°C It contains hydrocarbons with 12-18
carbon atoms; including aromaics. Paraffin s used as a heating fuel and for engines requiring less
volatile liquids such as jet engines and tractors.

(v1) Gas oil , ; _
This distills ac a temperature. range of 275-400°C .It contains hydrocarbons with 18-25 carbon
atoms and is used in diesel engines.

(vii)  Lubricating oil-

This fraction contains non-volatile liquid alkanes when hot, with 20-34 carbon atoms and may

form solid waxes when cold. The solid waxes are filtered off as paraffin wax. Lubricating oil is used

as a lubricant.
{viii) Paraffin wax
This solidifies from lubricating oil. (¢ has alkanes with 25-40 carbon atoms and is as polishing
waxes and making pecroleum jelly {Vaseline).
(ix)  Bitumen (asphale)
Bitumen is a black tesidue chat remains after removal of all other fracdons. [t contains

hydrocarbons with greacer than 30 carbon atoms. [t is used for road surfacing and rooting,

3.1.3 Nomenclature of alkanes

" The IUPAC SYSTEM is used when n.arning alkanes. The principles involved in this svstem are

used in naming compounds in other homologous series as well.
The first four homologues retain cheir original names as shown in the rable below.

The other unbranched alkanes ai! have their names ending with tor “-ane”.
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The stems of the names of most of the alkanes with more than 4 carbon atoms are of Greek and

Latin origin.

Below are the names of the first 20 unbranched alkanes

No of carbon atoms ~ Molecular  Name - Structure
| formula
L ~ CH,  Methane - - CHy.
2 C,Hg  FEhane CH,CH,
30 CsHg Propane ~ ~ CHyCH,CH3 '.
4 CHyo  Bumne CH4CH,CH,CH,
5 CeHy,  Penmame CHyCHCH,CH,CH,
6 CeHys Hexane CH,CH,CH,CH,CH,CH;
L7 CHyg  Hepune: CHa(CH,)sCH; -
8 Cgtlyp Octane _ CH3(CHZ)6CH;
9 \ CoHpe ~ Nomme -+ . CHy(CHp),CH;
10 CioHpp  Decane CH,(CH,)gCH3
1 | CyiHpg - Undecane . CH; (CH2)5CH
12 - CiaHag Dodecane - . CH3(CH,)yoCHy
13 i; CpsHag  Tridecane - " CH3(CHz)1;CHy
.14 - CuHag Terradecane - CH;3(CH;)}4,CH;
150 | CigHyp  Penadecanc **'CH3(CH)15CHs
i6, CisH3a Hexadecane ' _CHJ(CHZ)MCP’[;
17 | CirHe Hepradecane ~ :, CH3(CHy)1sCHs
L8 ) Cyigllyg Ocradecane CH;(CH;)16CH4
19 I CigHao Nonadecane _ CH;(CH»)4,CH;
20 CogHuy  Eicosane CHy (CH,)1gCH;

The branched alkanes are named following the rules as shown below:
1. The longest continuous chain of carbon atoms is sclected and named accordingly.
This chain determines the parent name for the alkane. '
The following compound, for example is given the parent name pentane because the toagest
continuous chain conrains five carbon atoms:
CH3CH2CH2$HCH3
CH,

Note that the longest continuous chain may not always be obvious from the way the formula
is written. For example, that the following atkane is given the parenc name heprane because the

longest chain coniains seven carbon artoms:
CH,CHCH,CH,CH,CH;
CH,CH,

K. J Jobsy& NN HYPER
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2. The longest chain is then numbered beginning with the end of the chain nearer the
sabstituent.

For example the alkanes in (1) above are numbered in che following way:
5. 4 3 21
CH3CH2CH2(]“.HCH3
CH;

3 4 5 6 7
CH3 CHCH, CH,CH, CHy
CHCHj

The names of the alky] group substltucnts are 1dent1ﬁed and these prefix the name of the
main chain. . &

Alkyl groups are obtained when one hydrogen arom is removed from an alkane. The alkyl groups
have names that end in "-yl".

The rable below shows some alkyl group substituents.

Alkyl group |  Name of the alkyl group
— CH; o methyl
_Cﬁz(l:'[-{; - ethyl
o _CH,CH,CH; ] © propyl
~CH,CH,CH,CH,  © butyl
—CH,CH,CH,CH,CH, - pentyl

[n the particular examples in (1) above, both alkanes have a methyl group artached o the longest
carbon chain.

i

3 4 3 2 1
CH,CH, CH,CHCH,

(EH;dm methy! group

3 4 5 & 7
methyl group —» CH3?HCHZCH2CH2CH3

CH;CH,

2 1

4.

The numbers obtained by application of rule 2 are used to indicate thc‘position of
the substituent group.

The parenc name is placed fast, and the substicuent group, preceded by che number designating its
locarion on che chain, is placed tiest. Numbers are separated from words by a hyphen.

The {UPAC names of the two examples above theretore are written as shown in the table below;
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A simplified, well elaborated and illustrative approach to Organic Chemistry

ancbed alkane __ ‘ TUPAC name

CH3CHCH,CH,CH,CH;
| 3-Methylheptane
CH,CH;
5. In cases where two or more substituents are present, each substituent is given a

number corresponding to its position on the longest chain.
The subsncuent groups must be listed alphaberically (i.e., ethyl before methyl).

6.27-" When two substituents are present on the same carbon atom, that number is used
' twice.
The muldiplying prefixes such as “di” and * eri™ are disregarded when dec1d1ng the zdphabemca.l e
order. Some examples are shown in the table below o apply rules 5 and 6:- SRR
Branched alkane : [UPAC name
; 'CH3(I:CHZCHZCH; | Z-Edhyl-2Z-methylpencane )

CH,CH,
‘ CH3CHCH2$HCH'2CH3 4-Ethyl-2-methylhexane o

B CH,CH,
g} 7. In cases where two or more substituents are identical, they are indicated by the use
=3 of the prefixes di-, tri-, tetra-, and 5o on.
E Commas must be used to separate the numbers from each ocher. For example:
% Branched alkane [ UPAC name
© CHs o
CH3$CH3 ‘ 2,2-Dimechylpropane
CH, ‘
(s
CH]CHFHCH] l,i-Dimechylbucane
CHy

Rffob*:frf\’N HYPEIL
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8. When branching first occurs at an cqual dlstance from either end of the longest cham,

choose the name that gives the lower number ar the first point of difference.
For example:

6 5 4 3 2 1
CH3(EH2EH2(]“,H(%HCH3
CHy  CH,CH,
2,3,5 - Trimetiylhexane

1 2 3 456
NOT QH€$HZCH2?H§§{CH3
CH,  CHyCH, -
Z,4,5— Trime;hylhexaﬁe
The cycloalkanes are named as shown below:

1. Cycloalkanes with one ringand no substituents are named by counting the number

of carbon arotns in‘the ring a prcﬁx “cyclo” is added to the name of thie alkane with
that number of carbons. '

Some examples are shown in the rable below

Structure of cycloalkane TUPAC name
| A T I | ' Cyt:lopropanc
Cycloburane

Q % | Cyclopencane

Cyclohexane

Note: In cycloalkanes, each catbon atom corner indicates 2 carbon atom and each line
represents a bond between any two carbon atoms. Each carbon atom is therefore bonded to

two other carbon atom and two hydrogen atoms which are not usually shown.

2. For cycloalkanes with one ring and one substituent, the name of the substituent is
added to the beginning of the parent name.

For example;

Strurrure af cyclaa:lkane [UPAC name

Q/ Methylcyclohexane

i ; Ethyleyclopenrane

De&nygfﬁfyt_-wtg' O FEHLLLC Chewiial v

£
a,
i'-\
T
2
P
b
=~
=
-
5
S
§
[l
Q
O
S
L,
=
<
5
Q

E CamScanner




A simplified, well elaborased and illustrative approach to Organic Chemistry

Jauued25wWwIe?D) E

| K. J. Joby & N.N. HYPER

3. For cycloalkanes with one ring and two or more substituents, begin by numbering

the carbons in the ring, starting at the carbon with the substituent that is first in the
alphabet and number in the direction that gives the next substituent the lower
number possible. The substituents are then listed in alphabetical order, not according

to the number of their carbon atom.

Structure of cycloalkane o TUPAC name
Rt 2,3-Dimethylbutane
\CHQ' ...‘ R
CH,CH;

i 1-Chloro-3-ethyleyclohexane

.
o4

o ;

3.1.4 Isomerism in alkanes
Methane, ethane and propane do not exhibit structural isomerism.
Butane and higher alkanes exhibit chain isomerism i.e. all the isomers are due branching of the

hydrocarbon chainhence referred.to as chain isomers or branched chain isomers...

‘Burane has two isomers i.e. n-butane and 2-Methylpropane

-
T . o

There are theee isomeric pentanes as shown in the rable below:

Structural formula Name of the isomer
CH,CH,CH,CH,CH; Penrane or n-pentane
CH4CH,CHCH, -
, éHJ- 2-Methylburane
CH, |
CH3$CH3 2,2-Dimechylpropane
CH; '

The number of isomers progressively increases with increase in number of carbon atoms.

3.1.5 Physical properties of alkanes

(a) Physical state _

The Arsc four members of the homologous series of unbranched alkanes (mechane, ethane;
propane and butane) are gases at room emperature {25°C) and | atm pressure

The C5 — Cy7 unbranched alkanes {pencane hepradecane) are liquids. and the unbranched

allanes wich 18 2nd more carbon aroms are ull solids at room temperature.

-
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(b)  Boiling points

The boiling points of the unbranched alkanes show a regular increase with increase in molecular
weight,

Qn. The table below shows the boiling points some straight chain alkanes

Alkane CH4, CZHG C3 Hﬂ

Catlyo | CsHig | CgHig | CoHyg

Boiling point(®°C) | —162 -89 —472 —-0.5 36 69 98

(i) Plot a graph of boiling point against molecular mass of alkane

(ii) From your graph in (i) above, determine the boiling point of octane

- (iii) Explain the trend in boiling points of the alkanes.

Boiling point increases from methane to heprane.
This is because molecules of the alkanes are held by weak van der Waals' forces of attraction

whose strength increases with increase in molecular weight and molecular size. Therefore, an

- increasing-amount of energy is required to separate. molecules from one another for boiling to

occur. - .-

. Note: Branching of the alkanes lowers the boiling point. For example, the some of the

isomers of hexane show the variation in melting point as shown below:;

: Lomer Name ﬂffhf isomer Boiling point("C) '
CH3CH2CH2C[{2CH2CH3 HEXH_IEIE . 68_7
i CH,CH,CH,CHCH, ‘ ' Z;E\f[ethylpgntane ’ .
R éH} . ? 60-3
CH, |
CH3CH(]',HCH3 2,3-Dimethylbutane 38
CH3 i -

The boiling points decrease from hexane to 2-Methylpentane to 2,3-dimethylbutane as |

branching increases.

This is because increased branching makes molecules of the branched isomers to have a nearly

spherical shape (more compact) which reduces their surface area hence weaker Vander Waal's

forces of artraction will exist berween the adjacent molecules. ‘

Hexane is a straight chain molecule which gives the molecule an exrended structure resulting
into relatively stronger Vander Waal's forces.

(c)  Melting points

The straight chain alkanes do not show the same smooth increase in melting poincs with increasing
molecular weighr a5 they do in their boiling points.

There is an alternacion from an unbranched alkane with an even number of carbon atoms o

the next one with an odd number of carbon atoms.

Demyslifriew Craatade Chemdstry
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A simplified, well elabarated and illustrative approach to Organic CI)emishy

Jsuuesswe) (5

CH,;CH,CH,COONa Sodalime oy cH,CH, + Na,COs
: heat _ ‘

The reaction is called decarboxylation because elements of carbon dioxide are removed from the

molecules. 7

The reaction therefore results into formation of an alkane with one carbon atom less than the

original compound.

[nstead of a sodium salt of a carboxylic acid, the carboxylic acid itself can be used as shown below;

CH,co0H —Sodalime o ey 4 Na,CO,

heat
CH,CH,CH,COOH Sodalime __, ¢y cH,CH; + NayCOy
heat _
(e)  Grignard reaction -

During the Grignard reaction, , the Gngnard reagent is prepared first by adding an echereal
(ethoxyethane) solucion of an alkylhalide (RX) to magnesium trnings or granules and the mixture

allowed to stand.

- The magnesium dissolves o form a cloudy solution and hear is liberared.

The cloudy solution is a solution of an alkylmagnesmm halide (RM gX) thar is called the Gnrrnard

[EElUEHIZ

The Grignard reagent forms an alkane on treatmenc with aqueous hydrochloric acid or sulphuric

acid. .
Mg " H,0/dil. HCl
5 » RMgX 20/ > RH
dry ether : or H,0/dil. H,S0,
E:cam.ples.. .
| Mg H,0/dil. HCl
CH,CH,CH,Br . —» CH,CH,CH,MgBr > CH4CH, CHj
dry ether
Mgl
Mg f H,0/dil. H,50, ‘
CH4CHCH, CH, »  CH,CHCH,CH, » CH, CH, CH,CH,
dry ether : ‘
& Clemmensen reaction

Alkanes can be formed by reduction of carbonyl compounds (aldehydes and kerones).
This is done by treating the cacbonyl compounds with amalgamared zinc and concentrased
hydrochloric acid and chis reaction is called the Clemmensen reacrion.

Examples;

KIJO'ZJ'S erN H‘r’PEh
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Al,C; + 12H,0 > 3€H, + 4Al(OH);

CHyCHO —Z0/HB o o cn,
Conc, HCI
Zn/Hg
CH,CH,CHO » CH;CH,CH
e Conc. KCl .
CH,COCH,CH; —28/M8 ey o, o, CH,
Conc. HCH

(g  Kolbe syﬁthcsis

~ This method involves electrolysis of a sodium salt of 2 monocarboxylic acid in aqueous methanolic

solution using platinum electrodes. The alkane is obtained at the anode and hydrogen is evolved
ar the cathode. '

This mechod is only suitable for preparing symmetrical alkanes.

CH,COONa — » CH,C00~ + Na*

At Platinum anode:

2CH;C00~ + CH;CH; + 2C02 + 2e
(h) Hydrolysts of a.lurmmum carbide or beryllium carbide —

This method can only be used to prepare methane.

When aluminium cacbide is treated with warm water, methane is formed.

Beryllium carbide undecgoes a similar reacrion.

Be,C + 4H,0 - » CH, + 2Be(0H),

Aluminium carbide can also be treared with diluce hydfochloric acid.

AlCy + 12HCL — 3CH, + 4AICl,

3.1.7 Chemical properties of alkanes

Alkanes are generally inert ©0.many chemical reagents as compared to alkenes and alkvnes.

They are resistanr to artack by mineral acids and known o‘cldlsmv agenis

For cheir reactions to occur, a fairly high temperarure, a photochemical or peroxide initiaror
may be required.

_The following are the reasons why alkanes are characrerized by ineceness;

(D) The carbon-carbon and carbon-hydrogen bonds are quite strong (have very high |

" bond energies) hence not easily broken unless alkanes are heared to very high
[ﬂmpcfafufts.

(ii)  The carbon-hydrogen bonds of alkanes are only slighdy polar because che carbon

and hydrogen atoms have nearly the same electroncgativiry. Thf:rcforc alkanes are

generally unaffected by most bases.

(iif) ~ Molecules of alkanes have no unshared electrons ro offer as sites for atrack by acids.
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Some of the reactions undergone by alkanes are shown below; 7

(a) Combustion _
Alkanes burn in excess oxygen with a non-smoky flame producing carbon dioxide and steam.

The teaction is exothermic (produces heat) and proceeds via a high temperature free-radical

mechanism.

General equation;

3n+1
Jo.

CnHZl‘H’-Z + ( 9 > nC02 + (n + 1)H20 AH = —x k]rn(:)l—1

For methane;
CH@(g) + 202(8)—*C02(g) + 2[—[20(1) AH = —-890 k]le" L

quuld alkanes such as octane must be vapourised before they burn;
‘ 25
CBHm(g) + ?Oz(g) " 3C0,(g) + 9H20(l) AH = —-5510 kJmol™!

However the incomplete combustion of alkanes due to limited oxygen yields carbon monoxide,

2 poisonous gas leading to air-pollution. S

(b)  Cracking ‘
Cracking is the cleavage/breaking of alkanes, particularly in petroleum by hear ( pytolysis).
Alkanes from kerosene are passed through a mertal chamber in the vapour phase and heated to 400-
700°C in presence of aluminium oxide and silicon(IV) oxide as catalysts.

The alkanes are broken down to form smaller alkanes, alkenes and some hydrogen.

Alkanes with  Al;05/5i0, Alkane with

+ alkene(s) + Hydrogen
large molecules  4p0 _ 7pgec  smaller molecules

Example
Al,04/5i0, |
2CH; CHyCHy(g) — 222 =2v Chy () + CHCH = CHa(g) + HoC = CHy(g) + Hale
400 - 7000C T F * : 2(8)  Hh(e)
(c) Chlorination .

Alkanes react with chlorine in presence of ultra-violet light orara temperaturé of 230-400°C wo

form a mixture ot products.

- Methane, for example, reacts vigorously under the above conditions o form Cth[’Ul’ﬂt{hdﬂC

K. J. Joby& NN, HYPER

(CH3CD. dichloromethane(CH,Cl5). trichloromethane (CHCHy) and tetrachloromechane (CCL).

- Hydrogen chloride is also formed and the reaction is a substicution reaction.

When an excess of methane is used, chloromethane is the predominant product.

CH, .Cl’. » CH;Cl + HC!
u.v. light :
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»

Explanation of mechanism for the reaction;

* The reaction is initiated by homolytic fission of chlorine molecules to form chlorine free
radicals which are highly reacrive.

* The chlorine radicals then react with methane molecules, abstracting a hydrogen atom
from each to form hydrogen chloride molecules and methyl radicals.

»  The methyl radicals then react with other chlorine molecules to form chloromethane and
more chlorine radicals,

[ustration of the mechanism

1. Cll/\.\/gl —p 2(':1]» chain iniriar.ian

2. c—LR‘h — +CHy + HO

/\/\ : chain propagation

3. HyC ol ———> CH,Ci+ ©I

cl + H;EI — CH;Cl | chain termination

N |
HiC + HyC ——> CH;,CH]}

Steps (2) and (3) are repeated to form the further produc'r_s named earlier.

Merthane undergoes bromination. (bur not iodination) by a similar mechanism. Fluorination is

violent and dangerously exothermic.

Higher alkanes react with halovens by a similar chain mechanism but the reactions are slower than
that of methane.

Note: Alkanes can also be chlorinated by refluxing them with sulphur dichloride dioxide
(sulphuryl chloride) ar 40-80°C using di(benzoyl)peroxide as a catalyst. This is a berer

syntheric reaction since ic doesn't form a mixeure of products.

S0.€l. /dl(benzuyt)perande

RH » RCl + HCl + 50,
40 - 80°9C
For example:
SOZCI3l/di(ﬁurlzoyi)pera.ride
CH, > CH,Cl
103 - 80°C
30,01, /dl[benzuﬂ)uamrrda
CH;CH,CH; * CH4,CH,CH,CI
_ 40 - B0°C

(d) Nirtration of alkanes

Alkanes react wich nitric acid vapour at | 30-400°C w0 torm nicroalkanes.

- Desnystifving Organce Chesnistiy
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A simplified, well elaborated-and illustrative approach to Organic Chemistry

For example;

3.1.8

g K. . Joby & NN HYPER

HNO,

CH3CHs o0 sooec _.

CH4CH,NO, + Hz0

Uses of alkanes

Due to the heat produced by the combustion of alkanes in excess oxygen, they are used as
fuels in internal combustion engine, gas cookers, aviatidn fuel, ships and electric
generators. .

Methane is used in the formation of a mixture of carbon monoxide and hydrogen

(known as synthesis gas). The synthesis gas is in turn used to manufacture methanol.

Ni catalyst

CH‘{, + Hzo —_— CO + BHZ
900°C, 3atm K
CO + 2H, —2A 5 cH,OH

- Methane is also used to make chloromerhane (used to make silicones) and dichloromethane

(an imporrant solvent) by heating it with chlorine at-400°C.

Meshane is very important in the manufacture of ethyne.

- Methane is also the principal soutce of hydrorgen cyanide. -
~ Echane and propane are used to make ethene and propene which are used ro make plastics. .. .

- Propane can be used in boctled fuel and to make.nitroalkanes when heated with nicric acid

vapour at 350 °C. The nicroalkanes ate used as solvents. ©
Butane is a major source of ethanoic acid.

Cyclohexane is used to make hexane-1,6-dioic acid, a monomer for manufacrure of nylon.




A simplified, well elaborated and illustrative approach to Organic Chemistry

3.1.9 End of subtopic assessment exercise
L. Give the JUPAC name of each of the following;

ALKANE [UPAC NAME
0 CHCHOCHCH [ T
CHaCHCH, CH;
. CH,
: Hy
CH3CH CCH,CH;
- CHy 3
-
CHCHCH, CHCH, S
CHy  CH,CH, % g
l_[3 E S . 2 E
CH3CH,CCH,CHy - 2 8
| CHyCH; ‘QE
CH,CH,CH,4 N £
‘ 5 O
2. Draw the sertierural formula of each of the following; " OEO
Name Structural formula ' lé)
2,5-Dimethylhexane E
[
2,3-Dimethylburane E
2,2 4-Trimechylpentane 5
Q

3-Ethyl-2-methylpentane

4-Ethyl-3.4-dimethvlheprane

2,2,3.3-Trimethvipentane

; 3-Bromo-2-chloropentane

Devitvstibe v Orgeonde Chend stiry
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3.  Complete the following equations and write the [UPAC name of the main organic

product formed in each case.

: Ca0 _
()  (CHy),CHCOOH + NaOH =
. CHO tg
o : - Conc. HCI
: In/Hg
; | CHsCOLt Conc.HCI
| 7n—Cu
d) H,CH,C! : s
(d) _ CH;CH; et_harlol (ol
(¢)  CH;CH,CH,COONa _Ca0(s)/NaOH(s)
' - heat
dry ether

(  CH;CH;I +Na

4. Complete the following equations and in each case write 2 mechanism for the

reaction. - . : N
Br; ' ]

CH,CH,CHy > . L
(a). 3CHaLHy u. v light A

- .

| Br ’
b Q CH. .,
E ) 3 u. v light

Write an equation to show how the following co nversions can be effected. In each |

W

case. indicate the necessary reagents and conditions.

(a) Propane to chloropropane
(b) Ethanoic acid to methane
(c) Propene to propane . . F
(d) Chloroerhane to burane

6. (a)-  Describe any four methods of preparing ethane in the faboratory. [n

- each case, name the reagents and state the condltlons requlred Include

Jsuuesswe) (5

equations in your answer.
(b) Briefly explain the reaction of methane with chlorine. [nclude a

mechanism in your answer.

7. 20cm’ of a gaseous s hydrocarbon W were exploded with 120cm’
of Oxygen. After the explosion, the volume of gases remaining was cm* and this

decreased to 30cm’ on rrearment with aqueous porassium hydroxide.

7\. f_fﬁb’& &r NN HTPE?




A simplified, well elaborated and illustrative approach to Organic Chemistry

L L.

(a) Determine the molecular formula and structural formula of the
hydrocarbon.
(b) Write equation to show how Wcan be;

(i)  synthesized from ethyne

(i)  converted to chloroethane. ,
15 em’ of a gaseous hydracarbon were exploded with 105 cm? of oxygen in a sealed
vessel after cooling, the residual volume occupies 75cm?. On addition of caustic
potash, there was a diminution of volume to 30cm?. Determine the molecular

formula of the hydrocarbon.

(i) Write equation for the complete combustion of the hydrocarbon.

(i) Briefly explain how the hydrocarbon above can be obtained from 2 -

bromopropane. (No equation is required)
A mixture of 10 cm® of 2 gaseous hydrocarbon 100 em? of ‘eg’ccss oXygen were
exploded. The volume after explosion was 75cm® and this was reduced to 35cm’

on treatment with potassium hydroxide solution.

(i) Deduce the molecular formula of the hydrocarbon. ,
(i) . Write the structural formulae of all the possible -isomers of the
hydrocarbon.

(a) \then 8.8g of a hydrocarbon Zwas burnt in excess air, 14. 40 of

water and 13,44 dm? of carbon dioxide were obrained ar stp. Determine

the empmcal formula of Z,

(b) The vapour density of Z is 22. Determine the molecular formula and
name of Z.

(c) Write an equarion to show how Z can be prepared from a Grignard
reagent.

Explain each of the following observations.

(a) Hexane boils ar 68°C whereas 2-methylpentane boils ar 60.3°C yet the
two compounds have the same molecular mass.

(b) Burtane has a higher boiling point than ethane.

Desnyitifving Organic Chemdstry

DEMYSTIFYING Organic Chemistry: K.J. Jobs & N.N. Hyper

E CamScanner




A simplified, well eluborated and illustrative approach to Organic Chemistry

]
o
=
L
0
&
=
=
o
=

3.2 Alkenes
3.2.1 Introduction

Alkenes form a homologous series of unsaturated hydrocarbons containing at least one carbon-

carbon double bond with the general formula CpH 2y, for the aliphatic ones; where 7. = 2.

The cyclic alkenes for example cyclohexene and alkadienes (alkenes with two double bonds), have '

a general formula; CpHan—2-
The functional group possessed by alkenes is the catbon-carbon double bond i.e

Neo”
VN
3.2.2 Nomenclature of alkenes ‘
The TUPAC SYSTEM is used when naming alkenes just as ic is for alkanes.

The TUPAC tiiles for naming alkenes are similar in many respects to those for naming alkanes:

L.~ The parent name is determined by selecting the Ioﬁge:t chain that contains the double bond

and changing the ending of the name of the alkane of identical length from -ane to -ene.
Therefore if the longest chain contains four carbon atoms, the parent name for the alkene is

butene; if it contains five carbon atoms, the parent name is pentene, and so on.

2. The parent chain is then ,ﬁu}nbered s0 as to include both carbon atoms of the double bond,
and-the numbering should begin at the end of the chain nearer the double bond.
‘The position of the double bond is specified by appropriate number berween the stem name and

‘the‘ending -ene except for ethene and propene without positional isomers. Examples;

Structural formula TUPAC naine
H,C = CH, i Ethene
CH5CH = CH, _ Propene
CH,CH,CH = CH; E But-1-ene
CH;CH = CHCH;4 Buc-2-ene
CH,CH = CHCH,CH,CHy |  Hex-2-cne
CH,CH,CH,CH,CH = CH, | Hex-l-ene |

K. J. Joby& NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

3. The locations of the substituent groups are indicated by the numbers of the carbon atoms
to which they are attached.

The substituenc groups must be listed alphabetically (i.c., chloro before methyl).

Structural formula TUPAC name
‘ ; e 2-Methylpropene .- - -
CHyC = CHCH3 | C 2-Methylbuc-2-ene
| ? |
CH,
" CH5CHCH = CH, 3-Methylbut-1-enc
CHj : | o % g
- '5-Chloro-2, 3-dimethylpent-2- X
| CH3$ = (|3CH2CH2C1 o ora-z, >-dimethylpent-Z-ene 2 E |
CHy CH; : z =
B s @
- CH=CH, R 5 E
- % Phenylethene : o
S | po
. CH = CHCH &
AN 3 -2
_ |-Phenylpropene E '
%/’_ ) $." - S .‘G a
"""" 4. The cyclaalkene: are named by couriting the number of carbon atoms in the ringanda '§O-
prefix “cyclo” is added to the name of the alkeene with that number of carbons. S
.Examples are shown in the table below: * _ g
Structural formula of cycloalkene IUPAC name E
, ! S
/ ! Cyclopropene S
: | -
Q

Cvcloburene

Cyclohexene

Desnyitifveng Organic Chewiesbiv
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5.

With substituted cycloalkenes it is not necessary to specify the position of the double bond since

The substituted cycloalkenes are numbered in the way that gives the carbon atoms of the
double bond the 1 and 2 positions and that also gives the substituent groups the lower

numbers at the first point of difference.

it will always begin with C1 and C2. Some examples are shown in the table below:

i 6.

J2uued25wWIeED E

Structural formula TUPAC name

_ 2,4—Dimcthylcyclohexahe
1 L. ' .
l : (not 1,5-Dimethylcyclohexane)

HsC CH, - (not 1,3--‘Dimed1ylc:yclohexanc)

Compounds containing both a carbon-carbon double bond and a hydroxyl group are

named as alkenols (or cycloalkenols).

For example; o
Structural formula [UPAC name
CHy - e
| ' '3-Methylcyclobcxcne—1-o[
OH - o
H
CH-_;,CHC — %HCH] 4-Mechyipcnt—3-ene-2-ol
' CHy

7.

When an alkene has mare than one double bond, each double bond is given a position.

For example;

= = '
HaC llCH CHa 2-Chlorobura-t,3-diens
C

K. J. Jobs & N.N. HYPER -
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3.2.3 Isomerism in alkenes
Alkenes exhibit structural isomerism.

They also show geometrical isomerism (cis and trans isomers) due to prevention of free rotation
about the double bond.

However, we shall deal with structural isomerism for this specific homologous series.

Under structural isomerism, alkenes other than ethene and propene, show both chain and

positional isomers.

Positional isomers differ by position of the carbon-carbon double bond.

Alkenes with 3 and mare carbon atoms are isomeric to cycloalkanes.

Examples:

C4Hjg has three strucrural isomers. Their strLIctural_ formulae and [UPAC names are shown below:

Structural formula [UPAC name | % |
CH3CH,CH = CH, Buc-1-ene H
CH,CH = CHCH, -~ Bur-2-ene E
CH?‘(I:': CH, r2-met_hy[propene o
CHq E

CcHyg has che following structueal isomers.

Structural formula IUPAC name
| CH4CH,CH,CH = CH, Pent-1-ene )
CH3CH,CH = CHCH; Penc-2-ene

CH3CH2CI: = CHZ
CHq

CHyC = CHCH,
CH-

CHyCHCH = CH,

CHs
N Cyclopentane
™ Echylevclopropane
> CH,CH,
-

2-Methylbut-1-ene

2-Methvlbuc-2-ene

3-Methylbut-1-ene

Devvstifvengs Orgeunic Chendstiy
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_—CHz 1,2- D:methylcyclopropane
CH, -

. CHy i 1’1fDimet-hy[Cx¢qumpm_e.
CH

3.2.4 Physical properties of alkenes
.- As a class, the alkenes possess physical proécrties that are essentially the same as those of the
corresponding alkanes. o
(a) Physicél state

Alkenes up to four carbon atoms (ethene, propene and butenes) are gases at room temperature.

Those wich 5-8 carbon atoms are liquids. Higher members with more than 15 carbon atoms are

solids at room temperature.
(b)  Boiling points

The boiling points ofalkenes increase wu:h mcreasmcr number of carbon aroms.as with the alkanf:s

The boiling poin rise is about 20 30°C For each added carbon atom, c‘ccepr for the very small .

homologues.

Qn.  The table below shows the boiling points some alkenes

Alkcncs E ~-C2H4 B C3 HG C4_HB . C C;ng
‘ Boiling point(°C) —-102 —48 -6.5 30

Explain the trend in boiling points of the alkenes.
Boiling point increases from ethene to propene to butene to pentene.
This is because molecules of the alkenes are held by weak van der Waals” tocces of artracrion whose

strength increases with increase in molecular weight and molecular size.

As for alkanes, branching lowers the boiling point.

This is because increased branching makes molecules of the branched isomers o have a neacly
spherical shape {mote compact) which :educeﬁ their size (surface area) hence weaker Vander Waal's
forces of atrraction will exist berween their molecules. ‘

However, the scraight chain molecules have an extended structure resulting into celarively stronger
Vander Waal'y forces.

The boiling point of an alkene is very neacly the same as thar of the alkane with the same number

of carbon atoms.

K. [ Joln & NN HYPER
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(c) Density
Alkenes are less dense than water.
{d) Solubilicy

Alkenes are virtually insoluble in water but soluble in non-polar organic solvents such as
trichloromethane (chloroform), ethoxyethane (cther) and benzene.

3.2.5 Preparation of alkenes by cracking

Alkenes are obtained in the petroleum industry by catalytic cracking.

The part of the light gas-oil fraction obrained by fractional distillation of crude oil, which is not
needed as a fuel, is heated in presence of a catalyst at high temperature.

The large molecules are broken down to form smaller molecules.

The gas oil vapour-is passed through a fine powder made of aluminium oxide and silicon(IV)
oxide (sometimes containing small quantities of nickel or tungsten) and heared to 400-700°C.

+ . One of the products of this catalytic cracking is a gas known as refinery gas which contains the
alkenes; ethene and propene as major consrituents.
Example

Al,03/Si0;
400 — 700°C

ZCHJCHECHg(g) CH4( ) + CH4CH = CH,(g) + H,C = CH,(g) + H,(g)

3.2.6 Laboratory preparauon of alkenes

) Alkenes are generally prepared by elimination of one atom or groups frorn two adjacent carbon

atoms mainly from alcohols and haloalkanes.

(a) From acid catalyzed dehydracion of alcohols.

The alcohals are heated with excess concentrated sulphuric acid or phosphoric acid at 360°C.
The reaction involves removal of water molecules hence known as dehydration reacrion.

The temperature and concentration of acid required to dehydrace an alcohol depend on the
structure of the alcohol.

Primary alcohols are the most difficult to dehydrate. For example dehydrarion of ethanol requires
concentrated sulphuric acid and a temperature of 180°C.

Secondary alcohols usually dehvdrace under milder condicions. Cyclohexanol. toc example,
dehydrates in 85% phosphoric acid at 163-170°C.

T:crtiary alcohols are usually so easily dehvdraced that relatively mild conditions can be used.

2-mechylpcopan-2-ol, tor example. dehvdrates in 20% aqueous sulphuric acid at a temperature of

85°C.

Desryy ﬁf)/frﬂg*’ Oirgeunec C henusty
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The ease of dehydration of alcohols is therefore: «

Tertiary alcohol > Secondary alcohol > Primary alcohol
Note
Since any class of alcohols will be debydrated at 1B0°C, this temperature can be used in all cases
involving concentrated sulphuric acid, '
Similarly, 360°C can be used for all cases involving concentrated phosphoric acid.

The mechanism for the reaction occurs in the order;
(i) protonation of alcohol
(i)  loss of water molecules by. protonated alcohol to form a carbocation

(iii)  loss of a proton by the carbocation to form the alkene.

Examples
~ conc.H,80, o
1' o CH3CH20H — Hzc = CHZ +H20
: : 180°C :
Mechanism . 7
H,S50, ———— H* + HSOY

.1/_\* i +
CH]CH_E 0 H CH3CH2 - 9 HZ

HoC= CHy, < H,C~CH,
}_}.
H*"—-\
0S05H
(\{OH conc. H,50, 7
2. \/l 180°C - i + H,0
Mechanism
H,50, —==—— H*+ HSOj

K. J. Joby& N.N. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

+
_ '("/\)H"‘H"L H,
—H,0

: .
HS0, + O <

Note: As seen in the mechanisms above;

. I
- o A carbocation is formed during the mechanism. §
*  The stability of the carbocation formed depends on the number of alkyl groups artached m T
to it. ' 2 E
' ) Z @
»  The stability of che catbocations formed therefore increases in the order: 5 2
Primary carbocation < secondary carbocarion < tertiary carbocation 2 E
o.. A hydride shift or a methyl shift may occur if a mechanism involves a primary "9\ 5
carbocartion so as a more stable secondary or tertiary carbocation is formed. ")
3. CHyCH,CCHy ———3—% CH,CH = C(CH3); + H,0 3
| L 360°C $
OH 0
. Lt o
Mechanism : 3
B .' ) g
HjPD; T“t Ht + 0PO4H, éu _
' ) O
CHs Hy Ly fHs é
CH3CH,CCHy ———> CH3CH2{IJCH3—-> CH,CH = CCH; E
i —
OH H* 0OH, " He 2
. ”.-f + p 2
- ‘, PO, H, R
R
2 — Methylpent - 2 — ene
conc. H,50,
4, CH,CH,CH,CH,0H > CH,CH = CHCH, + Hs0
180°C
Mechanism ,
H,50,  =======  H* + 0S0,H

b
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CHaCHzCHzCHZ(.)H > CHBCHz(:HzCHZ - (-?-Hz

HY
~H,0

+ / Hshift +
CHyCH,CHCH; == CH;CH,CH,CH,

+ .
CHCH x CHCH;  ———> CH3CH = CH,CH;
5 .

!
0S0,H

CHZCHéOH conc.Hp80, CH=CH,
5. @ 180°C _ . + H0
H,50, ————=— H' + DSO;H

+
CH,CH, O H,

_/CH,CH, O N
o — w

+ . +
CH,CH, — OH, CH,CH,
+ M-
@ S U S @ T £ HO
0 CH - CHy CH=CH,
O L ’ ©/ + H,S0,
m —_—
3 550 H |
L
H, 6. Easy dehydration of alcohols follows the order, 3" alcohol > 2" alcohol > 1V alcohol.
=
= excess conc. H;POy , ,
heat ?
- CHs
Mechanism

+ —
(CHy)sC— QH ———— (CHy);C— Oy + 0PO,H,
A
->H — QPO3H;

(CHy)yC— OH, =1 (CHy)C o+ Ha0

| K. J. Joby& NN. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

CHy
i .
CHy - C KEHZ - CH;,?H =CH, + H;PO,

OPO;H,
N.B. The deﬁydration of alcohols can also be done by passing alcohol vapour over aluminium
oxide catalyst heated o 360°C. ' .

ALO,
CH,CH,0H > H,C=CH
P 3600 : ?
| (b)  From dehydrohalogenation of halohydrocarbons
Dehydrohalogenation of haloalkanes is carried out by heating them with an alcoholic solution of

o
"
» 2
potassium hydroxide or an alcoholic solytion of sodium hydroxide. o T,
The reaction is usually done'with secondary and tertiary alkylhalides for a good yield of the alkene. = =
[fa primary alkylhalide is used, then it should have more than two carbon atoms. = 05
: M . H ~b E
Examples ':'i 'If'
gr - excess KOH Q
i /CH3CH,OH : E
1. CH,CHCH, ~CH,CH = CH, + KBr E

heat
- Mechanism _
© CH;CH,0H + KOH ————» CH,CH,OK* + H,0
T CHCH,DK* — > CH,CH,O + K*
Br

CHyCHCH, = CH,CHCH, + B~

CH,CH = CHy ————> CHyCH = CH;

He
OCH,CH,

R
B
=
U
8
TR
S
Q
%!
2
S
=
$
€3]
g

K* + Br- — > KBr

. (|:1 = o . CH]
: CH,CH,O0K* /et | I
) ,_\ —C(CHy), M fethang —C=CH, + KCl
- heat .
Mechanism
CH3CH,OK*Y ————=~ CH,CH,0 + K+
. o o
T og(eHy), === C-CHy + O

Denyytifyving Organdie Chantabry
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]
&
=
L
0
&
=
=
o
=

(1:H3 ?HS
@' Hz I C=CH;

OCH, CH,

Kt 4+ CI7 KCl

(c) From alkynes
Alleynes react with hydrogen in the presence of Lindlar caralyst to form alkenes.
H,

" CH,C =CH ——— CH,CH = CH,
: Lindlar catalyst . -

H, - _
@C =CH -
_~Lindlar catalyst
Note -

Industrially, pheny[ethenc is Forrncd by dehydrogenation of phenylethane at 600°C in presence of

'—CH = CH,

(@]

zinc caralyst.

ST Zn

'/\

i/ TCH,CH -
-\_'{ 2= ) 600°C

— CH = CH,

1]

However, instead of zinc, iron{III} oxide or magnesium oxide can be used ar the same temperacure.

(d) Dchalogcnatmn of Vlcmal dihalides.

Vicinal dihalides are alkylha.hdes m whlch the halogen atoms are atrached to the adjacent carbon
atoms.

When vicinal dihalides are heared with zinc, alkenes are formed. ‘
However chis method is severely limited by the fact that these dihalides are themselves uenerall
prepared from alkenes.

Example
in
CHzBrCHzBr CH? = CH;_v
Heat )
- a _ in
CH4CH,CHCH,CI CH;CH, = CH;
Heat

3.2.7 Chemical properties of alkenes

Alkenes are highly reacrive compounds They undergo elecerophillic addition reactions.

-This is because alkenes have carbon-carbon double bonds which are a source of m-electrons. The -

double bonds are therefore a centec of high electron densiev and cherefore readily artacked by
electron deticient species {electrophiles)

(n the addition reactions, the double bond is converted to a single bond and atoms or groups of
atoms are added to cach of che vwo cacbon atoms.

The additions may proceed through Free radical mechanism or ionic mechanism.

if‘kjﬁM&NNme




A simplified, well elaborated and illustrative approach to Organic Chemistry

(a) Halogenation

Alkenes react with bromine or chlorine in presence of tetrachloromethane (carbon tetrachloride)
to form vicinal dihalides at room temperature in the absence of light.

In the presence of light, free radical addition rakes place.

Ethanoic acid can be used instead of tetrachloromethane:

Examples

Cl

]
CH;CHCH,Cl
- 1,2 — Dichloropropane

Cl, /CCly

M CH,CH = CH,

Mechanism
‘ . .
CH3CH =CH, ———CH CHCH2 €~ CHCHCH,CI % .
: i+ 6- L)
\*Cl l Cl_\f = =
: \ -
Ch e ;,.-m '
CH 3
(ii) (Y e, /\<Br 55
~ \/\\Br : O
M
Mechanism E'E
: -'f\\ 3
N, &
. .. Br~ )
. ) - CH, (CH, Y
s g+ g- Y | /\“Br 8
~_-"Br—=8r ° : - S
) \/\BI' \./ \B{' 6
- The name of the product is /,2-Ditbromo-{-methylcylcohexane. g
_ Cl E
. Cl, /CCl, Ny
(iii) . —CH= CH 2/CCly u,—CHCH cl E
—_— \_/ E
1.2 — Dichloro — 2 - phenylethane 1]
Q
Mechanism
_ —CH=CH, ——= _ —CHCH,CI
— 8+ —
“—Cl — Cl cl
. ~"CHCH,C
Tl

N.B. The above reaction wich bromine is a useful test for unsaturazion.

Observation: The reddish-brown solution turns colourless.

Dewystifvoag Orgaric Chemistry
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(b)  Addition of bromine watet/ chlorine water.

Alkenes react with bromine water or chlorine water to form corresponding bromoalcohols or

chloroalcohols.
Examples
Brz/Hzo .
M CH, = CH, ——> BrCH,CH;0H + HBr
Mechanism
Br, + H,0 ———— HOBr + HBr
. .
HyC = CH, ———> HyC — CHy——>BrCH,CH,OH
\\ . 8- ‘ L
By - OH Br OH
| \/
Alrernarively,
+ +
HyC=CHy  ———H G = CHy—— BrCH,CH, — OH,
84+ 6- . .
p. Br—Br Br "~OH,
5 it
' BFCH2CH20H
CH cl o
A Yk - CH -
R )N T Ch/te0 ¢+ Ha -
j PR / , : o _
B Mechanism
O Cly(z) + H0) T—— HOCl + HCI
O
. a N
L 1 "
3 AV AN
:. : . 8+ a - +
g . “;/"CI—ZQH ;
- -
Cl
. CH,

K. J. Joby & N N HYPER
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Alternatively

_ ' | .
CH; ¢4;;:\\\\:0H2
6+ &-— R
»Cl -\gl + CI-

?l
[ CH, |
CH, .
\ T OH, -
X 0OH Lt

Sample question

Methylpropene reacts with bromine water to form 1-bromo-2-methylpropan-2-ol as the major

product but not |,2-dibromo-2-methylpropane. Explain this observation.

- 2-Methylpropene reacts with bromine to form a carbocation/carbonium ion and a bromide ion.
Since water is present in excess and is a better nucleophile than the bromide ion, it atracks che

carbocation to form an unstable- intermediate which loses a proton to form 1-bromo-2-
methylpropan-2-ol as shown below:

- -CH :
"CH3C =CH, M CH;CC:lzBr + HBr
CH, OH
Mechanism
CH, CH;
CH3C=CH, '~ — > C(CH;CCH,Br + Br~—> CH;CCH,Br

CHy “—off — By N o Q.
—H*

CH;

CH,CCH,Br
OH

H* + Br™ ——e—— 4 HBr

Dewvilifving Orgaviic Cheancy iy
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Jsuuesswe) (5

d K 7 Joby& NN, HYPER

Note
The reaction of alkenes with bromine water is also a useful test for unsaturation.

In case a well-balanced equation is required it can be written as one for propene shown below:
: ?H
CH;CH = CH,(g)} + Bry(aq) + Hp0(0) — CH,CHCH,Br(aq) + HBr(aq)

Observation: The reddish brown solution turns coloucless.

(c) Reaction with hydrogen halides.

Alkenes react with dry hydrogen bromide, dry hydrogen chloride and dry hydrogen iodide to form

corresponding alkylhalides.

Fhée major product is in accordance with Markownikoff's rule whlch states that:

In addition of an unsyrnmctrlcal reagent to an unsymmetrical alkene, the more

electronegative atom or group becomes attached to the more carbon atom containing fewer

hydrogen atoms.
() CH,=CH, HBr(g),  (H,CH,Bc
dry

Mechanism

,/\

H?_C = CHZ ——*H C CHZ BI'L e CH}CHZBF
5+ &= H ,‘+ .t
~—H A_‘B}'
CH,
.\ H1(g)
(it) CHC=CH, ——2t— CHyCCH,
CHy | |
Mechanism
~
. ; . \\ .
CHiC=CHy .~ (CH;),CCH; * —— (CHy)C -1
CH,4 g1
CH,4 CHy

| | HBr(z {/\{<B

(iii) . _HBr(a) , A r
Mechanism




A simplified, well elaborated and illustrative approach to Organic Chemistry

CH, CH,
_ <
5+ §—
(}H—Br . (j\_
: \j Br

CH,
o

Sample question

-

When 2-Phenylpropene is reacted with hydrogen bromide, the major producr is 2-Bromo-2-

. =
U
],
phenylpropane but not 1-Bromo-1-phenylpropane. Explain. 5‘ o
2-Phenylpropeneicombines with hydrogen bromide to form bromide ions, a tertiary carbocation § 5
anda primary carbocation. The tertiary carbocation is more stable than the primary carbocation. 0
Therefore, the concentration of the tertiary carbocation is higher than thar of the primary <8 g
' 3
carbocation. The most of the bromide ions combine with the tertiary carbocation to form &
-bromo-2-phenylpropane while a few bromide ions combine with the primary carbocation )
2-b 2-phenylprop hile a few bromid b th the primary carb
to form 1-Bromo-1-phenylpropane as minor product. ' 3
. , _ g
CH CH 3
. =_ = S
' _—C+ B L —C-Br 3
‘ CH, CH4 S0
. CHy ‘ _ tertiary carbocation 2 - Bromo — 2 - phenylpropane 8
Y __C ~ CH : . (more stable) - (major prodcut) >
A TO=CH ‘\ S
g | :
—Br
! o GH I B
’-.J — : +" B - N >"
__ —CHCH, °° ., — CHCH, 8¢ =
= S — = E :
secondary carbocation { - Broma — 2 — phenylpropane
(less stable) {(minor product)
Note

[f for hydrogen bromide, an organic peroxide is used, the reactions proceed via Anti-Markownikoff

addition for unsymmeirical alkenes. t.e.,

HBr
CH;CH = CH, — > CH,CH,CH,Br

"~ arganic peroxide | — Bromopropane

CH,
HBr ‘
CH,C = CH, , > CH;CHCH,Br
aruanic peroxide
CH,

3
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I:'-‘:I .

&

=

Ly

0

&

= .
=

o

=

Hydrogen chloride and hydrogen iodide even in the.presencc of an organic peroxide will add onto
the alkene by the Markownikoff mechanism. )

Note

The mechanism for this reaction is free radical bu is not required in the limits of the A’ level

syllabus. However, it is an important reaction, applicable in organic synthesis.

(iv) Reaction with concentrated sulphuric acid (sulphonation)
Lower alkenes react wirh cold concentrated sulphuric acid to form alkylhydrogen sulphates. The

mechanism also follows MarkownikoF's rule:

Example _
: 0S0,H
. conc.Hp80,
CH,CH = CH, 0—150(:4 > CH,CHCH;
" Mechanism
TN

g

N pSO3H

CH,CH=CH, ——> CHyHCH; 0SO3H ———> CH3CHCH,
~H - 0S0;H

\J

When the mixrure above is diluted and warmed an alcohol is formed.

DSO;H (RH
_CH,CHCH, _H,0/warm oy e,

Mechanism
t“\*gsm - OH, OH
CH3GHCH, ——H CHCH3+OSO3H ———’CH CHCH;;
—: O,

The owo reactions can be summarised as the reaction of alkenes wich acidified watec o torm

alcohols as shown below:

PH
L. cone. H,50
CH4CH = CH, ,—%"D—*'“—“* CH3CHCH;
_ 2. H,0/warm Propan — 2 — ol
Or
OH
H* JH,0 |
CH,CH = CH, —————E=—> CH,CHCH;
Mechanism

N :\J HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

4
Pz

+ .
CH3CH "—@j E— CH3§HCH3 — CH3CHCH3

H < 0S0;H - OH,
AV it

(PH

CH,CHCH;
(|:H3 o
.. + t
() CHyC = CH, H/HO (CH3)5C — OH
" warm 2 = Methylpropan — 2 — ol ' s_*;
IS
Mechanism m E
2
CHy CHs S @
. - ¥
- o +
CH;C=CH, ——> CH)CCH; ——>(CHj);C— OH, S
Y | \ _ &
St \— OH, 28
: —H*
(CHy)4C — OH
(v} Reacrion with alkaline potassium manganate(V1I) solution .

0
S
8
N
S
©
2,
3
>
Y
3
Q

Alkenes react with dilurce alkaline pocéssium ‘manganate(VI[) solution to form diols.

The reaction does not require hearing.

The purple solution turns colourless and a brown solid is deposited.
The brown solid is manganese(lV) oxide,

Examples
KMnO,{aq}/CH ‘
HC = CH, —elW/OR o CH, CH,OH
Ethane — 1.2 — diol
CHs _ CH,
KMnO,(aq)/0H [

CH,C = CH, > CH;CCH,OH

' OH

Z — Methylpropane — L.2 — diol
(vi)  Reaction with acidified potassium manganate(V1I) solution
[ che alkene is reacted with porassium manganare(V11) solucion thar is aciditied with sulphuric
acid, a carboxvlic acid or carboxylic acids are formed. |

[f more than one carboxylic acid is formed. the carboxvlic acids may be similar oc ditferent.

Devuyitifving Organic Cheadsbry
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Examples

. KMnO, (ag)/H*
H,C = CH, —20GDM 5 5 HcooH

heat methanoic acid
s

KMnO H* ’
CH,C = CH, —— (DM (CH,),CO0H + HCOOH
heat 3 _ Methylpropanoic acid

CH = CH, COOH

©/ KMnO, (aq)/H* @ 4 HCOOH
: heat

Benzoic acid

" + ’
O KMaOsGI/M” - 4OOC(CH,),COOH

heat Hexane — 1,6 — dioic acid

(vii)y Ozonolysis |
Ozone reacts with a solution of an alkene in tecrachloromethane at a temperature below 20°C o

form an ozonide.

R—CH=CH-—R‘—Q3LC1‘L-—’R—-CH :-/(,H—-R‘ ~

o<20°C,
0-0
.1 7 An Ozonide L.

Subsequent hydrolysis of che ozonide using zinc and ethanoic aid forms one carbonyl compound
if R and R’ are the same ot two differenc carbonyl compounds it R and R’ are different.
The carbonyl compound can be an aldehyde or a kerone or boch at the same time depending on

the nacure of the glkane used.

7n dust '
R—C\H /CH—R' + H,0 nci RCHO + RICHO + H,0,

‘ ) ethanoic acid
\
0-0
Analysis of cthe producrs aftec hydrolysis of the ozonide can aid in prediction of the structure ot the
alkene, by determining the position of the double bond.

The owo reactions can be summarised as shown helow:

L0y CCL<20°C o RICHO
- = - 1 !
- R=CH=CH-R" 5 4y 0,2n, CH,COOH

K. J. Joby & NN, HYPER
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Examples
. 1. 03,CC14.< 20°C
CH,CH = CH; > CH,CHO + HCHO
7 2. H;0,Zn, CH;CO0H
’ 1. 03,CCI4.< ZODC
CH,;CH = CHCH, - 2CH;CHO
2. H,0,Zn, CH,COOH
CH, |
1. 03,CC14,< 20°C
CH;C = CHCH;4 CH3CO0CH; + CH;CHO
2. H;0,Zn,CH;CO0H
s
1. 05,CCl,, < 20°C

2. H,0,Zn, CH;COOH
CHs T

This reaction is not recommendable for organic synthesis since a mixture of producs is formed. [t

should only be used to synthesise carbonyl compounds formed from symmerrical alkenes.

(viii) Hydrogenation

Alkenes react with hydrogen in presence of nickel catalysc ar 150°C to form alkanes.

E CamScanner

The reaction can also be done using finely divided plasinum or palladium catalyst and when any

of these is used, the reaction occurs at room temperature.

Ha/Ni, 150°C

‘-,C/Jc'?ni.“'l‘?j'.‘ K] Jobs & N.N. Hyper

* RCH = CHR! : RCH, — CH,R! o
or H,/Pt or Pd -3
Examples O
. : O
~ H, /Ni E
CH4CH =CH CH;CH,CH
3 2 150°C 3 2wl E
| o
H,/Pd | &
H,C = C(CHy), CH,CH(CH5), 5
Room temperature '

(ix} Combustion

Alkenes undergo complete combustion in oxygen o form carbon dioxide and warer with evolution

of hear.

30 i
Coanle/l/s) + 5 03() ———=0C0,(&) + nH,0()

Examplc

) |
CHiCH = CHy(g) + 50:(8) — 3C0,(s) + 3H,0Q)

They also undergo incomplete combustion in limited oxvgen o form carbon monoxide and water.

CoHalg/l/s)  + n0y{g) ~—— —nC0{g) + nH,0)

Dernystifycng Organce Chevestiy
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Example ‘ ,
CHiCH = CHy(g) + 30, 3C0(® + 3H,0(0)

(x)  Polymerisation
Simple alkenes polymerise to form addition polymers.

Ethene forms polyethene.
' 7 0, initiator ‘ -
nCH; = CH, —+CH, —CH,
1500atm,200°C . . !

' n
poly(ethene)
Propene forms poly{propene)
R H,P0,/inert support ) FH3 IR
nCH;CH; = CH, ~ — CH,CH;{—
Moderate pressure, . N
-~ n
200°C poly(propene)
| . ; Phenylethene forms poly(phenylerhene) (TUPAC); also known as polystyrene.
~ CH=CH, N - ——CHCHz—
Di(benzoyl)peroxide '© N«
" | ;
- 85— 100°C T
B ‘ poly(phenylethene)
Q .
=5 Chloroethene forms poly(chloroethene)(TUPAC): also known as polyvinylchloride(PVC). The
4 chloroethene is suspended under water and heared with hydrogen peroxide.
£ .
o .
= o
o " H,0,
L nCH, = CHC ~ == CH,CH —
fHeat :
n
paly(chloroethene)

Tetrafluoroethene forms poly(recrafluoroethene); also known as PTEE or Teflon oc Fluon.

(NH4)55,0g

nfF,C = CF;
' 50atm, heat

T CFZ "CFZ -

1}
poly(tetrafiuoroethene)

More abour polymers will be covered in applied organic chemistry {Chapter 11, section 11.3).

| K. J. Joby & N.N. HYPER
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Practical Identification of the Functional Group

The functional group in alkenes is the carbon-carbon double bond. It is identified by bubbling a
gaseous alkene or adding the liquid/ solid alkene into any of the following reagents:

Reagent: Bromine in tetrachloromethane solution

Observation: Reddish-brown solution turns colourless
Equaﬁon

Br Br
CCl,

\C= / +.Br2 | —L—C—
/TN

Reagent: Bromine water

Observation: Reddish- brown solution turns colourless

| S
u
Equation § E
: Br OH 2 E
\\c- / + Br, + H,0 '“"L‘ é + HB s
= Ty /™ ~L-L- r D Lo
/ C\ [ S E
. 2 @
. ':U
USES OF ALKENES

» Ethene is used in makin;g plastics like poly(ethene) and poly(chloroethene) -
‘s Ethene can also be used to make echanol

o - Propene is also used as a raw material in making plastics. like poly(propene) and
poiy(propenenitrilc). Perspex and gypral resins.

P»ropéne is alse used to manufacrure propanone, propan-2-ol and phenol

3.2.8 Some Synthetic Problems

L Show how each of the following conversions can be effected
(a) Ethanol to ethane-1,2-diol .
(6)  (CHy),CHC = CH to (CH3),CHCH,CH,Br
(c) I-Chlorobexane from propene

]
O
S
O
O
E .
Sy
S
b
S
Ly
Q

{a)  Ethanol two ethane-1,2-diol

cocnc. H, 50, MnO; (aq)/0H
CH3CH,OH ——— H,C = CH, ! HOCH,CH,0H

(b)  (CH;),CHC = CH to (CH;),CHCH,CH,Br

Hy

Lindlar catalyst

HBr,
|CH,00CH,
f

(CH,),CHCH,CH,Br

Devtvitifvorug Organce Chesa Gy
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(¢  1-Chlorohexane from propene

CH;(CH,)4CH,Cl
CH4CH = CH, |
HBI', 502C12
CH,00CH; Di(benzoyl)peroxide
, 40 — 80°C
Na
CH,CH,CH,Br CH;(CH;)4CH;
dry ether
2 Describe how the following conversions can be effected. No equations required. -

() Butan-1-of to ethana! )
(4)  Chlorocyclohexanol from cyclohexanol

(a). Buran-1-ol to ethanol

Butan-}-ol is heated with concentrated sulphuric acid ac 180°C-to form buc-2-ene.

Bue-2-ene is then bubbled through terrachloromechane and ozone bubbled chroutrh the mixture
ac a temperature below 20°C to form an ozonide.

The ozonide is hydrolysed using zinc and ethanoic acid to form ethanol.

(b)  Chlorocyclohexanol from cyclohexanol
Cyciohe'canol is heated wich concentrated sulphuric acid ac lSO"C to form cyclohexene.

Cyclohexene is then-reacted with chlorine water t form chiorocyclohexanol.

]
&
=
L
0
&
=
=
o
=
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3.2.9 End of subtopic assessment exercise

1. Complete the following equations and give the [UPAC name of the major product formed
in each case. '

(@  CH3CH=CH, + HI

CH,
(b) @ + HBr

(C) CH3CH = CHCH3

KMnO,(aq) /OH

peroxide initiator

conc. H,50,

- T
&
(e) CH3CH:GH2 m. g
=
H, 5 E
Br _ Iy
0 CH3CH,0K* /CH;CH,0H Y E
S @
heat :: 'S
e @
—_— :
(@ (CHy),CBreH, CHaCH2OKT/CH;CH,OH P
heat 3
/\J"'.CHJ . . t: R §
b conc. H,S0,4/H,0 . {.,3
(h) ’ \__... h — .‘:
eat R
) R
i HB ’ S
(l) B (CH3)2C=CH2 r - S
' Organic peroxide é
. ¢ HBr(g) K
) . Ty . 3
| =
£
H, R

(k) CH3C = CH =
Lindlar catalyst

0 CH;CH = CH, MnO]/0H

(m) . CH;CH = CH, Mn0O; /OH

(n) CH;CH = CH, Br,/H;0

(0) - CHyCH,CH,c) _V2OH/CH,CH,0H
heat

(0)  (CHy)4Ci CH;0ONa" /CH;0H
heat

(@  nCH,CH = CH, Catalyst

Demvitifviag Organdie Chemistry
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() CH3CH = C(CHj;),

CH,
® @

() CH3tI:Hc;
CH,

H*/H,0
heat

MnOj /OH(aq)

H,
Lindlar catalyst

CH

HBr

()  CHsCH =CH, —

CH,00CHs;

CH,CH,0H conc. H,S0,
w T 180C

C= CHZ
- Caralyst
) " heat
Br;(aq)
(w)  CH3CH =CH, . >
2. Complete the following equations and write the mechanisms for the reactions leading o

formation of the major organic products.

@ (CH,),CCl NaOH/CH;CH,0H 7.
' ‘Heat
{b) H3CH = C(CH4), Brz/NaCl(aq)
(c) (CHy),C = CHCHy HBr
CH{CH
@ Y ()2 conemypo,
OH
T 360°C
(e)  CH;3CH =CH; Bry
' ccl,
Cl,/H,0

Bry/H,0

(2)

q K. J. Joby & NN, HYPER
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C=CH,

CCl,
(h) + Brz
~(®  CHyCH,CH,OH “onc HyPO,
_ Heat ,
. H,0
(]) CH3CH = CHz 4+ Conc. HzSOq_ He?’:lt
H*/H,0
k = Z
(k) CH5CH CHCH, Warm
oH C PO
onc. H
0 O/ k1 4._F |
350°C .

CH, |
(m) O/ + HI -
CH,4
Conc. H;PO,/NaBr
(n)

h [
52
2‘ s
=0
N
) =
3@
S0
warm E
, AN+
() CHyCHyCHCH; CHyCH,ONa® 5
Cl - CH}CHEOH, heat "5
. N
CH4 3
R “HY/H,0 §o
() U ' /h Zt S
s ea B
CHj é
: HBr It
(@) -~ >
]
3. Write a mechanism to show how che following conversions can be effected.
8r
(@) (CH4),CCH,CH, (CH;),C = CHCH,

(b) 2 —lodobutane to but—2 —epe.

(c)  Ethene to ethanol.
OH

|
(d)  (CHy),C=CHCHy to  (CH,),CCH,CH,

(&) CH3CH,CH,CH,0H to  CHLCH = CHCH,

Deavtvitify L Qg Clie s nfey
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4 State would be obscrved and write equation for the reaction that would take place when each

of the following compounds are mixed.

@ Bromine water and but-1-ene
(b) Propene and alkaline potassium permanganatc solution
{© Buc-1-ene and acidified potassium manganate(V1I) solution
(d) Cyclohexene and alkaline potassium permanganare solution
(e) Phenylethene is added to 2 solurion of bromine in tetrachloromechane
(f Ethenc is bubbled through bromine water.
5. Write equations to show how the following synthesises can be carried out. [n each case,

indicare the necessary reagents and conditions.
(2 Ethanolto 1,2-dibromoethane
(b) - Pmpan—Z—ol from propan—l—ol RS

(c) Cyclohexanol to Bromocyclohexanol
{d) Bucan-1-ol to buran-2-ol
. CHBrCH,Br ('!JHCH-J;
e from OH
- (|2HCH3‘ QHCH;
6 Q Br from OH
{g) Cyclohexanol o cyclohexane-1,2-diol.
- (h) . Butane from echene
(D) " Propyne to -Bromopropane
(0 CH,C=CH w CH,CH,OHCH,
B (k) CH,CH,C=CH to CH,CH,CHCH;
. |
& cl |
.:.En ' 6.  Desribe how the following conversions can be effected. (No equations are required)
& (a) Propan-2-ol to CH,CH,CH,Br
% (b Ethyne to ethanol
@ {c) Calcium carbide to ethane-1,2-diol
(d) Propan-1-ol to propane .
7. Name the reagent that can be used 1 distinguish becween the following paics of compounds.

In each case. state what would be observed iF each member is separately reeated wich the

reagent and write equation for the reaction.

{a) Merchane and ethene.

(b) Benzene and ethene

(c) Propanoic acid to chloropropane
(d) Erhanoic acid to Chloromethane.

(e} ~ HOOCCH,CH,CO0H wnd HOOCCH = CHCOOH

¢ [ Jolm& NN HYPER
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10.

L.

12.

16.

An organic compound ¥ has the structure:

H,C = CH —@—cow

(@) Name the functional groups present in the structure of ¥
(b) * State what is observed and write equation for the reacrion in each case that takcs place
when Yis:

(i) treated with a cold aqueous alkaline solution of potassium permanganare.

{ii) heated strongly with sodalime.
250 cm® of an alkene diffuse through a porous medium in 10 seconds and 716 cm® of
oxygen diffuse through the same medium in 25 seconds under the same conditions.
Calculate the molecular mass of the alkene and deduce its structural formula.

Oxygen diffused through a porous partition in 1.87 minutes. Under s1m11ar conditions, the
same volume of an alkene, T diffused in 2.15 minutes.

(a) Determine the formula of T

(b) Write equation and outline mechanism for the reaction between T and benzene.
Indicate the conditions for the reaction.

100 cm’ of a gaseous alkene weighed 0.250g ar 0% and L acm. If 25.0cm? of the alkene
reacted with 23.0cm’ of hydrogen gas:

(i) Determine the molecular formula of the alkene.

(i) .- . Write the names and structugal formulae of all possible isomers of the alkene.
20.0'cm? of a gaseous hydrbcarbon G, were exploded with 150 cm? of excess oxygen. After
complete combustion, the residual gas was found to*be 110 cm?. When concentrated

potassium hydroxide solution was added to residual gas, the volume reduced to 30 cm?,

(a) Determine the molecular formula of G.
(b) Write the structural formulae and names ot all possible isomers of G
(c) Ozonolysis of G yields only one product. Write the mechanism for the reaction

berween & and bromine warer.

20.0 cm? of a gaseous unsacurated hydrocarbon, R, were exploded with 200 cm? of oxygen

and after cooling to room temperacure, 140 cm? of g gas remained. This volume reduced to

20.0 cm? on shaking the gas with potassium hydroxide solution.

(a) Deduce the molecular formula of R.

{b) Ozonolysis of R and subsequent hydrolysis vielded two different products, one of
which was propanone and the other one was T, [dcnciFy Rand T.

When an alkene , @ was ozonolysed and then hvdrolysed, the produces formed were

propanone and 2-Methylpropanal. Write the structural formula the [UPAC name of Q.
The molecular formula of compound Wis CyHg.

(i Write the scructural formula and name ot aif possible isomers of W.
(i) W gives only one product on ozanolysis. Identity W.
{a) A hydrocarbon, P consists of 83.71% carbon. [n an experiment, 32g of bromine

required 11.2 g of P tor complete decolourisation. Derermine the:
(N empirical tormula ot P.

(i1) molecular formula of P.

Dyl v Organce Chemotiy
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' (Bromine reacts with P inA‘a ratio of 1:1)
(b) Write the seructural formulae and [UPAC names of the isomers of P.
() Ozonolysis of P produced a single product. Identify P.
(i) Identify 2. ‘ _
(if) Write equation for the ozonolysis of P. Include the condirions for the reactions.
(d) Oudinea mechanism for the reaction berween P and:
(1) bromine. .
(if) warm dilute sulphuric acid.
(e) Write equations to show how P can be obtained from an alkyl halide.
17. Anorganic compound, P, on complete combustion yiclded 8.8g of carbon diexide and 1.88

of warer. 0.1g of P when vapourised at 273°C and 734 mmHg occupied a volume of
4.46 x 1072dm?. A ' _
(a) Calculare:

(i) the empirical formula of P.

‘ (ii) molecular formula of 2.

(b) When L was ozonolysed followed by hydrolysis, compound @, 2 kerone was formed.

Write the structure and [UPAC name of P. |
(c) Discuss the reactions of P with:

(i) sulphuricacid |

(i) bromine -

18, Zincand aluminium oxide are normally ernployed as reagents in preanic ceaction(s). Foreach

reagent, ‘write equation @ chow how it is used in organic reactions. [nclude reaction

condition{s)-
(a) Zinc
(b) Aluminium oxide.

19. Explain each of the following observations.
() When 2-methylbur-2-ene i< ceacted with hydrogen iodide; the major product is 2--
lodo-2-methybutane but not 2-lodo-3-methyiburane.
(b) Propene is more useful as a starting compound for formation ofpropan-z-ol than
propane. _ '
{c) Propan-l-ol is a liquid at room femperature whereas propene is a.gas at the same

emperature.
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3.3 Alkynes

3.3.1 Introduction

Alkynes form a homologous series of unsaturated hydrocarbons containing a carbon-carbon triple
bond and corresponding to the general formula, CHy,_5.

The unsaturated carbon atoms are sp hybridized and are accached to each other by 2 sigma (o)
bond and two pi (n) bonds. The sigma (o) bond results from the overlapping of two hybrid
orbirals, and the two pi () bonds are formed from separate overlapping of two p-orbitals from
two adjacent carbon aroms. The other sp hybrid ocbital of each unsaturared carbon aroms forms a
sigma (0) bond with another carbon or hydrogen atom. The simplest molecule is ethyne and is
linear, allowing orbitals w be as far apart as possible. The availabilicy of electrons in the multiple

bonds makes them prone to addition reéction, which, like those of alkenes, characterize the
reactions of alkynes.

3.3.2 Nomenclature of alkynes

- The IUPAC SYSTEM is used when naming alkyaes just as ic used is for alkenes.

The unbranched alkynes are named by replacing the ~ane of the name of the corresponding alkane
wich the endma g —yne.

- The chain'must be numbered in such a way thac the carbon atoms of the triple bond have the
- lowest possible numbers,

¢ The lowest number of the two carbon acoms’ UFthe tnple bond is used o designare the location of

S
N
S
3
3
=
3
&
Q

" the eriple bond.
Examples;
' Structural formula [UPAC name
HC=CH | ~ Echyne
CH,C = CH | Propyne
CH,CH,C = CH Buc-1-yne
CH,C = CCH;4 | Bur-2-yne
CH,CH,CH,C = CH 5 Pent-1-yne
CH4C = CCH,CH, © Pent-2-yne

* The locations of the substituent groups of branched alkynes and substituted alkynes are
indicated with numbers, -

* Incase an - OH proup is present, its given priority over the triple bond.

Desmwvitifving Qrga e Chemdsty
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Examples; :
Structural formula IUPAC name
- HC=CCH,Br = 3-Bromopropyne . . .
CH4C = CCH,l | 1-lodobuc-2-yne

' CHyCHCH,C = CCHy

- S-McthlhEKjnyﬁié

oty
2-Methylhex-3:
CH4CHC = CCH,CH, cehylhex-3-yne
HC = CCH,CH,0H But-3-yn-1-ol

P hé.gnylethync

C=CH
@

N

~_ C=CCHy e
1-Phenylpropyne

o CHaC = CH

* 3-Phenylpropyne

¥
. -

3.3.3 Isomerism in alkynes
Echyne has only one steucture and therefore non-isomeric.

Propyne and higher homologues exhibit structural isomerism.

C4H, has three structural isomers as shown below:

Structural Formula | {UPAC name
CH;C = CH Propyne o
H,C=C=CH, Propadiene
S Cyclopropane

K. J. Joby & N.N. HYPER
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C4Hg has the following isomers.

Structural Formula TUPAC name
TomegcEen [ Bwlgm
CH3C = CCH, But-2-yne -
0 HC=CHCH =CHy - sl Bumel3-diene: i
 CHyCH=C=CH, o Buta-1,2-diene

’ ‘ B Cyclobutene

! 7 l-Mcthylcyclop’ropeﬁc .
>CH3 i

3-Methylcyclopropene '

CH,

’ Methylenecyclopropane
CH, "

Therefore alkynes with 3 or more-carbon atoms are isomeric with dienes and cycloalkenes.

Those with 3 or more carbon .atoms show chain isomers in addicion to positional isomers and

funcrional group isomiers.

3.3.4 Physical properties of alkynes

Alkynes have physical properties chat are similar those of the corresponding alkanes.

(a) Physical state
“Alkynes with 1-4 carbon atoms are all gases ar room temperature with the exception of
bue-2-yne. Most of those with 3-8 carbon atoms are liquids at room temperature.

(b) Bailing points ,

The boiling points of alkynes increase with increase in molecular mass as explained for alkenes

earlier.

The boiling point rise is about 20-30°C for each added carbon atom. except for the very small
homologues.

They are nearly the same as those for alkanes and alkenes wich the same number of cacbon atoms.
As for alkanes, chain branching lowers the boiling point. |
Svmmetrical alkynes have higher boiling points than non-symmetrical ikynes due o increased

stabilicy..

Derry siihvenag Dirgdt tzLi.c'Ch&s«nbm‘y i
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Some alkynes and corresponding boiling points are shown in the table below.

Name Structural formula Boiling pomt{" ¢
TEhme | HC=CH oo 75
. Propyne CH;C=CH -23
But-l-yne - . CHsCHC=CH oo 9 .
Bur-2-yne | CHC=CCH; 27
Dentlyne | CH;CH,CH,C = CH | 40
Pent-2-yne : CH;CH,C = CCHy4 55
- ._ CHq
4—mer:hyl‘pcnc—2-yne ' c H3|C qC=C CH3 . 29

(c) Density

Alkynes are less dense than water.

(d)  Solubility

Alkynes are vm:ually insoluble in water but soluble in non-polar organic solvents ot solvents of

low polariry such as ether, benzene, etc.

3.3.5 Laboratory preparation of alkynes _ L

A carbon-carbon criple bond i s formed by elimination of one atom or :rroups from cwo' adjacent

carhon atoms in the same way as the carbon-carbon double bond i in alkenes is formed. '

(a) From vicinal dihalides. . .

A vicinal dLhahde(wc d1hal1dc) is a compound in which the halogen atoms are on ad]aceut'

carbon atoms.

They are also called .2-dihalides and are formed by halogenation of alkenes.

The vicinal dihalide is reacted wich excess alcoholic potassium hydroxide solution to form an

alkyne on hearing.

Examples

BXCESS KOH/CH;CH;OH
heat

0 CH,BrCH,Br » HC=CH + KBr +H,0

excess KOH/CH,CH,0H

(i) CHyCHCH,Br > CH,C=CH + KBr +H,0

Br heat
Mechanism
CH,CH,0H + KOH ————> CH,CH,OK® + H,0
CH,CH,0K"* » CH,CH, 0 + K7

K f }'ob} Er NN f{‘rP‘Er\
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E{%r ll{ﬂ Br
Cﬂa-gj- f=Br —> CH;~C ?J—H+CH3CH20H + Br-
[ H H<
CH;CH,0 BCH,CH,

CH,C

CH 4 CHyCH,0H + Br-

K* 4+ Br~ ———>KBr

1
CHZCHCH Cl

_ /\/CH C=CH
(i) excess KOH/CH;CH,OH g 40 + Kl &5_
heat \\/_ 3] g
Mechamsm 2 %
FARY
CH,CH,OH +K0H—+CH3CH20K+ + H,0 b ‘E
L)
— D a3
CH,CH,0K* > CHyCH,0 + K* 2.0
(121 [E[ SNg
[ v :
N CH —C ~ C=C o AHa=C 5 C-H - )
/ T~ — \o F CH3CHOH +
X~ OCH,CH, \‘;./

OCH,CH,

+ CH3CH,0H + Br-

B
b4
Q
-
)
R0
S
©
S
=
b
»
E
&
Q

K* + Clm— Kl
The above reactions are called dehydrohalogenartion of vicinal dihalides and as shown, occur in
two steps; first viclding a haloalkene and then an alkyne.

Similary, sodium amide, a very strong base can be used. For example;

CH,BrCH,Br NaNH, /lig, NH,

» HC=CH + K(l
Mechanism

NaNH: — Na+ + NHZ

Desnbifyong Orgeenie Cheand v
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Hzﬁr\ﬁ H <Br g N,
N 'S

!
H—SJ i Fx?r——-—’ H-C = C—H
Br H

+ NH3 + Br™

HC=CH + NH; +Br"

Na* + Br~ ————— NaBr

Note
Germinal dihalides (which hz‘we‘-n'vo halogen atoms on the same carbon atom) can also be

converted to alkynes by dehydrohalogenation.

Examples

excess KOH/CH3CHZDH > CHyC = CH

CH,CCL,CH;
heat

Mechanism

CHyCH,0H + KOH ———— CHyCH,OK* + Hy0

- CHyCH,0K* ‘ » CHyCH,0 + K'oo-
; <l H 0 |
S T~ | - ,
. CH;—¢ ~_{-H —> C(H;-C i_g—H_Jr CH;CH,OH + CI7
¢ Cl H=- o H-<—-._‘
£ L , ‘ a .
OCH,CH; - OCH,CH;
B .;,
O CH;C = CH  + CHaCH,OH + CI°
= ‘
iy K* + ClI- ——>KCl
4l :
=) The germinal dihalides are often got by the reaction of ketones oc aldehydes with phosphorus(V)
- chlocide. The exact one above can for example be got by the reaction;
pCl; -
CH]COCH] > CH]CC]ECH]

(b} From the reaction of sodium acerylides with primary alkylhalides.
Smaller recminal alkynes ace converted ro larger alkynes by ceacting them first with sodium in

liquid ammonia and then with primary alkylhalides.

: I
ez —NaaNHs | pe = eas RX __ , Rc=cCR
in summary, -
L. Na/lig. NH,
RC = CH __,i_a_{.l%!-#;,. RC = CR!
2. RIX

K. J. Joby& NN HYPER
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Examples _

. _ 1. Na/liq. NH, |

i HC = CH > = NaB

o 2. CHyBr CHGC=CH + Nabr

Mechanism
HC=CH + Na———> HC=TNa* + ;H,
HC=C Nat ———> HC=C" 4+ Na*
SN B b
HC = “CH; v Br ——> HC=CCH; + Br-
\'\_,.‘l‘ ]
Na* + Br~ — NaBr
} b
N _ 1. Na/lig. NH, L B

(i) HC = CH > CH,CH,C = CH T
- 2. CH,CH,Br ‘C 3Ch, T &
A ' . =
_ 1.Na/lig. NH,4 Z @
2. CH.CH,Br b A
| E
S @
CH4CH,C = CCH,CH, -

Mechanism for step B -
CHyCH,C=CH  +  Na ———> CHyCH,C=CNa* + -H,
CHyCH,C=CNa*  —=—> CHCH,C=C~ +  Na*

™~ i+ o -

. CHyCH,C=C" ‘*cHscHZ'—B{ —F——>  CH,CH,C = CCH,CH; + Br~

Na®* + Br~
() From dehalogenation of tetrahalides.

Tetrahalides can be converted to alkynes by treatment with zinc.

NaBr

=
o

N
S
©
2
E.
&
:
3]
Q

X X _
R-C-C-R — RC=CR' + 27X,
X X
Example
Br Br
(Hy-C-C—~H ——— C,{=CH
Br Br

However, this method is limited for use because the tecrahalides chemselves are prepared from
alkynes,

Nore

[ndustrially. sthvne can be prepared by the action of water on calcium carbide. The calcium
carbide is itself being formed by the reaction of calcium oxide and coke in an electric turnace ac
2000-3000°C.

Dewvtvitifyunigy Orgniee Cheandsbny
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CaC0,(s) —DEL— €a0(s) + CO,(g)

By 2000 — 3000°C
Ca0(s) +3C(s) —— Caly(s} + CO(g)

CaC,(s) + H,0() ——HC=CH + Ca(OH),

It can also be formed industrially by controlled high-temperature partial oxidation of methane.

. 1500°C

3.3.6 Chemical properties of allynes.
Like - alkenes, - alkynes also undergo electrophilic addition reactions due to loosely held

1 —electrons. They are however less reactive than alkenes rowards electrophilic reagents.

.- The addition of unsymmetrical reagents across unsymmetrical alkynes also follows Markovnikoff's

rule just as for alkenes.

Alkynes also tend to undergo nucleophilic addition reactions.

(a) Electrophilic addition reactions of alkynes. :
Alkynes undergp electrophilic addition reactions with hydrogen, halogens and hydrogen halides-in

a similar way like alkenes.

* The oaly difference with alkynes is thar, two molecules of the elecrrophilic reagent are consumed

for each triple bond.

YZ

C=C- —F— —C =

(i) Hydrogenation of alkynes
Alkynes form alkanes when heated with hydrogen in presence of nickel catalyst. For examples

~ [nstead of nickel, finely divided placinum oc palladium cacalyst can be used but the reaction occurs

ar ordinary remperatures.
CH]C = CHCH3 —fhﬂ—_» CH3CH2CH2CH]

no=cn — Pl eycn,
Note

For every one mole of the alkyne. 2 moles of hydrogen gas are used for hvdrogenation to torm the
alkane.

Reduction of certain higher alkynes can occur yielding alkenes enly it a special catalyst made of
merallic palladium deposiced on calcium cacbonate and poisoned with guinoline is used. This
special catalysc is calied Lindlar's catalyst. For example;

Either
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H,/Pd/CaCo, ‘
CH3CH2C = CH WCH3CH2CH = CH,
Or
CH3;CH,C = CH ——i—* CH;CH,CH = CH,

Lindlar's catalyst
(i)  Halogenation .
Alleynes react with chlorine and bromine in the same way alkenes do. Dihaloalkanes are formed

first and then tecrahaloalkanes. The intermediate dihaloalkene can be isolated under controlied
condirions.

X X X X
X, - b K L
RC=C(R!I——*—— R-C = C-R'—">R-C - ‘C—R‘

| X X

X=ClorBr
Examples -
2Cl l (|:l (|:l
) CH,C=CH —2> CHy~C = C—H
| o/ I
Mechanism
c (r'l'- |
CHiC=CH. ~ —— CHjC=CHCOl— CHyC = C=H
B TR p
(=l c
a ¢ cl
| ]
Cl
Lo 8- - t,1,2,2 = tetrachloropropane
Cl-Cl cl |
| N AH,C = CH ) R g

@ 28r, o0 CHmfo— GoH

‘\\/ Br Br

Desyilifving Orgonic: Chesostiy

‘ti
2
2
=
!
3
S
~3

-
3
¥

S,
S

Q

O

E .

By

2

B

<

84

Q

CamScanner




A simplified, well elaborated and illustrasive approach to Organic Chemisiry

)
&
3
L
0
&
=
S
o
=

Mechanism

RN
CH,( = CHBr B>
— 7

H,C=CH
r ——\BTr

Br I|3r

|
N AHC = C-H
| |

\/

#/\\
| | A/CHZC;_BI‘CHBFZ B[‘—
e " Br —.\B‘r
\J .

/,//\/ CHECB["zCHBrz :

-
~”

1,1,2,2 — Tetrabramophenylpropane

For ethyne to undergo similar reactions, a meral halide caf;lyst is used or Kieselguhr (silicon(IV)

- oxide) catalyst and iron fillinigs to absorb heat of the reacrion. This prevents explosions especially

with chlorine. Bromine reacts less violently with ethyne.

cly
HC = CH CHCI,CHC,

Kigselguhr catalyst ‘
1,1,2,2 — Tetrachloroethane

(iii)  Reaction with hydrogen halides
Allynes react with hydrogen halides in presence of u.v light ot a copper(T) chloride caralyst o

form haloalkenes first and then germinal dihalides.

X Ho X
HX ‘ ' HX ' |
RC=(Rl——> R-C = C—-R—>R-C - (=R
CuCl catalyst CuCl catalyst lX
or w.v.light or w.v.light

HX = HCI, HBr or Hi

Examples
, .
, 2 t
(i) He=cn —el s ch, CH
u.v.light ]

1,1 — Dichloroethane

K. [ Jobs & NN HYPER
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Méchamism
+
HC = CH CH=CH, ——CHCl=CH,
-\ B+ §— le
SH - Cl
A 4

CHO 7 CHy ———— CHCI — CH, ———> CHCl,CH,
\ ot 5 cr/
H - Cl
: \ 4

L

4B
(i) CH;C=CH —=22P0 5 oy CBr,CH,
_ CuCl Cat. 2,2 — Dibromopropane

] i .
Mechanism ‘i( .
. . AT
CHyCZCH ——  (HyC=CH; —> CHyCBr=CH, = =
i ! ;
LR : I - —\j 2 E
\\‘.{_1 _ qr BI‘ ~ \b (7]
oy
e + 18
CH3CBr = CH, —— CH,CBr—CH; ————= CH,CBr,CH, <
b+ 5 :
s{-Br B\
A

The two reactions above proceed via Markownikoff's addition. However, addition of hydrogen

bromide in presence of an organic peroxide forms an anti-Markownikoff product.

excess HBr
ROOR

CH,C = CH CH;CH,CHBr,

1,1 — Dibromopropane
(b)  Nucleophilic addition reactions of alkynes
One reaction shall be considered here.
Hydration of alkynes (reaction with water)

Echyne ceacts with water in presence of dilute sulphuric acid and mercury(I[) sulphate caralyst at

60°C to form ethanal.

The reaction is initiated by nucleophilic arrack.

DEMYSTIFYING orgau;c'C/ms,-rﬁ.- K.

H,0/dilute H,50, !
HC = CH HCCH;
HgSO, catalyst ethanal
60°C

Mechanism

H,50,(aq) ~ H'(ag) + 0S0;H{aq)

Devystifvivug Orgas Chenstry
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+ __H+ /l
HC = CH : HtCHz — H!C = CH, —>HC £ CH,

=C
\ OH, :OH
H* + 0 ]

. OHZ

Propyne forms propanone under similar conditions.

H,0/dilute H,50, I
CHBC = CH > CH3 - C - CH3
HgS0,, 60°C

Mechanism
H,S04(aq) — > H*(ag) + 050;H(aq)
+ _H+ /‘u
CHyC=CH — CH3G=CHy—— CH3(|: =CH;—— CH,C =CH,
- OH, ' “NOH
gt ~~:OHp S l
i ,/
{c} Substitution reactions
() Formarion of heavy meral dicarbides

Alkynes which have a criple bond ar the end of the c‘arbon‘chain (terminal alkynes) react with;
1. Ammoniacal copper(l) chloride solution to form insoluble copper carbides (acerylides).
Observation; A red precipitate is formed

Examples

HC = CH(g) + Cu,Cly(aq) + 2NH;(aq)

CuC = CCu(s) + 2NH,Cl
Copper(dicarbide

CH,CH,C = CH(g) + Cu;Cly{aq) + 2NH;(aq)

‘red precipitote

K. J. Joby & N.N. HYPER

2CH;CH,C = CCu(s) + 2NH,CI

b
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2. Ammoniacal silver nitrate solution.

Terminal alkynes also react with-ammoniacal silver nitrate solution to form insoluble silver

acetylides.

" Observation; A white precipitate is formed.

Examples

HC = CH(g) + 2AgN0;(aq) + 2NH;(aq) — AgC = CAg(s) + ZNH,NO;
Silver(dicarbide

CH;C = CH(g) + AgNO;(aq) + NH;(aq) — 2CH;C = CAg(s) + NH,NO;
L white precipitate

" Note

The two reagents above distinguish terminal alkynes from non-terminal alkynes and also terminal

alkynes from alkenes.
(ii) Formation of sodium acetylides

Already discussed under laboratory preparation of alkynes.

{d)  Polymerisation of ethyne

Ethyne forms benzene when passed: through a heared tube containing complex organo-nickel

caralyst.
complex organo
: — Nickel catalyst ,//\
3HC =CH — = |
60 -70°C.5atm -
Similacly, :
_ ' N
IHC = CH Fe or Cu
400 ~ 600°C NG
(e) Combustion
Alkynes burn in excess oxygen to form carbon diogide and water
CCoHypes (3”7“L)02(g) ‘ nCO,(g) + {(n-1)H,0()

Example
C;Ho(8) + 40,(8) ——3c0,(e) + 2H,00)

3.3.7 Test for unsaturation in alkynes

The unsaturation in alkynes is tested che same way as done tor alkenes using any of the following

- feagents;

Reagent; Bromine in terrachloromethane.

Observation; Reddish-brown solurion turns colourless

Denvalifing Organce Chewdishry
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“C=C— + 2B, — Ut > _

Reagent; Alkaline potassium manganate(V1I) solution.

Observation; Purple solution turns colouless

1. KMnO,(aq)/0OH

RC = CR! > RCOOH + R'CO0H
2. dil. HC]

The dilute hydrochloric acid converts carboxylare ions that would be formed to carboxylic acids.

Uses of alkynes
Uses of ethyne

¥+ Used in the manufacture of benzene.
Used in manufacturing of polyvinylchloride (PVC).

Used in making acrylic fibres to make woolen garments.

NSNS

Used in welding because it burns wich an extremely hot Aame.

3.3.8 End of subtopic assessment exercise

L. Complete the following equations and give the [UPAC name of the major product formed
in each case.
.- excess H,/Pd
(a) CH3CH,C=CH ——— > \
B room temp.
B H, /Pd/CO5
(b)  CH,C=CH >
l:'-‘:l . .
o quinoline
LEI,.J ' L. Na/liq. NH,4
A (¢c)  HC=CH >
i : 2. CH4CH,Br
S
o : 1. KMnO,/0H -
= (d)  CH,C = CCH, -
2. H*
[. NaNH;/liq. NH,
()  CHyC=CH o
excess Br,
() CH;CH,C =CH >
excess HBr

(g} CH,C = CCH,4

Y

| H,0/H*
(hy CH,CH,C = CH >
Hg?*/600C




A simplified, well elaborated and illustrative app}aézcb to Organic Chemistry

d

A

Comnplete the following equations and write the mechanisms for the reactions leading to

formnation of the major organic products.

KOH/CH;CH,0H

Y

a} CH;CH,CHBr
(a) 3LH; 2 heat

1. Nafliq. NHs
2. CH3CH25F

() CHyC=CH

.V

excess HCI

¥

(6) CH3CH,C=CH

. C C‘H B excess HCl
@) = '

Y

room temp.
dil. H,50,
" (e) CH;C=CH +H,0 ,
@5 20 HgSD,/60°C
CH,CH,0H/0H
® CHCICH,C! .
. heat
| " lig. NH,
(g) CH3CH,C =CNa+ CH;Br >
" _KOH/CH,CH,OH
(h) CHyCBr,CH,CHy .
_ heat

Wrice a mechanism to show how the following conversions can be effected.

{a) 1,2-Dibromopropane to propyne

(b) Ethyne to propyne

() CH,C=CNa* toCH3CH,C = CCHy
| A CH,CH,Cl
(d) CHyC=CH——> CHyC = C0u ———> B
?
(€) CeHsC=CH  to CeHsCCH;
[

Srace wouild be observed and write equacion for the reaction that would take place when each

of the following compounds are mixed.

(a) Phenvlethvne and ammoniacal silver nitrate solucion

(by But-1-vne and ammoniacal copper(l) chloride sc')lution

() Ethyae is bubbled chrough ammoniacal copper(l) chloride solution
(d) 3-3 drops of ammoniacal copper(f chloride and pheayethyne.

Devwystifying Orgo.
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5. Wirite equations to show how the following synthesises can be carried out. In each case,

‘indicate the necessary reagents and conditions.
(a) = Ethanol to propyne -

(b) Ethyne to Pent-2-yne

(c) Ethene to but-1-yne

(d) - Pent-1-yne from ethene

{e) Ethyne to ethanol

(f Calcium carbide to ethanol

(g) Magnesium carbide to propan-2-ol
(h) Propane to propyne

(i) CH, = CH,to CH,C =CH

() CH,; = CH; o CH;CHBr,

(k) Ethanol from CH,CICH,Cl

D Ethanol to benzene

{m) Buranone from 2-bromobutane
CHCH: C=CH

O

= ceH,

(o) @ from CH;C=CH
y C= CCH2CH3
() @CHZCHZOH to ©/

H
(@@ HC=CH  to CH;CHCHCH;

OH
(r} CH;C=CCH; to CH,CH,CH,CH;

(s) 2-Chloropropane o propyne

{=CH
NN
N
() ©/ to \\J/
{u) 1,2-Dibromopropane trom ethene:

(v) Butan-2-ol from ethene

(W) CH]CHzc = CH to CH}CHECHCH:;
cl
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Desribe how the following conversions can be effected in the laboratory. (No equations are
required) ‘ '

(a) Ethyne to ethanal

(b) Propan-2-ol to propyne

(0 But-l-ene to but-1-yne

(d) Ethyne to 1,2-dichlorocthane

(@ Ethyne tobut-2-yne

(f) But-2-yne from buran-2-ol
() Ethyne to ethane-1,2-diol
(h) Ethanol to butanone

(i) ‘Chloroethene from echene -
) Propene from ethyne

Name the reagent(s) that can be used to distinguish berween the following pairs of
compounds. [n cach case, state what would'Be observed if cach member is separately treated

with the reagent and write equarion for the reaction.

(a} Echyne and ethane

(b) Propane and propyne

(c) Pent-2-yne and pentane

(d} Penr-l-yne and pent-l-ene =

(e) But-2-yne and but-1-yne
(6 Penc-2-yne and pent-2-ene
(a)  Write dn equation for the reaction of calcium carbide wich warer.

(b) The organic product, Q, produced by the reaction in (2} above can also be prepared
from a haloalkane.

(i) Write the structure and name of che haloalkane.
(i}  Srating the conditions applicable, writc an equation and indicate the mechanism
for the reaction that takes place when the haloatkane is converted to Q.

A hyrocarbon, G, with a molecular formula, C4Hg, formed a white precipitate with silver

nitrace solution in ammonia.
(2)  Write the structural formula of G.

(b) G reacts wich water in presence of sulphuric acid and mercury([l) sulphate to form

compound J.
(i} [dencify J.
{it) Outline the mechanism for the reaction in (b) above.
(¢} Write equation for the reaction berween G and excess hvdrogen bromide.

(d) \Wrice equation(s) show how G can be synthesised trum buc-1-ene.

DepvsCifving Qrganie Cheandsbry
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A compound Z, has the formula CgHyp. When reacted with excess hydrogen in the presence

of a platinum catalyst, Z yields only hexane as a product. '

(a) Write all the structural formulae of all the possible isomers of Z and their [UPAC
names.

(b} On treatment with hot alkaline porassium permanganate solution followed by acid, Z

produces ethanoic acid and butanoic acid. [dentify Z.

A gaseous hydrocarbon, L, contains 10% hydrogen and has a density of 1.79 X 10~3gem ™

ar 273K and 101325Nm™2.

(a) Deduce the molecular formula of L.

(i) L formsared précipitate with ammoniacal copper(l) chloride solution Name L.
(i) Write an equation for the reaction in (b)(i) above.

(b): Using equations, show how L can be synthesized from any suitable alcohol.

(a) 1.363g of compound Y conraining carbon, hydrogen and bromine on complete
combustion gave 1.10g of carbon dioxide and 0.45g of water. When 0.35g of Y was
vapourised, it occupied 39.5cm’ at 20°C and 750mmHg, Calculare;

(i) the simplest formula of Y

(i) the molecular formula of Y

(b)Y forms a compound Z when treated wich a mixeure of potasslum hydroxuie and an

alcohol under reflux: Z redces with ammoniacal silver nitrate to form a whice

precipicate Q. [dentify: '

Hy |

(i) Z

(i) Q

() Write;

(i) equation for the reaction berween Z and ammoniacal silver nitrate solution.

(i) the mechanism for the reaction leading to formation of Z.

20 cm® of a gaseous hydrocarbon, E, with general formula CoHzq-p were exploded with
100 cm? of oxygen and cooled to room temperature. When the residual gas mixture was
bubbled through concentrated porassium hydroxide solution, the final volume was found to
be 20 cm?.

(a)  Calculace the value of n and hence deduce the molecular formula of E. _

(b)  {i) Write the scructural formulae and [UPAC names of the possible isomers of E.

(i) One of the isomers in (b){i) above reacts with a solution of copper(l} chloride in
aqueous ammonia to form a red precipicare. [dencify the isomer and write equation
for the reaction leading to formarion of the red precipitate.

When 20cm? of a gaseous alkyne, J, CiHgq-z were exploded with 135 cm? of excess
oxvgen ind cooled to room temperature. the residual gases occupied a volume of
105 cm? \¢hen che residual gases were passed through concenceated sodium hydroxide

solution. the volume decreased by 80 crn’.
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15.

(a) (i) Write equation for the combustion of J.
(ii) Determine the molecular formula of J.
(b) Write the structural formulac and names of the possible isomers ofJ.
(c) ] reacts with sodium metl in ptcsence of liquid ammonia to form compound M.
Identify;
@]
(i) M
(c) Write equation and suggest a mechanism for the reaction between;
(i) J and excess bromine o
(ii) M and [-bromopropane
(d) ] was bubbled through ammoniacal silver nitrate solution,
- (i) Stare what was observed.
(ii) Wrice equation for the reaction _
(e)  With the'aid of an equation, describe how ] reacts with water. cen
30cm’ of a gaseous hydrocarbon Q was exploded with 200cm of oxygen, which was in-
excess. The residual gas volume was found o be 155cm’on cooling to room temperature.

The volume of the residual gas reduced o 35cm’ on treatment with concentrated potassium

hydmxlde solutlon

(@} (i) - Write the general equation for the reaction bcrween Q and oxygen
' (i) Calculate the molecular formula of Q.
(i) - “Werite strucrural formulae of all possible open chain isomers-of Q.

(b) When Q was treated with ammoniacal copper(l) chloride solution, a red precipitate
was formed.

) [dentify Q
(u) Write equarion for the formarion of the red precipiate.
(@ Q was reacted with water in the presence of dilute sulphuric acid and m::rcurv([ﬂ
sulphate at 60°C. Write equation for the reaction and the accepted mechanism.

(d) Write equations to show how Q can be synthesized from but-1-enc.

Dewnwystifving Qrgaec C heaa by
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Benzene

and its derivatives

Benzene is the simplest member of the aromatic class of hydrocarbons.

tis a colourless liquid and has a molecular formula; CgH.

4.1 The structure of benzene -

For so many years, benzene was known as a cyclic compound with a six-membered ring: of six

carbon atoms and one hydrogen atom.

The carbon atoms were predicted to have alternating double and single bonds joining them

wichin the ring.

This structure was proposed by Kekule (1863) and is more conveniently written as;

o~ -

The Kekule struceure was however not accepted by all chemists because it would imply thae

benzene undergoes addition reactions just like alkenes.

Note

(i) [ the structure was correct, then it would be possible to have owo differenc disubstitured
isomers of benzene thar can be isolated such thac the two substicuent atoms can be either -
artached o adjacenc carbon aroms joined by a single bond or to two carbon atoms joined

by a double bond as shown below:

Mell K. J Joby& NN HYPER
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Cl

Pt

. q

and

However, in no case was more than one isomer of any such compound obtained.

Kekule modified his structure therefore by proposing that benzene rapidly alternared between the
structures;

/\ N N |
I / ~ N : |

The above scructures are called resonance structures.

<

(i) Benzene does not easily undergo electrophilic addition reactions like ethene and other
compounds containing carbon-carbon double bonds.

“This is because the. pi-electrons in benzene are not fixed to'.any two carbon atoms but are

delocalized over the éntire structure making benzene very stable and not éasily arcacked by

electrophiles. Therefore, benzene does not undergo addition reactions due to resonance
stabilizarion. '

E CamScanner

However, the carbon-carbon double bond in alkenes has locahzed pi-electrons hence a centre of

hlﬂ'h electron density thus readily acracked by electrophlles

(iii)  The carbon-carbon single bonds and carbon-carbon double bonds in benzeneshave equal
‘length {0.139 nm). This in intermediate between the carbon-carbon single bond length

(0.154 nm) and the carbon-carbon double bond length in alkenes (0.133 nm).

4.2 Scability of the benzene ring

Benzene is more stable than would be expected by comparison to an alkene (the hvpothetical

cyclohexa-1.3,5-triene)

S
Q,
=
.o
2
Pa
©
$
=,
”
N
3
§
&
U
)
]
S
Q
G}
S
i
=
=
53
Q

This can be confirmed trom thermochemical measurements.

For example:

The enthalpy of hydrogenarion of cyclohexene to cyclohexane is —121 k]mol Land enchalpy of

hydrogenation of benzene o cyclohexane is —209 kjmol ™.

P

(g) + Hy(g) —— (g) AH = —121k[mol™!

T s AH = —209k[mol "}
(2) + Hy{g) .,(D)

Demvitifving Organee Chamdstry
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Explanation:

Cyclohexene contains an alkene carbon-carbon double bond in which the pi-electrons are
localized in the region of unsaturated carbon atoms hence only 121 KJ of heat are evolved
per mole of cyclohexene hydrogenated.

If the three carbon-carbon double bonds in benzene had localized pl—electmns (3x 121)
363 kJ of heat would be evolved per mole of benzene hydrogenated. However, there is a
difference of (363 — 209) = 154K]| of heat. This implies that the carbon-carbon double
bonds in benzene have delocalized pi-clectrons making the structure very stable.

The value of 154k] is called the de_Iocalizatioh energy or resonance energy or stabilization

energy of benzene.

(i)  Similarly, the theoreticall calculated enthalpy of formation of gaseqz;z: .-benzene is
+252 kjmol™" but the experimental value is +82 kfmol ™. :
‘This implies that benzene is more stable by (252 ~ 82) = +170 k/mol™* of energy. This also

further shows the increased stabilicy oFbcnzenc due to delocalized pi- -bonds in its rmg

4.3 Phystcaj properties of benzene

» Benzene is a colourless liquid with a boiling point of 80°C and a melting point of 5.5°C.

s [t is insoluble/ immiscible with warter but soluble in all organic solvents. ft is therefore a
- very good solvent for organic compounds.

» [t has a characteristic Ddour of aromartic compourids '

* Benzene burns w1th a lummous smoky flame due to its: re[atlvely high carbon content.’

L

Notc
Both the liquid and benzene vapour are highly poisonous/ toxic hence must be used with care. [ts

inhalation over a period of time can induce anaemia and leukemia.

4.4  Preparation of benzene

(i)  Polymerizatioa of ethyne.

JauueIgweD) E

. When ethyne is heared ar cemperature of 60-70°C under a pressure of 5 atm, in the presence of a

complex organo-nickel catalyst, benzene is formed.

complex
organo — nickel catalyst

JHC =CH ‘ )
60 — 70°C, 5atm RN

Similarly, copper or iron can be used ar a temperature of 400-600°C.

Cu

¥

3HC = CH ,
400 - 600°C

Or

K. J. foby & NN HYPER
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- f-L Fe
3JHC=CH —

Y

400 - 600°C

(ii) By decarboxylation of benzoic acid.
When benzoic acid is heated wich sodalime, benzene is formed.

COOH ‘ .
72 soda lime 2
“ . > ! -+ N32C03
NN heat NS
Sodalime is a mixture of solid calcium oxide and solid sodium hydroxide. The equarion can

therefore similarly be written as;

COOH -
AN 0 () /NaOH(S) 2N
- —> o % + Na2C03

\\/ hea_tl.. - \\/

The reaction may also be done in two steps by reacting benzoic acid wich sodium hydroxide

solution first to form sodium benzoate. The sodium benzoate is then fused with sodalimie.

COOH = COONa |
S //\/ NaOH(aq) h/\-‘ - soda lime

>

7
N Cheat ey oheat N
(ii)  From phenol (Reduction of phcna[)

4

~Benzene can be formed by passing phenol vapour over heated zinc dust.

/\ /OH R . "_"{-'\ "~
N : Zine dust , + 7n0

N heat o

(iv)  From bromobenzene

Bromobenzene is first converted to phenol and then phenol is then reduced to benzene by the
reaction alceady shown above.

/B .':7"‘- OH J/':\
AN woesi AT T
N 425°C <y heat v

Note that the water is in the torm of sceam at the temperature used.

Similarly, the bromobenzene can be converted o methylbenzene which is then converted to

benzene under the conditions shown below;

o Br CH | o
AT onaNa " Hu/pt/ALO, T
e dry ether 600°C

N.B. Chlorobenzene or iodobenzene may be used instead of bromobenzene.

Demystifving Organic Chewstiy
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(v} From benzene dmzomum chloride
Benzene can be formed by reducing benzenediazonium chlondc solution using
hypophosphorus acid.
N = nNer
7N H.PO, >i/ |

\/i Hzo E\-

Other longer routes by which benzene can be formed from benzene diazonium chloride are shown

below;

\//"

(vi)  Industrially from petroleum.
Pecroleum vapour, conraining hexane ind other hydrocacbons is passed over a finely divided

placinum caralyst ac 500°C under 10-20 acmospheres to form benzene.

CH; (CHy )4 CH; (S 4 4H,
300°C, 10 — 20 atm .

This process is known as reforming.

KT Jobw& NN HYPER
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4.5  Chemical properties of benzene

Benzene does not easily underpo addition reactions, like alkenes but mainly undergoes
electrophilic substitution in the ring.

The reasons are already explained before.

- The pi-electrons in the benzene ring serves as a source of electrons.

(1) Nitration
A nitrating mixture containing equal molar quantities of concentrated nitric acid and sulphuric

acid is mixed together and added to benzene. The mixture is then refluxed in a water bath at 50-
6¢0°C.

. Nitrobenzene is formed as a pale yeﬂow liquid.

Equarion;
/\ conc, HNO, . /\/’NOZ‘ -
\/H conc. H>50,,55 ~ 60°C 1‘\/ M,
Mechani_sm'
. "HNOj + 2H,;50, NO, + H30+ + 2ZHSO,”
- ///\n . / NO, . /\:/’.'N.OZ

’ v ——— ST
N N N Y

H* + HS0,” ————> H,S0,
Note

The weaker nitric acid acts as a base in the highly acidic sulphuric acid hence accepts a procon from
sulphuric acid.

He
HSO,™ +  0™=—NO,

o

HZSO4+H—U - NOz

The proronaced nitric acid splits up to form water and a nitevl (nitronium) cation.

H-. | +
)_-Ot““ N02 Wm: Hzo + NO?_

i

The nicronium ion is an electrophitic reagent which then is artracted to the delocalised pi-electrons

ol benzene.

The molecule of water formed above is then protonaced by 4 second molecule of sulphuric acid.
H,0 + H,SC0, ~ - H;0°~ + HSO,”

Combining the three equations tbiwve tives the equation given shove as the mechanism szarts,

Degtvitifvong Ovgance Chesnogtiy
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The reaction involves substitution of —H in the benzene ring by a —NO, group.

(i}  Sulphonation

“This reaction occurs when benzene is gently warmed with fuming sulphuric acid t0 35 — 50°C

for 20 = 30 minutes.

SO.H
fuming H,S0, Klv 3_[_ 0
35 — 500 \\) z

Aleernatively, ordinary concentrated sulphuric acid can be used buc the mixture requires

refluxing for several hours (abour 8 hours).

. 50,H
/ conc. HzSOq, /\/ 3

\\/ . heat \/

In boch cases;. the' H atom’ in benzene is substituted by the electrophi.lic 503 to form

benzenesulphonic acid.

Mechanism
2H,50, === 50; + H,0* + HSO,”
PN 0 -
TN \<503 AN S0y,
3 .S —i
AN h_ f +
0 0 \\/ \\/

Benzenesulphonic acid is very useful for preparation of phenol in the laboratory as shown by the -

synthetic scheme below;

l,{}";\\ - 503H - :TT'\\_\’_,A"SO3N3

- NaOH(aq) NaOH(S) “_":"T»"‘-___‘-I. .

\\\ ’__..-‘ \"::\ e 300 —350°C

~
-~

Sulphondtlon is also a usetul process in the manufacture of detergents, dycs and drugs

: ijo{mrw.\f HYPEJ‘\.
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(iii)  Friedel-Crafts alkylation.

Benzene reacts with an alkylhalide in presence of anhydrous aluminium chloride catalyst to
form an alkylbenzene.

Anhydrous aluminium bromide, anhydrous iron(IT) chloride o anhydrous iron (1) brormclc may
similacly be used as catalysts. :

Examples;

Benzene reacts with bromoethane in presence of anhydrous aluminium chloride catalyst to
form ethylbenzene.

CH,CH
| K\ AIC (\/ B
(a) \/l + CH,CH,Br —— > \/l + HBr

NS X

Mechanism

CiyCH /\ Al

. \ +

CH CH-_, | CH,CHy
X “Cr CH; | \\/ .

" Benzene reacts with 2-chloropropane in presence Df:mhydrous aluminium chloride catalyst to

form 2-phenylpropane.

_ (I:Hj
/\ . . Ct ‘ AlCl:; /\‘//(I:H
® . - + CH;CHCH; > CH, + HCl
\\/ \/
Mechanism;
L N o
CH,CHCH, “AICY CH;CHCH; 4+ Alcl,”
CHy CHs
+ \\ r‘ ) ~,
o CHsGHCH, A CHCH,4 e P - CHCH
TN e T
S NS
o :

[sopropylbenzene

Benzene reacts with 1-chloropropane in presence of anhydrous iron(III) bromide catalyst to

form 2-phenylpropane.
| CH,

. . F 8 o ~. .
(o) o+ CH,CH,CH,CL ek » ' + HCY

Desnystifying Orgae Chemesiiy
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Mechanism;

CH3CH2CH2 m . X

+
AAlCla  — CHBCH2CH2 + AICLI__

/‘ '/Hydride shift

+
CH;CHCHS,
CHy | CHy
CHngCHS /\<CHCH3 _H+' CHCH,

[sopropylbenzene

H* + AlCl; ———> HCI + AlCl,

Note

In (c), 4 liydride shift occurs such that a more stable secondary carbocation is formed.

(iv)  Friedel-Crafts acylation.

-Benzene reacrs with acylchorides in presence of anhydrous-aluminium chloride catalyst to form

aromatic ketones.
The mixrure is reﬂuxcd ona water bath at 50°C.
Similary, anhydrous 1ron([H) chlotide, anhydrous iron{I{]) bromide or anhydrous aluminium
bromide may be used as catalysts.
Examples:
(i) Benzene reacts with propanoylchloride in presence oFanhydrous aluminium chloride

catalyst to form phenylpropanone.

A N //CCHECH3
' + CH.CH,cOCl —AlCh | + HCi
i e s0°C N\

Phenylpropanone
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Mechanism:

| 7
] Ve — )
CH4CH,C £ 01 AlCl4 — CH;;CHZE + AlCl,

CH,CHy gca CHy CCH,CH

a 2t /\/ 2Ll

/\ N Ny ———
\ i

Y

N Phenylpropanone

{ii) Benzene reacts with benzoylchloride in presence of anhydrous iron(Ill) bromide

catalyst to form dibhenYlfnethanone(IUPAC name) (Other names; diphenylketone or

benzophenoﬁé)

o
coct A NVANNF AN
/\, /\:/ FeBr, ' ‘ A

+ > ; o
Mechanism:
[l) V,/’—“\' . Q-
_ eBr, N )
: . + FeBry(Cl
0
S C N PR ' - -, l
T +‘ N S <~ \\’ ¢ o “t*'\\ + BN C \/\\
’ LT ¢ H —=H g

\\:-’;-" -\\v’ '?7 " v/:'/" ,‘_‘_-:v::/‘“_‘, \\///

(v) Reaction with alkenes

[nstead of using alkylhalides, benzene can also be alkylaced using an alkene and a Friedel-Crafts

catalyst together with an acid such as hydrochloric acid or phosphoric acid.

Examples;

- CH(CHy),
' CHyCH =CH, = ™
(a) _ T

S conc. H{PO,

Dewtvil L'fvt g (hpeend e Chesndstry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Mechanism:

H,PO, —=—— H* + H,P0;

+
CH3CH X CHZ I —— CH(CH3)2
\»

H+
+ ' ' -
7 CH(CH;), CH(CH3), CH(CH3),
I A /\i ut
——— H @ ——— '
N N
CH(CH3),
'CH,4CH = CH, ‘
b >
() AICl, /HCI
Mechanism;
HCl HY + Ci-
-I-‘-/—\
CHyCH=CH, ——— CH(CHy), C
o
(CHy),CH ~ C|
//""
: /
CH;},CH —CI : . + . =
(CHs), ‘AlCl; T (CH;),CH  + AlCl,~
B N i3 |
o AN CHEH), AN CHEH) N CHCHy),
o - . o . R
RN 4+ "H N
&
% :_',/‘.,_‘\ H C - CH //\/ CH2CH]
- ) 2 - 2 }- . -
® © . T H %
- Mechanism;

HCl ———— H* + CI°

Hzc = CHZ I —— tHchj
 CH,CH, o - CHyCHy Lo CH,CH,
o 1 ol \"(\ _Hr -
' o
RN

-
"

Similarly. instead of an alkene, an alcohol can be used with a suitable Friedel-Crafes cacalyst oc

phosphoric/ hydrochloric acid.

K. J Joby & NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

(vi)j Halogenation
Benzene reacts with chlorine or bromine at room temperature in the presence of iron(II)
bromide, aluminium chloride or iron(III) chloride catalyst.

These caralysts are called halogen carriers and act as Lewis acids, inducing a degree of polarity
in the halogen molecules.

Examples;
Cl
AlCl,
(E) + Clz >
Mechanism;
: N b+ B I
ao Al g ¢l - AlCI, &
. , . D
Yz 5+ 6 /XC‘ T ave 2 £
' i; Eljflich - CDnyg TAICE z 2 @
. : -
. : : S @
N P ~ Y
o O ‘q
Mechanism; g
_ S
P 2Fe + 3Br, ——— 2FeBrs , )
X 5+ B- E
gt FeBr B - FeBr, 3
PN 5+ 6 I";\<Br i, _///\//Br &
: : Br—FeBry gt Feir; —> 2
‘\/K”A 4 N 3
S :L::
A 2
/\, Cl,/FeBry SO =
© . > + HC &
X Heat RN Q
Mechanism
L — o & —
Cl— Cl —NFBBFJ - %]-*-'_ FEBI':.'C]
) ///\ 54 §- C e P Ci
jg {;l - [ieBr;Cl i « + FeBryCim ——>
ST
Note

" The mechanism above can also be represented 15 shown in the example below:

D eu-l-ystf_(fva;ngx Organed C hepte sty
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Cl
Cl —C{-\FEB'& - +  FeBrsCl™

H

FeBrsCl~ + HY —————» FeBry; + HCl
The product of chlorination of benzene is chlorobenzene while that of bromination is
bromobenzene, _
_ The:bromination test can be used to distinguish benzene and cyclohexane.

 Reagent: ~ Bromine in the presence of anhydrous aluminium bromide.

Observatipns;
With benzene, reddish brown solution turns colourless.

With cyclohexane, no observable change.

Note ‘
lodine does not casily substitute benzene in the same way. The electrophilic substitution in

benzene is rather done by refluxing benzene, iodine and concentrated nitric acid.

AN . o At I
27N [;/conc. HNO, ‘f-%\/

>

re

Ny reflux N

Other reactions of benzene include;
(i) Combustion

Just like any ocher hydrocarbons, benzene completely burns in excess air to form carbon dioxide

Jauueaguwen) E

and waser, giving off a lot of hear.

Since the ceaction is exothermic. benzene can be used 4s a fuel.

- 15
CeHg(l)  + 702(g) ——— 600,(g) + 3H,0()

(i)  Hydrogenation
When a mixrure of hydrogen and benzene vapour is passed over Raney nickel ar 150°C,

cyclohexane is formed.

Hy/Ni TN
2000 .

K. J. Joby & NN HYPER




A simplified, well elaborated and illustrative approach to Organic Cbemfst:y

(i)  Halogenation in direct sunlight/u.v light.
-Benzene reacts with chlorine or bromine at room temperature and in the presence of direct

sunlight or ultra-violet light to form white crystals of 1,2,3,4,5,6-hexachlorocyclohexane and
1,2,3,4,5,6-hexabromocyclohexane respectively..

I/ 1 Cly,u. v light
N ~ room temp.

=
&,
’ )
. B £ 5
A Bry,u.vlight E <
\\\\/! room temp, 3 E.H
| 38
S0
Both '1,2,3,4,5.6-hexachlorocyclohexane and 1,2,3,4,5,6-hexabromocyclohexane are useful in E
making insecticides. E

Hydrogenartion and halogenation in presence’ol sunlight or u.v light are the only addition reactions’
unde[gone by benZE’.ﬂﬂ.

4,6  Identification of functional group in benzene ‘
The functional group in benzene is the phenyl group (CgHg —).

{t can be identitied by testing benzene wich bromine in presence ot aluminium chloride.
Observation

s - The reddish-brown solution turns colourless.

.8
B
‘g
O
B
3
20
Q
U
2
3
N
<
2]
Q
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A simplified, well elaborated and illustrative approach to Organic Chemistry
47  Uses of benzene

(2) Benzene is used to make materials needed for the plastic industry, for example;

It is converted to phenylethene which is used to make the polymer; poly(phcnylethcne) (also called

polystyrene)
The reaction schemes for formarion of polystyrene are shown below;
£OCH, HOCHCH,
CHycoCl/Al, 7 | LiAH, )\
dry ether ! )
X \\/
conc. H,50,
oy 180°C
-3 - _ M
—CHCH3 HC CH,
T PR Y ¢ B
2 5  di(benzoyl)peroxide /\
NS 85 — 100°C - \\/
Similarly, '
CHZCHs
N o=ty R //\4
v A1C13 catalyst \/
B Fe,03/Cry04
650°C
(g
t B} .
3 —CHCH;3 HC =
w o -n )\
% 2 ~_di(benzoyl)peroxide 2
= N 85 — 100°C N
@ %

Benzene can also be converted to cyclohexane, a useful intermediate in the manufacture of nylon.

H2/Ni N ~ \“
150°C

N.N.HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

(b)  Benzene is also used to make phenol via the cumene process. _
During the process, benzene in the vapour phase is compressed with propene at 30 arm in presence

of phosphoric acid catalyst at 250 °C to form (1-methylethyl)benzene (also called cumene)

Instead of the vapour phase, benzene may also be alkylated wich propene in the liquid phase but

in this case aluminium chloride is used as catalyst.

The cumene formed in either case is oxidised by air to form cumene hydroperoxide which when

treated with warm diluce sulphuric acid forms phenol as the major product and propanone as a by-
‘product.

CH,CH = CH, :
' o~ conc. Hz PO, : CH
Mﬁa B
©250°C,30atm. C-0-0H
/\. . 27N 0 /\/ |
! i CH,CH = CH; : 1!___2._9.. ) | c

: Hy
7 AICl, catalyst A4 A

H,0/ dil. H,50,
warm

CH,COCH; +.- |
A%

hS
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A simplificd, well elaborated and illustrative approach to Organic Chemistry

4.8  Derivatives of benzene
Benzene derivatives are compounds in which one or more of the hydrogen atoms of the benzene
ring have been replaced by another atom or group of atoms.

The scheme below shows a summary of the common benzene derivatives.

_ CH, '
2 I CooH
\\ Mn0,”/H*

heat
CH,CH;

. /\/COCHg

' NH
NO Z 2
- p z
/\\ conc, HNO;/conc. H,50, j///\/ L sn/conc.HCl :
i i '\\§// 2. NaOH(aqg). 60°C X\,
: S04H ; ONat
AN o) - AN

17

N NS

~
; : OH
o <Br \Hzotg)/m NS

450°C  n s

)
&
=
L
0
&
=
=
o
@

S K. /. fobs & NN. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

4.8.1 Nomenclature of the common benzene derivatives

For monosubstituted benzene derivatives, most of them are named by writing the name of the

substituent followed by the word benzene.

Benzene derivative I UPAC name
Methylbe’nién’eﬁ o
Ethylbenzene
5
~ S
Nitrobenzene m g
| -
- D W
Chlorobenzene ""2 g
RS
2
| -4
I i ;§~
4 3 , Iodobenzene é
- : g
, S . :
LY
. Br _ -8
/\\ : Bromobenzene ' Eho
Q
\\\/f %
~OCH ] S
2N 3 :
/\ d . Methoxybenzene E
X | 0
/,';,'.\ NHz §
“ Phenylamine
Ty
- ' ~ Chioromethylbenzene
\\
-0 Phenogybenzene

Deptystifving Gigosu o Chemdibry




A simplified, well elaborated and illustrative approach 10 Organic Chemistry

Some monosubstituted derivatives are named beginning with the word benzene. For example;

Benzene derivative [UPAC name
A0 T
S | Benzenesulphonic acid .
N ACHO . | .
| ' Benzenecarbaldehyde or
\ - Benzaldehyde
N NCl

i Benzenediazonium chlocide

When the benzene ring is “atcached to a carbon cham havmg anocher funcnonal group, the benzene

- ring is named as a substicuent called phenyl- . For example;

Benzene Derivative [UPAC name

L - CH = CH, | |
: A (/\/ o o Phenylgthene
S N o

-

ANAEE

COCH,
K\/ ; Phenylethanone

N

N CHaOH

Phenyléthyne

Phenylmechanol

]
&
=
L
0
&
=
=
o
=

A~ CHaCH;OH

, 2-Phenylethanol

OH

| -Phenylechanol
):’:'\ -, - CHCHJ .

! Kfjo{ry&NM HYPEr\




A simplified, well elaborated and illustrative approach to Organic Chemistry

Note that the position of the phenyl group must be given relative to the functional group in the
carbon chain. '

Some monosubstituted derivatives have special names. For example;

Benzene derivative TUPAC name

| Benzoic acid "

Phenol

For derivatives of methylbenzene, the positions of the substituents are indicared by numbers with

the methyl group given position one. For example;

Derivative of methylbenzene [UPAC name

| 1,2-Dimethylbenzene

| .4-Dimechylbenzene

2-Chloromethylbenzene

3-Chloromethylbenzene

-
~
-

~l

The main benzene derivarive we may consider further in this copic is methylbenzene.

Dennilifvong Organico Chemdstiry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Jauueaguien E

solvents and iself a good organic solvent solvents and is itself a good organic solvent.
'| Has a higher melting point(5.5°C) . | Has a lower melding point than ‘benzene
| - | (95°C) . | | .
Has a lower boiling point than methylbenzene | Has -a higher boiling  poinc  than
(80°C) o | benzene(111°C)
' Highly toxic - Lo Considerably less toxic compared to benzene

4.8.2 Methylbenzene
Methylbenzene is also called Toluene and resembles benzene in many properties.

Its molecular formula is C;Hg and the structural formula is;

Hs

4.8.2.1 Physical properties of methylbenzene

Below are physical properties of methylbenzenc in comparison to benzene.

Benzene o : : Methylbenzene

Coloucless liquid .~ | Ao a colourlcss liquid closely resembling
E R IS t'benzene o N

Imsoluble in water bur soluble in arganic | Also insoluble in water bue soluble in orgamc

hence more preferably used as a solvent than

benzene.

Methylbenzene has a higher melting point than benzene because both molecules are held by van
der Waal's forces of artraction whose strength -increases with molecular mass. Since
methylbenzene has a higher molecular mass chan benzene. its molecules are held by stronger van
der Waal's forces chan benzene that require a higher amount of energy to break. However, the
melting point of benzene is higher than that of methylbenzene because the planar symmetrical
benzene molecules can pack closely together in the crystal hence having stronger cohesive
forces than methylbenzene molecules, in which the methyl group makes the methylbenzene

molecules nor to have such close packing.

K. T f{'f{?'.'fr NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

4.8.2.2 Preparation of methylbeuzené
.()  From benzene =

Methylbenzene is formed by bubbling chloromethane through dry benzene in the presence of

anhydrous aluminium chloride catalyst at a temperature of 40°C.

7 | CHyCl/AICl s
N 40°C
Mechanism:;
acy, —=— CH, + AlCl,”

:/\:<CH3 oy /\/CH3

(ii) From bromobenzene (Fittig's reaction)

Methylbenzene can also be formed by adding sodium slowly o a solution of bromobenzene,
iodomerhanc and dry ether.

B  CH,
ZNTT e NS
N dryether Xy
4.8.2.3 Inductive ofientation on benzene ring in relation to methyl group

Just like benzene, methylbenzene also undergoes electrophilic aromaric substitution reacrions.

For example, sulphonation of mechylbenzene yields three isomeric products in different amouncs.

CH,y CH, CHy Ci,
,’..::‘1, . SO H Ay /.f/\
'//1\ fuming H2SO¢ R 3 //\\ SN
-; + +
\\ Da C " - \\ //. . \::Q\/
\/ NS S0,H =
3 20/1‘] 60/(} 503 H
62%

The isomeric products are named using the prefixes ortho-, mera- and pare- which are usually

abbreviated as o, m and p respectively.
Fach prefix matches a number 2, 3 and 4 respeciively to describe the relative positions of the

substituent —SO3H group in relation to the methyl group which is assigned position 1.
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Below are the names of the isomeric products above in 0, m, p notation.

H;
|/ | S0H 2-substituted isomer
AN
CH,
. 5_—§ubsltitut'ecl isomer
“S04H. :

4-substituted isomer

ortho-Methylbenzenesulphonic acid
(a-Mcthylbeﬁzencsulphonic acid)

'meta;f\./.f;tﬁ}rlbenzcnesulp honicacid
(m-Methylbenzenesulphonic 'aEid)

pam-Méthylbenzcnesulphonic acid
(p-Methyibcnzenesulphonic acid)

From the equations shown above, the ortho- and para- isomers ate formed in larger amounts than

che meta- isomer.

Slmilarlv. nitration, Friedel-Crafts alkylatmn or acylation and halogcnauon of methylbcnzene

gives mainly the ortho- and. para- isomers and the reactions are faster than would be for benzene.

CH, CH;

o - NO,
“"™N conc.HNO, as , :

\\\/ conc. H,50,,355°C X

2 — Nitromethylbenzere
(- Nitromethytbenzene)

()

A
X

NO,
4 — Nitromethylbenzene

{p — Nitromethylbenzene)
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| CHs - H, H
, CH,CH,
- CH,4CH,Cl + Hel
AlCl,
' ‘ CH,CH,
H, H, H,
COCH
7 CH,CO0Br (7 AN
(iif) i | + 1 i 4+ HBr
FeBr; LN R
COCH,4
CH, CH, . CHy
Ny cl ‘
AN /A, 4¢L\v/ . 44$\\
(iV) : i i + P + HCI
N % N N

Cl
Note:

All the reacrions above imply that the methyl group is an ortho-, para- directing group (2, 4-
directing rrroup)

-

Methylbenzene is mare reactive than benzeng because the methy! group donates electrons rowards

the benzene ring herice increasing its electron density making it more reactive towards electron
deficient species {electrophiles).

N A

e
N
On the other hand, if the sulphonation of methylbenzene shown carlier is instead done with
nicrobenzene, the reaction is slower than for benzene and mainly the meta isomer (3-substirured

isomer) is formed.

NO, NO, NO, NO,
. e SOgH .
fuming H,50, *° : : _"’/ -
+. i
35 - 50°€ ¥ N
SO;H ;
B.4% 93.3% 5048
0.3%

This implies chat the nitro group is a mera- directing group (3- lirecting group).
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Nitrobenzene is less reactive than benzene because the nitro group withdraws electrons from the

benzene ring reducing its electron density hence making it less reactive towards eleccrophiles.

Therefore, any group atoin or group of atoms arrached to the benzene ring affects the reactivity of

the benzene ring and determines the orientation of the substitution. When an elecerophile attacks

the benzene ring, it is the atom/ group of aconis attached to the ring that determine how fast and

on what position the attack occurs.

A group that makes the benzene ring more reactive than benzene is an activating group.

A group chat makes che benzenc ring less reactive than benzene is a deactivating group.

Activaring groups are mainly ortho- and para- directing and deactivating groups are mainly meta-

directing.

However, halogens, although withdraw electrons from the ring, are ortho- and para- directing.

More examples are given in the table below

Ortho- and para-directing groups
(2- and 4- positions)

Meta-directing groups

(3- position)

—NH,

—OH

—0CH5, —OR
—NHR -
~NR,

—CH,CHj

~CH,

Activating

—F
=Cl
—Br
-

- Deactivating

-NO,
—COOH
—50,H
~CHD
—COR
—COOR

~ Deactivating

Nore

For most of the groups deactivating the ring, the amm directly artached to the benzene ring usually

has a double bond atrached ro it, ie.,
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4.8.2.4 Some chemical properties of methylbenzene
Methylbenzene undergoes three types of reaction;

(a) Electrophilic substitution reactions

(b)  Substitution in the methyl group

'(c) Additional reactions

(a)  Electrophilic substitution reactions
These reactions occur in the benzené ring. Methylbenzene reacts with all electrophilic reagents and
in each reaction, it is more reactive than benzene. The substitution in the ring is easier than for

benzene because the saturated methyl group is electron donating, activating the benzene ring and
making the attack to occur in the 2 - and 4 - position.

(i) Halogenations in the ring .
Methylbenzcne reacts with chlorine or bromine in presence of iron(Ill) chloride or aluminium

chloride  camlyst - ‘at room temperature to form  2-chloromethylbenzene  and

4-chloromethylbenzene for chlorine and analogous product for bromine

H, H, CH,
cl /\
AN wyag, Y 7N
o g + y
X g A\
. Cl
CH, CH; ' CHy
, Br
7N Bry/AlCh 7 /’L\
_ _ .
N N N
Br
Mechanism
e S 8+ 85—
Cl —,Cl FECH e [} — FECL‘
CH, ty CH;
A , Al ol
.. B 4 5 — '_,/ \‘ - - L T
“ Cl = FeCl, N R LN
oo~ A L H o e

N A N

Desry _st"if_ying;-- Orga i ChewnoyGry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

To form 4-chloromethylbenzene, the mechanism proceeds as follows:

Hy CHy : CHy

—H*

54+ 5 7
Cl—FeCly 5 &0+ FeCly

'\j AN
cl 01

FECL{,H + H+‘ _ FECIS . + HCI

(iii)  Nigation, sulphonation and Friedel-Crafis acylation ot alkylation of the ring occurs by
similar mechanisms as for benzene, forming analogous producrs as for halogenation.

I all the reactions the 4-derivative rends to be yielded in a greater quantity because it is sterically

the more favored product.

(b)  Substitution in the methyl group
This proceeds via a free cadical mechanism and is similar to the substitution in alkanes.

(i) Halogenations in the methyl group

When chlorine is bubbled through boiling methylbenzene in the presence of u.v light or strong
sunlight, chloromethylbenzene is formed.

¥
b

/\t CIZ/u.'vlight - "

) o N + H

? Mechanism

o ! » 201

3 é/\:\/’Cl 2C

&

g H, —t, Q) —> (i + HO

w //K\ 7N
T s
H_Cf\é\' Cl— » CH,Cl + Cl

A

/;‘,-;’.“"‘\ -
R o [ ——

(i) Oxidation of the methyl group 7
The methylbenzene can be oxidized to benzaldehvde using a mild oxidizing agent such as

manganese([V) oxide, chromium(VD} oxide oc chromium(VID) dichlaride dioxide (chromyl

chloride).
E ngﬁéﬁ'“w——'ﬂwu-‘ e e el L
T} K.J. Joby& N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

CT{)zClz

i, /—\

MnO, /H*
heat

o
CrOy/HY

heat

CHO

o

When a strong oxidizing agent is used, for example acidified potassium manganate(VII) solution,

acidified potassium dichromare(VI):solution or dilute nitric acid for several hours then benzoic

acid is formed.

N - . COOH
/Y MnOj; (aq)/H* (ag) /\d/

Hi

\\/ : heat ' \\/

A

Cr,0,° (aq)/H* (ag

heat

Note

Any alkyl chain on the benzene ring other than methyl group on oxidadon forms benzoic acid as

well when acidified potassium manganate(VII) solution is used.
o~ CH,CH,CH, o o “COOH -
R L

\v heat \\\\//
This reaction is used to distinguish benzene from methylbenzene. The purple solution tuens

colorless with methylbenzene and no observable change tor benzene

(c) Addition reactions

Methylbenzene vapour reacts with hydrogen in presence of nickel catalyst ar 200°C wo form methyl
cyclohexane. |

-

e Hy /N ‘ PN
' 200°C

LCH, o~ . CHy

Do v iiifyug Organde Chemdstry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

49  Some synthesis problems _
Write equations to show how the following conversions can be affected
(a) ethene to benzoic acid

(b)  Ethyne to methylcyclohexane

(c). Benzenediazonium chloride to methybenzene
(d) Bromobenzene to phenylethanone |

(e) Methylbenzene to benzenesuphonic acid.
Answers o ' S
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A simplified, well elaborated and illustrative approach to Organic Chemisity

4,10 End of topic assessment exercise

1. Write the accepted mechanisms for each of the folIoWing
(a) Li:ghf caralyzed chlorination of methylbenzene
(b)  Sulphonation of benzene
(c) Nitration of benzene

(d) the iron{I1) chloride caralyzed chlorination of benzene

2. Name the reagent(s) and condition(s) that can be used to effecr the following changes.
©/COCH3 N
(M from | |
Br
Br Be
A N
(i) i from -~ ¢
Br/\(‘L Br v
Br '
@y 0 o fom
3. Explain each of the following observations R
(a)  Bromination of methylbenzene yields predominantly 2 - and 4 - products whereas
. bromination of benzaldehyde yields the 3-compound as major product.
(b)  When liquid bromine was added to benzene there was no observable change.
B However, on addition of a small amount of anhydrous aluminium chloride, the
‘ reddish beown liquid rurned colourless. |
Q (c)  Benzene does nor casily undergo addition reactions bur echene casily does.
?ﬂ 4. Describe how the following conversions can be effected (No equations are required)
4] {a) Propene to nirrobenzene
% (b)  Benzene to poly(phenylethene)
@ {c) Benzoic acid to chlorobenzene
~ (d)  Ethyne to benzaldehyde
(e} Benzenesulphonic acid to benzene carbaldehyde
(B Echene to phenylethanone
(z) Phenol to benzoic acid
(h)  Methylbenzene from benzene sulphonic acid.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Write equations to show how the following conversions can be effected.

(a) Betizene from chlorobenzene
COCH4

® | from
?H

(© (CH;),CH to phenol.

(d) Methylbenzene from chlorobenzene

(e) Benzene from ethene

(f) Bromobenzene to benzoic acid .

(g)  Phenhylpropane to phenal.

(i) - Hydroxybenzene from bromobenzene

3» ? | |

), : : from :
(k)  Bromobenzene from phenol
() Nitrobenzene from Methylbenzene
o ./,::C\\\ ] . /\/CHQCH:;
Q) . : to '
R " o
o ';"\-\, - . -
(m) - to =0
[N oot
(n) _ from |
e \‘i\//’

Below are some important reactions of benzene summarized

Br
\\
B AN C
- . e
. N
1"‘\ L
E D
N0,
AT
,\"«-_4/"'/
.
Name the reagents ‘substances A o E
Suggest the conditions used 1o form

(i) A (i1) D (iiiy  Nitrobenzene
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A simplified, well elaborated and illustrative approach to Organic Chemistry

{©) Cyclohexénc can be prepared by the following

OF (0

X Y

(i) ‘Name the reagents A and B.
(it) State the [UPAC names of X and Y.
7. ()  Compare and concrast the reactions of propane and benzene with;
(i) bromine
(i)  suhlphuricacid
()  Compare and contrast the reactions of cyclohexene and benzene with
o potassium manganate(VID) A
(ii)  Echanoyl chloride
8. Comple[eéac’:h of the following équations and in each case, outline a mechanism for the

reacrion.

)

fuming H,50,

i )
(a) \\% warm
(b) T pegH,coal AlCl,
N 3
. \/ ’ ’ .
| © = L . —cocl AlCl,
B Tt o
\/ =
= () __, + cHyco FeCl,
7, ANy’ o
] ,
5 © AN cHl/AI
=
c %
.CH .
0 NS e light
\v
ANt HCl
{g) ~+ CH;CH =CH, i
| \A\.\\.://" -
AN Bry/Fe
(h)‘ wN T heat
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10.

L.

. Cl/Al

® heat

@) @ + Cly FeCl,
CH;

) /,/‘\ —\ | conc. HNO; /conc. H,50,

WA 60°C

[—

Write a mechanism to show how each of the following conversions can be effected..

| PN NS
: NS

| s SO
) _ \) to _ S

NS \\/\\Cll
(© N AN
C ) to :

X | N4

AN - CH(CHa),
(d) e to

Name a reagens that can be used to distinguish the following pairs of compounds. [n each
case, scate what is observed when each member is separarely treated with the reagent and

write equarions for the reaction

CH,
LANC '
(a) ' : and
' AN
()  Benzene and cyclohexene.
(a) Methylbenzene can ceact wich chlorine under two ditferent conditions to give

differenc products. State the two conditions.and write equation for the reaction
between methyl benzene and chiocine under each condition.

{b) Suggest a mechanism tor ashy one of the reactions above.
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12, () Methylbenzene reacts with chlorine to form 2-chloromethylbenzene. State the
conditions for the reaction.
(b) Under a different condition, the product is phenylchloromethane instead of
2 — chloromethylbenzene.
(i) State the condition for the reaction

(i) = Write the accepted mechanism for the reaction

13. The enthalpies of combustion of some substances are given below
Substance . AH (lJmol™1)
Hydrogen —242
Benzene —3302
Cyclohexane ' —3746
Cyclohexene . - —3940 .

(2} Calculate the enthalpy of hydrogenarion .
(i) Cyclohexene - (i)  Benzene

(b) Comment on the difference in the enthalpies of hydrogenarion of cyclohexene and
benzene you have calculated in(a) with reference to the sceucture of the two
compounds.

t4.  20cm’ of a hydrocarbon Z was exploded with 200cm’ of oxygen, On cooling to room
temperature, the residual gases occupied 160cm*when the residual gases wete passed
~ through sodium hydroxide so[utlon the volume reduced to 20cm’

(a)  Write equarion for the reaction berween Z and. oxygen

(b} Determine the molecular formula of Z.

(@ Compound Z burns wich a sooty flame. When Z was treaced wich hot alkaline
potassium manganese(V1l) solurion followed by diluce hvdrochloride acid,

compound T was formed. T reacts with magnesium ribbon liberating hydrogen

gas
(i) [dentify Z and T.
(d)  Write equation to show how T can be obuined from an alkvne.
15 An organic compound T, on complete combustion yielded 13.2g of carbon dioxide and

2.7g of water. When 4.7g of T was vaporized at scandard temperature and pressure, it
occupier a volume of 2.7x10" m'.
(a) (i) Calculare the empirical fBrmula ot T.

(it) Determine the molecular formula of T.
(b) T burns wich a sooty flame. {denrify T.
(e} Discuss the reactions of T with;

) Bromine

(ii) Propene

{iii)  Ethanoylchloride

{iv)  Nicric acid
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A simplified, well elaborated and illustravive approach to Organic Chemistry

16.

(Your answer should include conditions for the reactions and mechanisms for the reactions
- ‘ where applicable)
(d)  Write equation to show how T can be synchesized from benzaldehyde.
An organic compound, R has the structure ‘

H,C = m@—com{

(a) Name the functional groups in R.

(b)  State what is observed and write equation of reaction in each case that takes place

when R is
(D) treated with a cold aqueous solution of potassium manganate(VII).
(i) ~ heated strongly with sodium 5
| | ol S
o -
: -
T 8
N
: ._§ =
]
- O
‘Q
£
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- Asimplified, well elaborated and illustrative approach to Organic Chemistry

Halohydrocarbons

5.1 Introduction

Halohydrocarbons are halogen derwatlves of orgamc compounds They can be allyl

. halides or aryl halides.

Alkyl { halides are all compounds witch the general formula R — X, if they are monohalo-
substituted, where R is an ;a_llcyl'jgroup and X = (F, Cl, Br or [). However, the general
formula of monohalo-substirured allyl halides may be written as C;Hpp 41 X. In all alkyl

halides, the halogen arom is attached to a saturatred carbon atom.

. Alkyl halides can be classified as primary, secondary or tertiary, depending on the

- number of alkyl groups artached to the carbon atom bonded to the halogen atom.

R
t | :
- ) Rg-X
RCH; =X - . ReH-X R
Primary . Secondary , Tertiary
alkylthalide alkythalide alkylhalide

Alleyl halides can be unsaturated alkyl halides when the halogen atom is arrached ro 2
carbon atom which forms a double or triple bond or attached to a carbon atom which

forms part of an alkyl chain having a double or triple bond. For example,

RCH = CHCIl, RC =CClL and RCH = CHCH,CI

There are also polyhalides, in which more than one halogen atom is arrached to the

carbon chain. Examples include, rrichloromethane (CHCly),

CH,BrCH,CH,Cl, CH,CHBrCH,CH,Cl, etc.
Polyhalides with two halogen atoms (dihalides) can be vicinal dibalides or germinal

- dihalides. Vicinal dihalides are those in which the halogen atoms are actached to adjacent

carbon atoms. For example,

CH,BrCH,Br (1,2 — Dibromoethane)
CH,CHBrCH,Br (1,2 — Dibromopropane)




A simplified, well elaborated and illustrative approach to Organic Chemistry

" Germinal dihalides are those in which the halogen atoms are attached to the same

carbon atom. For example,

ICl

CH3$CH3 2,2 — Dichloropropane
Cl ‘

CH,CHCl, 1,1 — Dichloroethane

Aryl halides are cbmpounds in which the halogen atom is di_rectly attached to an

aromatic ring. Their general formula is ArX where ‘Ar’ is an aryl group. Examples
include
Note
CH; Cl l
Haloalkanes like chroromethy benzene ‘I/Y | and similar co mpounds in‘which

the halogen atom is not atrached d1rectly to the ring are phenyl substituted

haloalkanes but not aryl halides.
5.2 Nomenclature |

The names of alkyl hﬁlic_l’as_ are derived from the corresponding alkanes and a nymber is

used 1o indicate the position of halogen atom in the carbon chain. For example

Chemical Formula < IUPAC name
CH;Cl  Chloromethane
CH4CH,Br Bromoethane
CH;CH,CH,1- 1-Iodopropane
j -
2o
CH,CHCH, 2 Chloropropane
l?r .
2- -1-
CH,CHCH,Cl 2-Bromo L;hloropropane
CHCH, CHCH;
al 2-Chloroburane
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.« Unsaturated alkyl halides-are generally named as derivatives of the corresponding -

.
&

=
L

0

&

=

=

o

=

CHI, | | ! Tri-iodomethane

~_-CH,CH,Br | L
@’ s 2-Phenylbromoethane

B

N ‘???CAHSZ;_ L 1-Bromo-1-phenylethane -

" A simplified, well elaborated and illustrative approach to Organic Chemistry

Bromomcthylbenzenc B

N

alkenes or alkynes. For éxamp‘[e,

 Chemical Formula i UPAC name

H,C = CHCI E Chloroethene

H,C = CHCHZCHZBr 4-Bromobut-1-ene

Aryl halides are named as halogen derivatives of the aromasic compound.

Chemical Fomula TUPAC Name

al ' |
_ : Chlorobenzene

4-Chloromethvlbenzene
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Z—deririléiitﬁéfﬁyl_benz'ené o B

OH
I
2,4,6-Tribromophenol
. . Br
L aNH
Br.
| Br.

2,4,6—Tfiﬁrémo phenylamine

ALl

Iodobe’nzeﬁe

or

Br

B

Br : R l : ‘
_ | -~ Bromobenzene .-
| |
) o

5.3 ‘Isomerism of halohydrocarbons

- Aliy! halides exhibic two types of isomerism. These include chain isomerism and.

positional isomerism. The chain isomers differ by arrangement of carbon atoms but
have the same position of the halogen atom. The position isomers differ by the position

of the halogen atom on the carbon chain. For example C4 HqCl has the following isomers

CH4CH,CH,CH,Cl 1 —Chlorobutane

CH;(]ZHCHZCI 1 — Chloro — 2 — methylpropane
CH,

The owo above are chain isomers.

CH]CHz(:HZCHZc‘ 1- C_thi‘ObUtane

CH3(|IHCH3CH3 2 — Chiorobutane
Cl

The three above are position isomers.
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5.4  Physical properties

(@  Solubiliy

Allcyl halides are insoluble in water but very soluble in the typical organic solvents.
Although their ;:arbon'-halogen bonds are polar, they cannot form hydrogen bonds with
water. . -

(b) Density

Alkyl halides are less dense than water. This is due to the closer packing of their relatively
smaller molecules in liquid phase. However, alkyl bromides and alkyl iodides are all
denser than water. ' ' -

(c) _Boilipg.points

(i) Haloalkanes have relatively higher boiling points than alkanes of comparable

. relative molecular mass. This is because, in the haloalkanes, the halogen atom is
more electronegative than the carbon atom. This makes the carbon-hydrogen
bond polar, .enhancing dipole-dipole interaction in the liquid phase.

However, the carbon-hydrogen bonds in alkanes are non-polar.

. (i) Haloalkanes also have higher boiling points than atkanes with the same number

» of ‘carbon atoms. For example, Bromoethane 'E(CH3.CH2 Br) boils at 38°C
whereas ethane (CH;GH,) boils at —89°C. This is because bromoethane has a
larger molecular size and larger molecular mass than ecthane hence stronger van

der waals forces of actraction thart require higher amount of energy to break.

(iti)  For a given halogen atom, arrached to different alkyl groups, boiling point
g g . gyl group gp

increases as the length of the alkyl group increases. For example,

Compound | CHsCl | CH,CH,Cl | CHCH,CH,CI | CHyCH,CH,CH,Cl
Boiling point| 4 125 470 785
(°C) : : |

Boiling point increases from Chloromethane to Chloroethane to Chlo.ropropane [0
Chlorobutane. This is because the Chloroalkanes are held by van der waal's forces of

attraction whose strength increases with the increase in molecular weight and

. molecular size.
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(iv)  For agiven alkyl group, the boiling point increases with increase in atomic mass

of the halogen atom. For example,

Compound CH3F CHgCl CH3 Br CHaI

Boiling point

—78.4 —24.0 5.0 43.0
cC) | :

Boiling point increases from fluoromethane to chloromethane to bromomethane
to iodomethane. This is because the atomic radius of the halogen atoms increases
" in the-brder F < Cl < Br < I. Molecular size and molecular mass of alkyl halides
“increases hence magnitude of van der waal's forces of artraction holding the

molecules increases.

(v)  The boiling points of aryl halides corrcspond closely with haloalkanes of
comparable relative molecular mass.

- ~(d}  Physical state

- Chloromerhane {CH;Cl), ch[omethanc(CH CH Cl) and bromoer_hane(CH3CHzBr)

are colourless gases at room temperature. The other members are colourless liquids with

a sweet smell.
5.5 Methods of preparanon

(i) From alkanes

Alkylchlorides can be formed by refluxing alkanes with sulphur dichloride dioxide
(sulphuryl chloride) at 40 — 80C using di{benzoyl) peroxide caralyst. For example,

50,Cl,/di(benzoy!)peroxide

CH;CH > ,

k! 20 — B0°C CH4CH,Cl
50, Cl,/di(benzoyl)peroxide :

CH,;CH,CH,4 70 —80°C . > CH;CH,CH,Cl

(i)  From alkenes

(a) Chlorine reacts with alkenes in presence of [etrach_loromethane to form vicinal
~ dichlorides. For example,
Cl,/CClL,
CH4CH = CH, > CHEHCH,CI
' Cl
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(b)  Bromine also reacts with alkenes in a similar way.

- Br, /CCl
(CHa),C = CH, 2

Br

@CH =CH, Br,/CCl, (FHCHZBI‘
: > Br :

The vicinal dihalides formed are useful to synthesize alkynes as shown below.

KOH/CH;CH,0H _ CHAC = CH
heat ‘

i CHaFCHZBr
Br

(HCH,Br  KOH/CH,CH,0H_ C=CH
Br heat e '

(c)  Alkenes can also be converted to alkylhalides by passing dry gaseous hydrogen

halides into them. Sometimes a moderately polar solvent, ethanoic acid can be

used.

Examples include

CH : H
CH ([}—]CH' HCle) oy ch{ e
3 — 2 - 3 3 o ’
o dry g
D HB ‘
H,C = CH, &) cH,cH, B
dry
| [
HI |
CH,CH = CH, € c Crict,
‘ dry

Note

All the above three reactions are in accordance o MarkownikofFs rule.

[f for hydrogen bromide, an organic peroxide is used, the reactions proceed via Anri-

Markownikoff addition for unsymmetrical alkenes, i.c.

Br,
CH]C = CH?_ . . > CH]CH:}_CHzBr
organic peroxide
CH, CH,
I Br, |
CH,C = CH, > CHCHCH,Br =

organic perogide
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(iii) From alkynes
(a)  Ethyne can be converted to 1,1,2,2 - Tetrahaloethanes in presence of Kieselguhr

(Silicon(IV) oxide) catalyst and iron filings at ordinary temperatures.

Excess Cl,/Si0,;/Fe

HC = CH > CHCL,CHCl,
Excess Br,/Si0, /Fe

HC = CH -~ > CHBr,CHBr,

(b)  Germinal dihalides can also be formed by reacting alkynes with hydrogen halides
in presence of light or meral halide caralysts (HgCl or CuCl) in gaseous phase.

. Excess HCI/CuCL_ o

Hozen CxcessHO/OUE o CH3CH

Cl

. ' Br
a E H 1 |
CH,C = CH xcess HBr/CuC > Cchl:CHj

Br
{
|

AL =CH CH .
‘ZT Excess HI/Cull l
o , g ‘

(iv) From alechols _ .

(2) Chloroalkanes can be formed by reacting alcohols with phospho rus(V) chloride.
CH3CH CH,0H + PCly ——— CH,CH,CH,Cl + POCl; + HCl

- OH PCl. Ot

CH;CHCH, _———’——+ CH CHCH;,

[n both cases, dense white fumes of hydrogen chloride are observed.
Chloroalkanes can also be formed by refluging alcohols ls with sulphur dichloride oxide

(thiony! chloride) in the presence of pyridine in small amounts t0 absotb hydrogen

chloride formed.

CH,CH,CHy O — 22— > CH,CH,CI

Pyridine/reflux

50Cl,

Pyridine/reflux

(CH])]C - OH

> (CHy);C—-Cl + S0, + HCI

Similarly, chloroalkanes can be formed by reacting alcohols with dry hydrogen chloride

in the presence of anhydrous zinc chloride.
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dry HCi

CH;CH,0H > CH;CH,CI
: ZnCl; catalyst/reflux ‘
(I)H (lll
dry HCI
CH,CHCH, o > CHyCHCH;
ZnCl, catalyst/reflux

For tertiary alcohols, the reaction occurs readily in presence of warter and concentrated

hydrochloric acid can be used.

(CHy)sC—oH —2e 88 o eny.c—a

(b)  Alkylbromides can be formed by treaﬁng terriary alcohols with a mixcure of red

phosphorus and bromine.

2P + 3Br, — 1€ o oppp

PBr,

Similarly, the tertiary alcohols' may be treated with hydrogen bromide (which is

prepared in situ from sodium bromide and concentrated phosphonic acid).

NaBr/conc. H,PO,

heat
Note - : S -
For primary alcohols, the rwo reactions do not occur easily and require refluxing, '
PBr
CH,CH,0H ] > (CH,CH,Br
reflux |
NaBr/conc. H;PO.
CHyCH,0H  — o/ 174, CH,CH,Br

reflux
(c)  Alkyliodides
‘Alkyliodides can be formed by adding iodine to a mixture of an alcohol and red

phosphorus and then refluxing on a water barh.

2P + 31, heat . ypy,

3
CH,CH,0H : > CH,CH,l

refiux

Alkyliodides can also be prepared by trea[ing an alcohol with concentrated hydrogen
iodide. The hydrogen iodide is prepared in situ from phosphoric acid and porassium
iodide.
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heat

3Kl + H4PO, > 3HI + K3PO,

CH3CH,OH il >~ CHaCH,l

Note

Sﬁlphuric acid cannot be used with the potassium iodide because the hydrogen iodide

formed is 2 powerful reducing agent hence would be oxidised to iodine.

(v) From aldehydes and ketones

Under anhydrous conditions, alipharic and simple aromatic carbonyl conpounds react

with phosphorus pentachlo‘ridé to form'germinal dichlorides.

- cl
CHg_gIH + PClyg———> CH3(::H
cl

I ' . (i:l
CHyCCH, + PCls— > CH;3CCH;
cl

¢ N CH «.i‘ N .!'/-\\ QH
) ey 0

(vi) Using the halide exchange reaction.

lodoalkanes can suitably be prepared using this method.

A bromoalkane is heated with a solution of sodium iodide in propanone.
Nal

CH,CH,Br > CH,CH,l
S CH,COCH; e

Aryl halides can also be formed by the following methods:

(a)  Direct halogenation of benzene

Chlorobenzene and bromobenzene are prepared by reaction of benzene wich chlorine

and bromine respectively.

(/{‘\: Brz/FEBr3 '/_-\‘/Br HB
" ! Lol + r
~o BO°C ~
AT Clhy/acl; f ’*{Cl + Hal
\-:"/) g \/

lodination of benzene is done by refluxing benzene with iodine and concentrated nicric

acid.
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@ I3/ conc. HNO, - @r[
reflux B}
(b)  Replacement of a diazonium salt (Sandmeyer reaction)
The diazonium salt is formed by reacting a primary aromatic amine with nitrous acid is

prepared in situ from sodium nitrite and dilute hydrochloric acid and the reaction is

carried out at 0°C,

L
NH,  NaNO,/dil.HCl ©’ N =Nl
Q - 0°C o |

Chlorobenzene and bromobenzene are then obrained from benzenediazonium chloride

when it is warmed with copper(I) ¢hloride and copper(l) bromide dissolved in the

appropriate concentrated hydrochloric acid and hydrobromic acid respectively.

lodobenzene is obtained when the diazonium salt is watmed with an aqueous solution

Cl-
N =nc - CuBr/conc.HBr ‘ ~Br
_ warm g

of potassium iodide.

5.6 Chemical properties of halohydrocarbons
5.6.1 Nucleophilic substitution reactions (S)
Haloalkanes are fairly czactive due to the polarity of the carbon-halogen bond.
§+ 8- | '
(R~ X)
[n most of their reactions, they act as electrophilic reagents with the electron deficienc

carbon in them susceptible to atrack by nucleophiles. Therefore, they mostly undergo

nucleophilic substitution reactions.

o -
.i.') -
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A nucleophilic substitution reaction is therefore a reaction in which an atom in a
compound is replaced by an atom or group of atoms which is electron rich
(nucleophilic). A

Haloalkanes easily undergo nucleophilic substitution reactions because the halogen

2tom in the haloalkane is more electronegarive than the carbon atom. The halogen atom

therefore attracts the bonding electrons more towards itself, gaining a partial negative
charge and the carbon atom gains a partial positive charge. This makes the carbon —
halogen bond polar. The nucleophile is actracted to the carbon atom with a partial

positive charge, eventually replacing the halogen arom.

RCH,X + Nu > RCHNu + X~
Where Nu is 2 nucleophile. |
re
8+ 5- . ;
RCH, X slow _ peH, e X Bt 5 ReHMu o+ X
NeNu Nu ;
N J

Arylhalides do nor easily undergo nucleophilic substitution reaction as we shall explain

later.
Alkylhalides can' undergo two types of nucleophilic substitution reactions namely:
(i)  Substitution nucleophilic bimolecular (Sx2)

(i)  Substicurion nucleophilic unimolecular (Swi)

- {i)  Substitution nucleoipgﬂic bimolecular (Sy2) reaction

The stagé of a reaction that involves formation of intermediates before the final product
is called the rate determining step. |

A substirution nucleophilic bimolecular reaction in which the halogen atom in an
alkylhalide is replaced by a nucleophile and both the nucleophile and the alkylhalide are

‘nvolved in the rate derermining step. This type of reaction is undergone by primary
alkylhalides.

Consider the reaction for alkaline hydrolysis of bromoethane.

CH-CH,Br NaOH(aq) 5 CH,CH,0H + NaBr
heat

Mechanism

NaOH(aqg) > Nav(aq) + OH(aq)
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A simplified, well elaborated and illustrative -app'raacb to Organic Chemistry

6+ 5~ i
CH,CH, “@F __Slow CH3?H2 ------- Br
oH OH
fast

) CH3CH20H + Br~
Na* + Br- ——> NaBr

E.xplanation | N .
The nucleophile (hydroxide ion) approaches the partial positive carbon atom of the C

~ —Brbond from the opposite side of the halogen atom. As this happens, the nucleophile

begins to form a bond with the carbon atom while the bond berween the carbon arom

~ and the bromine atom begins to break. The pair of electrons which forms the new bond

is supplied by the hydroxide ion and the pair of electrons in the C — Br bond is gradually

acquired complerely by the bromine atom. Eventually the new bond is fully formed and
C - Br bond is completely broken.

The changes in energy. during the SN, reaction can be represented' on an energy
profile/enthalpy profile/reaction profile or potencial energy diagram. This is usually

sketch of potential energy against reaction coordinare/ reaction pathway. -




A simplified, well elaborated and illustrative approach to Organic Chemistry

Reaction profile for substitution nucleophilic bimolecular reaction

-
i

A : CH3(;:H2 Br | activated

complex

. OH J '

Potential
energy
(kjMol™1)

CH;CH,0H + Br~

A 4

Reaction coordinate
This reaction is exothermic.

. Ea is the activarion energy for the reaction (also called the energy barrier).

Eb is the activation enerzy for the backward reaction.’ ]

AH® is the enthalpy of reaction.

Activation energy is the minimum energy which is required to be possessed by
reactanis in order to react to form products..

Activation complex is the intermediate unstable compound formed immediarely
once the reactants have absorbed the activation energy available. This unsrable
compound undergoes bond re-organisation by releasing some of the ¢nergy 1o

form the final stable product. The activared complex can also be called a

transition stare.

" Other nucleophilic reagents which possess at least one unshared pair of electrons can

replace the hydroxide ion in this reaction.

[n general, the rate of the above Sx: reaction depends on both the concentration of the

alkylhalide and the concentration of the hydroxide ions.

Rate = k[CH,CH,Br][OH]
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A simplified, well elzborated and illusirative approack to Organic Chemistry

Jauuedguen E

Since two species CH3CH,Br and OH are involved in the rate determining step, the
reaction is bimolecular (has molecularity of two) hence the name substitution

nucleophilic bimolecular. It follows second order kinetics.

(i)  Substitution nucleophilic unimolecular (Sw1) reaction

A substitution nucleophilic unimolecular reaction is a reaction in which the halogen
atom in a terariary alkylhalide is replaced by a nucleophile and only the tertiary
alkylhalide is involved in the rate determining step. Only temary alkylhalides undergo
this type of reaction.

Consider the reaction for hydrol y51s of tertiary alkylhalides.
H,0

+ (CH3);C—'Br >  (CH3);C — OH + HBr
boil i .
Mechanism
i+ & slow +
(CH;):C—Br == CHyC + Br~
' H
: //_\ fask . “+/
H,0 CHye — 2> CH;C =0
. :/\H :
—H*
(CH4);C—~0H
Explanation

The tertiary alkylhalide (2-Bromo-2-methylpropane) ionises sponraneously in solution
to form a carbonium ton (carbocation) and a bromide ion. This is the slow race
derermining step and involve only the alkylhalide. The carbocation formed is verv
reactive and is attacked by the nucleophile (water) to form an alcohol. The carbocation
can either revert to the reactants by recombining with the bromide ion or form the
alcohol by reacting with the nucleophile. Both the two steps are fast and although the

recombination with bromine ion has lower activation energy (see teaction profile

‘below), the nucleophile is presenc in a much higher concentration than bromide ion.

The changes in energy during the Sy reaction can be represented on an energy

profile/enthalpy profile/reaction profile or potendial énergy’ diagram shown below.

! kjjobyfr N HYPE’R




A simplified, well elaborated and illustrative approach to Organic Chemistry

Reaction profile for substitution nucleophilic unimolecular reaction
This reaction proceeds via a reactive intermediate. The reactive intermediate is preceded

and also followed by a transition state.

. Activated complex 2

" [(CHy)3C ~ — — OH,*

Activated complex 1
[(CH3);C ~ — —Br]

Potential
energy
(k]Mol‘l)

) Reactive
(CH);CBr intermediate g,
+ HZO ............... ___.(CH]}]C+ + Br~ .

J. Jobs & N.N. Hyper
CamScanner

(CH;);COH .

Y

Reaction coordinate

» This reaction is also exothermic. -
» Ea, is the acrivation energy for the first step.
o Ea: is the activation energy for the second step.

s AHY is the enchalpy of reacrion.

po
3
O
- 5
20
S
2
3
>
s
1S3
a

[n general, the rate of the above Sxi reaction depends only on the concentration of the
alkylhalide.

| Rate = k[(CH;);CBr]
Since oaly the alkylhalide is involved in the rate determining step, the reaction is

unimolecular (has molecularity of one) hence the name substitution nucleophilic

unimolecular.

[t follows first order kinerics.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

This difference in substitution reaction mechanisms of tertiary and primary alkylhalides
~ arises because the tertiary carbonium ion is relatively more stable than a primary

carbonium ion.

Secondary alkylhalides like 2-bromopropane are intermediate in behaviour berween
primary and tertiary alkylhalides. They react partly by S, reaction and partly by the Sy

reaction. However, the second order kinetics (Sn; mechanism) predominates.

5.6.2 Nucleophilic substitution reactions of alkylhalides

"(a) . Alcohol formation |
- On heating, alkylhalides react with sodium hydroxide to form alcohols.
Primary alkylhalides form primary alcohols and the reaction is Sa.

For example,

NaOH{aq) .

CH,CH,CH,Cl > CH,CH,CH,0H + NaCl
heat
Mechanism 7
NaOH(aq) > Na*(aq) '+ OH(aq)
o ) B+ i- o )
CH3CH,CH, — (1 ——=——>CH,CH,0H + CI-
B o
(g -
;gﬂ Nat + CI° > NaCl
Q Secondary alkvlhalides under similar conditions form secondary alcohols.
=
= Br (?H
® CH, CHCH, NaOH(aq) . ¢y cHeH, + NaBr
: heat
The reaction is mainly Sy
::’tElSr_ slow .

¢
ChCHCH, = CHiCHCH; + Br
6+

o

L | OH
OH  CHyCHCH, — 255> CH,CHCH,

N.B. Tectiary alkylhalides form alkenes instead of alcohols.

K. J. Joby& N.N. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemis.h'y

ql | -
|

CH,CH, CHCH, —N2OH@0) o oy ey = c(cHy),
(':Hs heat

Arylhalides cannot react with sodium hydroxide under the same conditions to form

phenols (check under reactions of arylhalides).

(b) Reaction with water

Primary and secondary alkylhalides react very slowly with water alone at ordinary
temperatures.

Tertiary alkylhalides rapidly hydrolyse with water on boiling to form tertiary alcohols.
The reaction proceeds via Sy mechanism. |

For example,

o CH CH, .
1 H,0 1
C-Br ' >©c;01{_ + HBr
i boil i
CH, - - CH,
Mechanism
| CH,

OFr — Qe +>

CHj
- "'§(CH3)2 @g(cm)z
_ , | | >0

-

H/J;\H
HEO'.' <
_H+
P g
v 5 —C—0H
N |
CH;
Hf + Br™ HBr

Rapid hydrolysis of the primary or secondary alkylhalides using water can be effected
by reacting them with a suspension of silver oxide in moist ether.

Ag,0/H,0

CH,CH,38r -
moist ether

> CH,CH,0H + AgBr
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Mt

Jauuedgwen )

()  Amine formation

Prirﬁary alkylhalides form primary amines when heated with excess alcoholic ammonia
solution in a sealed tube. If the ammonia used is not in excess, the yield of the primary
amine is low and a mixture of different classes of amines is formed instead which is a

disadvantage of this reaction in synthesis.

CH, CH,Cl excess alcoholic NH, -

CH3CH,NH,  + HC

heat in sealed tube aminoethane

Mechanism (the reaction proceeds via Sna)

/t |
5+ /' av— + _
CH;(iHZ +~Cl = CH3CH,NH; + Cl

. _u+
= NH, N
_ SN

| CH CH, NH,
H* + €7 —— HCl
Secondary alkylhalides under similar conditions form secondary amines.

I|3r  excess alcoholic NH, ETIHZ
CH, CH, > CHiCHCH, + HBr

heat in sealed tube

Mechanism (the reaction proceeds via Sy()
s-
=7 Br slow L4 o
T == C(H,CHCH; + Br~
CH,CHCH, A
5+

-'-'/\‘\*‘ fast N,
NH;  CH;CHCH; ——> CH;CHCH,

_H’*'

N2
.CH;CHCH,4

H* + Br———> HBr

Secondary amines can also be formed by reacting a primary alkylhalide and a primary

amine.

CH3CH,Cl + CH;NH, — > CH;CH,NHCH; + HCI
2xcess.

Mechanism

K. J. Joln-& N.N. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemisiry

a /@_ ,

CH,NH, CH3CH, - Cl — > CH3CH,NH,CH; + €17
_Ht
CH. CH, NHCH;
HY + Cl—>HCl

Tertiary amines can be formed by reacting a primary alkylhalide with a secondary

amine.

CH3CH2NHCH3 + CHgCHzl - —————— (CH3CH2)2NCH3 + HI
_E:XCESS ) .

A

H

/\ '
CHyCH,NHCH, s+ /8-

CHiCHy =1 ———— (CH;CH,),NH,CHy + 1°

-N+

LN .
(CH4CH,),NHCH;

Mechanism

HY 4 [-——>HI
(d)  Ether formarion (Willamson's synthesis)
Alkylhalides reacc with a solution of sodium alkoxide or porassium alkoxide in the
 corresponding alcohol to form ethers. The alkoxide is prepared by dissolving the atkali

meral in the excess appropriare alcohol.

Examples

Na/CH;CH,0H
heat

(l) CH:,CH-;BF CH]CHzOCHzCH:; 4 NaBr

Diethylether

Mechanism

CH,CH,0H + Na > CH;CH,ONa* + :H,
CH,CH,ONa* —————> CH,CH,0 + Na*
o
0+ 8-
CHE}HZ - BI‘ e —— CH]CH:OCHICHg + BT'_
. /

Nat + Br~ ——— > NaBr
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A simplified, well elaborated and illustrative #pproac/; to Organic Chemistry

(i) @CHZCHZBr KOH/}:;ECHZOE, CHZCHZOCHZCHg + KBr

Mechanism

CH;CH,0H + KOH > CH3CH,0K* + H,0
CH3CH,OK* —————> CH,CH,0 + K*
"\
g | e
(i« r————> CH,CH,O0CH,CH; + Br-

\_]O_CHZCHs

Kt _.+ Br-

KBr
Note

(a) - Secondary alklylhalides and tertiary alkythalides under similar conditions form
alkenes via elimination reactions (see later).

(b)  The reaction may be done using a phenoxide or phenol and sodium hydroxide

as shown below, .

(i) CH;CH,! > <®7DCH2CH3 +  Nal
o heat
Mechanism
3 Y
ui} 3+ g - /q
=] CHyCH, ~ —~——><\B —OCH,CHy + [~
S 2O
m ] ‘_.
= ~
ﬁ Na* + |7 ———————> Nal
L

H,C -\@owwam{ ) :
(i) (CH;),CHCH, Br > H,C @ocmcmcmh + NaBr + H,0

Mechanism

T4 K Joby& NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemisiry

H;C—@—OH + NaOH ———> HC @ﬁNaf + Hy0

Y

5+ | 5-
(CHy);CHCH, £ Br  ————> H3C—OCHZCH(CH3)Z + Br~
O
Nat* + Br~ —— > NaBr

(e)  Ester formation

- When a primary alkylhalide is warmed with an alcoholic solution of a silver salt of a

carboxylic acid, an ester if formed. A silver halide is precipitated too. .

] CH,CO0Ag* /Ethanol
) CH3CH,Br > CH,COOCH,CH; + AgBr
warm- .

Mechanism
CH,CO0Agt ——> CH,CO0 + Ag*
/\‘54- - &

CH;COD  CHyCH, ~ Br e > CH,COOCH,CH; + Br~

(f) Nitrile forﬁﬁfion '
This is also called cyanide formation. When an alkylhalide is heated with sodium

cyanide or potassium cyanide in aqueous ethanol, a nitrile is formed.

For example

KCN/aqueous ethanol :
-CH,;CH, Br >  CH;CH,CN
heat propanenitrile

Mechanism

KCN ———— K"+ N
AT .
"4.'3 - 3 —

CN  CH;CH, — 8r —————> CHyCH,CN +Br”

K* + Br-

—>» KBr
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A simplified, well elaborated and illustrative approach to Organic Chemistry.

Note
The reaction is useful in organic synthesis to increase a carbon chain by a single carbon
atom.

The nitrile formed can be converted to carboxylic acid by heating with acidified water.

H*/H,0
CH;CH,CN > CH4CH,COOH
. heat

Aromatic nitriles cannot be prepared by this reaction.

(g) Reaction with sodium acetylides
Primary alkylhalides reacr with sodium acetylides o form higher alkynes.

CH,CH,Br

() HC=CNat - CH,CH,C=CH + NaBr

I\/[echanism

HC = CNa*————> Na* + HC=C

__,/ﬂ\\*M -
HC=C CH;CH, ~ B:r — > (H3CH,C=CH +Br™

Na* 4 Br- —————> NaBr

(if) CHaCH,C = CNa* —CHaCHBr

> CH,CH,C = CCH,CH; + NaBr
Mechanism
CH,CH,C = CNa® —————Na®  + CH;CH,C=C

-

‘\AS + [

CH4CH,C=C CHyCH; — Br ——————> CH4CH,C = CCH,CHy + Br~

Na* + Br~ ————> NalBr

Jsuuesswe) (5

The sodium acetylides are prepared by reacting the corresponding rerminal alkyne with
sodium in liquid ammonia. '

Na(s)/lig.NH;__ .

RC=CH RC = CNa*

_ The reaction is very useful in synchesis of higher alkynes from lower ones.

(h)  Preparation of alkylaromatic compounds
Alkylhalides react with aromatic compounds in presence of anhydrous aluminium

halide caralyst.

U K Joby & N.N. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

' CH,CH3
CH,CH,Br
AlBr,
This reaction can be regarded as either electfophilic substitution in the benzene ring or

nucleophilic substitution by the aromatic compound in the alkylhalide. For mechanism,

check benzene and its derivatives.

(i)  Halide exchange reaction
(Check under methods of preparation of alleylhalides)

5.6.3 Elimination reactions

Alkylhalides also undergp elimination reactions.
An elimination reaction is.a reaction which involves removal of an atom or group of
atoms from two adjacent carbon atoms to form a multiple bond.
For alkylhalides, hydrogen and halogen atoms from adjacent carbon atoms are
eliminared to form either a double bond for monohalohenated alkylhalides or a triple
bond for vicinal dihalides.

. . . ) <
Like nucleophilic substitution, there are two types of eliminarion reactions.
()  Bimolecular eliminarion (E2)

(i)  Unimolecular elimination (E1)

(i)  Bimolecular elimination (E2)
When bromoethane or iodoethane is heated with a concentrated solution of sodium

hydroxide or potassium hydroxide, ethene can be formed rogether with echoxyethane.

g CH4CH,OCH,CH,
3Lt rl KOH/Ethanol / : :
or "
CH4CH,! | heat \
| H,C = CH,

(About 2% or less)

The yield of the alkene is so low (about 2% or less). A much better yield can be obrained

by higher primary alkylhalides.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

The same reaction can occur for 2-bromopropane under the same conditions, yielding

a higher percentage of propene (80%} via E; mechanism.

Br
KOH/Ethanal
CHCHCHg > CHyCH = CH, + H,0 + KBr
heat ( 80%)
Mechanism ‘
CHyCH,OH + KOH > CH,CH,0K* + H;0

CH,CH,0K* ———> CH;CH,0 + K¥
Q?f

Ezzr CHCH, ——>HC=CHCH; + Br~

CHyCH,0 K* + B~ —>  KBr

Vicinal dihalides undergo E: reaction mechanism too, forming alkynes under similar

conditions.
KOH/Ethanol :
CH,BrCH,Br > HC=CH + H,0 + KBr
heat
cl
o ~ KOH/Ethanol
. " CH3CHCH,C _ > CH,C=CH + H0 + KCI
= heat IR
B CHaCHEICHCL o4 rhanol CH,C = CH
@ > IO + H0 + KCI
. heat
3
H"" Mechanism |
- CH,CH,0H + KOH > CH,CH,0K* + H,0
= CH4CH,OK* —————> CH3CH;0 + K*
i |

| Ll
Q)—CH ExCH —— QCH CacH

JE— ——

CH,CH,0 \ CH,CH,0
\

q{@}cmc = CH

K¥ 4+ (- —— KC!

Iel K J. Toby & NN HYPER




A simplified, well elaborated and illustrative approach ro Organic Chemisiry

(i) Unimolecular elimination (E)
Tertiary alkythalides and to some extent, secondary alkylhalides undergo elimination by

a different mechanism, involving formation of a carbocation intermediate.

COEV IS S (CHy)sC + B

Considering their reaction with an alcoholic solution of sodium or potassium
hydroxide, we have:

KOH/Ethanol : :
(CH3)C — Br > (CH,),C=CH, + H,0 + KBr
' heat
Mechanism 21
F\
. : ¥ ) T
(CHy)sCxBr <——— (CHy)C # Br =
v} ) ‘ 2‘ %
CHsCH,0H + KOH —— > CH,CH,0K* + H,0 v o
-~
_ ~ =
CH4CH,0K* —————> CH;CH,0 + K* S m
o ©

5

+
Hzt‘ €= Cy ——> H,C = C(CH,),
/“"__)H CH] ) | |
CH,CH,0 .

Since .only the alkylhalide is. involved in the rate determining step the reaction is

described as unimolecular.

5.6.3 Reaction with metals

(a) \Wurrz reaction

E
)
S
O
&)
S
i,
&
<
i
0

Alkylhalides react with sodium meral in a dry echereal solution to form alkanes.

Na
CH4CH,1 » CH,CH,CH,CH,

Dry ether
/_.—‘

Na [ -CH,CH,
O CH,Be -
Dry ether T

N

Na

CHCH,CH, >
LCH,CH,Cl 5ry other CH,(CH,)sCH;y

This reaction gives low yields with alkylhalides of fow molecular mass bu berter yields

are obtained using alkylhalides ot higher celarive molecular mass.

Denvitifyoag O C hewisry




- A simplified, well elaborated and illustrative approach o Organic Chemistry

(b) With magnesium (Formation of Grignard reagents)
Magnesium turnings or granules are treated with a dry ethereal solution of an alkylhalide
and left to stand. A cloudy solution is formed.
e
Dry ether

CH3CH2B_[— CH3CH2 MgBl‘

Ethylmagnesium bromide
The Grignard reagent is highly reactive and can be used to prepare alkanes, alkenes,

alkynes, alcohols, aldehydes, ketones and carboxylic acids.

(i)  Preparation of alkanes

On trearment with aqueous hydrochloric acid or sulphuric acid, Grignard reagent forms

an alkane.
Examples
| CH4CH,l Me > CH,CH, Mgl 20 CH,CH
3t Dryether 2 28 dil HClar 3+
dil- st()q_
] CH c':B;{cr[ M » CH Eﬁg; H, CH,CH,CH
3 3 -Dryether . 3 ¥ dil.HC e

(ii).  Preparation of alcohols

b

The Grignard reagent reacts with carbonyl compounds to form alcohols. The alcohol

B formed depends on the type of carbonyl compound used, i.e. Methanal yields primary
£ alcohols. The intermediate alkylmagnesium halide formed is hydrolysed using a dilute
a' acid o form the primary alcohol.

% HCHO + RMgx —Doyemer — RCH,0MgX d::il » RCH,OH

Examples

(a)  Synthesize propa-1-ol from bromomethane

NaOH(a MnO,(s)}/H*
CH3Br (a0) > CH,OH 260, yeno
heat heat

CH,CH, MgBr
dry ether

Y

H,0
CH,CH,CH,0H < CH,CH,CH,OMgBr

dil. HCI

K. [. Joby & N.N. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry
(b)  Convert methanal to but-2-ene
- CH3CH, CH, MgBr
HCHO > CH;CH,CH,CH,0MgBr
dry ether -
H,0
dil. HCl
CH,CH = CHCH CDnC.H2504 CH;CH,CH,CH,0H
3CH = 3 Ig0oc 3CH,CH;CH,
N
&N
‘ . : . , R
w When a higher aldehyde is used instead of methanal, a secondary alcohol is formed. < o
_ c
: ' _ CA=
: Dry eth | H,QO !
RCHO + RIMgX L 5 R-C-OMgX 2R -~ OH b 9
M dil. HC! L 5 @
R s E
~ 0
- Examples b
(a)  Convert ethanol to butan-2-ol EE
: | MO, (s)/H* §
CH;CH,OH 10, (s)/ > CHyCHO R
EEE heat N
‘ CH,CH, MgBr S
dry ether e
L
H,0 2
CHyCHCH,CHy < : CH3(|2HCH2CH3 B
- g
(b} Synthesize but-2-yne from propanal S
H,0 Q
CH;MgBr CHyCHCH,CHy —— 2~ CH3CHCH,CH;,
CH;CH,CHO > ! . dil. HCl ; ‘
dry ether OMgBr : OH
II conc. H,S0,
180°C
U Y
CH4C = CCH; < Excess KOH/ ‘CH;CHBrCHBrCH, o Bra/CCll CH4CH = CHCH;
Ethanol
When Grignard reagent is reacted with a ketone, a tertiary alcohol is formed.
? Dry eth [3 H,0 .
RICRY + RMgX > RU- ¢ - OMgX 2 » Rt~ - OH
;{H NH4_CI(3C[) 15\11
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Example
(@)  Convert propan-2-ol to 2-Chloro-2-methylpropane

OH
| €0} H* |?
CH,CHCH, 22 CO/R@Y oy con, —0 NihBr CH,CHCH,
etner
heat dry OMgBr
NH,Ci{aq)
CH
: PCl; [
- OH
(b)  Converr propanone o 2—N[ethy[butan—2-ol
I s s
CHyCCHy MCH L CHCH CH, NH,Cl(a CHagCHzcm

dry ether
v OMpBr

Note :
During the preparation of tertiary alcohols, hydrolysis of the alkylmagnesium halide is
done using aqueous ammonium chloride inscead of dilute acid. This is because the

dilure acid brings about ‘dehyc_iration of the alcohol to form an alkene.

(iii)  Preparation of ketones
When a Grignard reagent is added to an alkyl or arylnitrile, and the product hydrolysed

with a dilure acid, a ketone is formed. CH3CN cannot be used.

Rl
th ; H,0 *
RMgBr + R!C=N Dry ether R - C = NMgX 2 » RCR!
geC ~dil. HCl
R _
P\ I
C‘:’N +  RMgBr Dry ether »{ >C=NMgBr
p°C =
H,0
dil. HCl

K. J. Joby& N.N. HYPER




A simplified, well elabomted and zllwtmtwe approach to Organic Chemzmy

Examples
()  Synthesise butanone from propanenitrile

G

CH'{ MgBr 3> CH3CH2C = NMgB[‘-———HZO——) CH3CCH2CH3
, dil. HCl

Dry ether, 0°C

CH5CH,C = N

N CCH,CH,4

(b) Convert @C ta @
| ' CH CH;
C =N CH;CH;MeBr @C = NMgBr
Dry ether, 0°C

H,0
dit. HCl

:
~CCH,CH,
(iv)  Preparation of carbosylic acids

Aliphatic carboxylic acids can be formed by bubblmcr carbon dioxide into Ehﬁ Grignard
‘reagentand the’ product treated with a dilute acid.

-

T o H,0
RMgBr ———2 » RCOOMgBr 2 —» RCOOH
... Dryether dil. HCl ‘

R can be primary, secondary, tertaiary or aromaric.

For preparation of benzoic acid, solid carbon dioxide (dry ice) is used.

Exampl-es

@

. Br MaBr o '
:j Mg @ Solid €O, @COOMC’B{[,O A LooH
A Dry ether Dry ether N : ; " _

dil. HCI
dry ether heat
{/A{CHZOMggrO ;A/CHEOH
T > ! I
o diLHCL © S
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(b)  2-Methylpropene to 2,2-dimethylpropanoic, acid
MgBr

r
HBr o M
(CH,),C = CH, ——-—-—*D € (CH3),C — CH3—d——g——> (CH3),C — CHy
ry ry ether
CO,
dry ether
i) C.OOI-I H,0 - (EOMCg:r
H —CH — C C-
e dil. HCl S

5.6.4 Reactions of vicinal and Germinal dihalides
(a)  Hydrolysis .
Vicinal dihalides undergo hydrolysis when heated with aqueous sodium hydroxide to

form diols.

For example

CH, CIcH, 0l —N2OH@D . HocH,CH,0H

heat  pipone —1,2 - diol
b NaOH o
- cyCHCHBr —2OHEY cnCHEH, OH p

heat Propane — 1,2 — diol

However, Germinal dihalides on hydrolysis with aqueous sodium hydroxide form

kerones or aldehydes.

cl
i
cuyon —NaoHED) L cyycHo
! heat
l
oo i
CHyCoH, —N2OMED ey Cen,
El heat

(b) Reaction with alcoholic potassium hydroxide solution

Boch vicinal and germinal dihalides form alkynes by elimination reaction.

K. [. Joby & N.N. HYPER
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Example
Synthesise Ethane-1,2-dioic acid from Ethene
H,C = cH, — /% ey acn,a Y2/ | wocw,ch,oH
MnO; (ag) . .
/OH(aq) ’ Cr,077(aq)/H™ (ag)

heat

Cr,05 (aq)/H (aq)
HOCH,CH,0H — >  HOOC - COOH
ed

5.6.5 Reactions of arylhalides

- Arylhalides do not easily undergo nuclcophilic'suﬁstitution reaction as for alkylhalides.

Their reactions with nucleophiles can only be effected under very vigorous condicions

like the industrial preparation of phenol from chromobenzene.
cl

' ONa*
_ NaOH(aqg) s 1 "“-\ dil. HCl N
360°C, 150atm )

.

OH

Question

Chlorocyclohexane easily undergoes nuclepbilic substitution reaction but chlorobenzene

does not. Explain
Answer

cl
A
~

In chlrorocyclohexane, the clorine atom is more electronegative than the carbon atom.
[t cherefore atcraces the bonding electrons more towards irself, gaining a partial negative
charge. The cirbon atom gains a partial positive charge and this makes the carbon -
chlorine bond polar. The partial posicive carbon attracts 2 nucleophile which replaces
the chlorine atom.
[n chlorobenzene, the lone pair of electrons on the chlorine atom interact with the
delocalised pi-electrons of the benzene ring. This strengthens the carbon —chlorine
bond making it very difficulr to break.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Axylhalides, just like benzene and methylbenzene (covered earlier) undergo electrophilic
substitution reactions on the ring. Although the halogen atoms have negative inductive
effect on the benzene ring, they make the benzene ring on which they are attached more
reactive. This is because the lone pair of electrons of the halogen atom interact with
the pi-electrons of the benzene ring. This increases the electron density on the
benzene ring, making it more reactive towards electron deficient species
(electrophiles). The halogen atoms are ortho- and para-directing, hence 2- and 4-
derivatives are the major products formed during electrophilic substirurion.

We shall consider chlorobenzene as an example.

(a)  Halogenation
Bromobenzene reacts with bromine in presence of iron(Ill) bromide ar room

' temperature to form 1,2-dibromobenzene and 1,4-dibromobenzene.

Br Br “ Br
| Br
Br2/F38r3 N I CERN .
| T diffusedsunlight ko + HBr
“ room temp. 3 R
#. (b)" Niration
Br g . IB(‘ Br ol
‘conc. HNO; S 2
B conc. H,S0,,50 —60°C + + H,0
3 NO;
o
a' (c)  Sulphonartion
E ’ | B
S s |
i fuming H,50, = }
L

> + )“\ + H,0
room temp. s

(d)  Friedel-crafts alkylation

CH,Cl o
AIC), catalyst/cold . +

+ HCI




A simplified, well elaborated and illustrative approach to Organic Chemistry

(e)  Friedel-crafts acylation

B . Br Br
CH,COC COCH, -
AICl, catalyst/warm ¥ + Hal
COCH,
Note
() Inall the above reactions, similar mechanisms as for benzene occur.

(i)  Steric hindrance in the 2-position favours formation of the 4-product in greater
quantity.

Other important reactions of 'a;ylhalidé; include:

(2}  Hydrogenation

Br : Br

|!ig H/Ni
.200°C - -

h 4

Bromocyclohexane is formed and can be converted to many ather compounds using

suitable reagents.

e -
.

(b)  Formation of Grignard reagents
Bromobenzene and iodobenzene can form Grignard reagents.

Br - MgBr

O—5—C

> henylmagnesium bromide
\‘/ dry ether . pHENYIMAg
[ Mgl

A .
| a g Mg > @ phenylmagnesium iodide
S dry ether N | _

The produces can be converted to benzoic acid as seen under section 3.6.3.

() Coaverting chlorobenzene to aminobenzene

Chlorobenzene reacts wich ammonia ar high temperarure and high pressure in presence

of copper(l} oxide caralyst to form aminobenzene.

Cl .
YT N /G0 LT
‘\y’l High prESSrB,ZDODCr “\\‘_,»“
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A simplified, well elaborated and illustrative approach to Organic Chemistry

57 Distinguishing alkylhalides and arflhalidcs

(a)  Using hot silver nitrate solution ethanol

Alkylhalide , QObservation
CH3CHZCI of' @—CHZCI White precipitate
CH;CH,Bror ©’CH2 Br Pale yellow precipitate
. CH3CHylor @CHZI | Yellow precipirate
IS ‘

Explanation ‘
The alkylhalides react with silver ions to form silver halides char are insoluble in dilute

nitric acid.
CHCH,Cl + Ag* — > CH,CH, + AgCl
CH;CH,Br + Ag+.——'-——-—~> CH;EHZ + AgBr

CHiCHy + Agt — > CH,CH, + Agl

Silver chloride is white, silver bromide is pale yé[low and silver iodide is yélléw.

(by  Using hot sodium hydroxide solution followed by dilute nitric acid and' silver
nitrate solu.ti_on | ' : R

This reagent can be used to distinguish alkylhalides themselves or an alkylhalides and

an arylhalide.

For alkylhalides, the same observations as seen above are made. For example,
CH,CH,Cl  — White precipitate
CH,CH,Br — Pale yellow precipitate

CHyCH,! — Yellow precipitate

K. J. Joby& NN HYPER
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For distinguishing arylhalides and alkyiﬁalides, observations are as shown in the table

below
@—cnzu — White precipitate
@—‘Cl — No observable change
. CH4CH,Br  — Pale yellow precipitate
©—Br — No observable change
©*-CH-2'-I _'— Yellow precipitate
Had@l — No observable change
Note

(i)  The role of nitric acid is to react with the excess hydroxyl ions from sodium

hydroxide that would precipitate with silver nitrate to form silver oxide.

(i)  Simply using hot sodium hydroxide solution and silver nitrate solution will give

~ similar observations.
5.8 Samplf: Questions

Explam the following observations.

(@)  When treated with bot sodium hycz’rowde solution followed by dilute nitric aad and
azluer nitrate solution, |-lodobutane formed a yellow precipitate almost immediately
while [-Bromobutane formed a pale yellow precipitate after some time and |-
Chlorobutane formed a white precipitate in the longest time.

Answer

lodine has a larger atomic radius than bromine which also has 2 larger atomic radius

than chlorine. The carbon - iodine bond is therefore longer and weaker than the

carbon — bromine bond which is also weaker than the carbon — chlorine bond.

Therefore, the iodine atom is more easily substituted than the bromine acom which is

also more easily substituted than the chlorine atom by the hydroxide ion from

sodium hydroxide. Therefore, more time is taken by the chloride ions to form
insoluble silver chloride than it rakes bromide ions to form insoluble silver bromide.

[odine ions rake the shortest rime to form insoluble silver iodide.
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_ions forming insoluble silver bromide.

- ‘. 5.9  Uses of haJnhydrocarbons

! K. T. foby ér N.N. HYPER

(b)  Bromomethylbenzene forms a pale yellow precipitate when warmed with sodium
hydroxide solution and acidified silver nitrate solution but bromobenzene shows no

: _obserwzble change.

@—CHZBr —  Pale yellow precipitate
@-Br — No observable change

In bromomethylbenzene, the bromine atom is more electronegative than the carbon

Answer

atom. This makes the bromine atom gain 2 partial negative charge and the carbon
atom gains a partial positive charge. Therefore, the carbon — bromine bond is polar.
The partial positive carbon atom is easily attacked by the hydroxyl-ion and

substituted, releasing bromide ions in solution. The bromide ions react with silver

In bromobenzene, the lone pair of electrons on the bromine atom interacts with the ¥
delocalised pi-electrons of the benzene ring. This malkes the carbon — bromine bond i

very strong and difficult to break.

-

(i) . Chlorobenzene is used in manufacture of phenol and DDT: (an important
insecticide). '
(ii) Terrafiuoroethane is used to make Teflon, an important polymer.
(iii) Fluorochlora derivatives of methane and ethane are used as aerosol

propellants in dispensers to kill fies, as shaving creams, e.t.c.

(iv) Hydrofluorocarbons are used in air condicioners and refrigerarors.

5.10 Some synthetic problems

L. Write equations to show the following conversions can be effected.

(i) Propan-1-ol from propyne.

H
CH3C = CH ——-—3—"——* CH,CH = CH-L.-W—-E?-[.———» CH;;CHZCHZBL‘
propyne Lindiar catalyst CH]OOCH3
NaOH(aq)
heat
CH,CH,CH,0H -

propan — 1 — ol
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(ll) CG Hﬁ ‘fIOIIl CH3 CH3

80,Cly /di{benzoyl)peroxide NaOH(aq) .
CH.CH > —> > » CH,CH,0H
H3CH; 40 —B0°C CH;CH,C! " heat =t
conc. H, S0,
180°C
» KOH/CH,CH,OH " Br./ccl Y
sHC=CH < ——— CH,BrCH,Br < Bra/Clle  yoe - e,
. complex organo ‘
— nickel catalyst

60°C, Satm. .

«10]

(i) (CH;),CHBr frq_rn_ propan-1-ol.

600°C

Br
CHyCH,CH,0H —S20eF230s oy oy oy, HBr % CH,CHCH,
| T dry
propan 0 —— H{./Hzo
warm
Red P/Br,
heat
CHyCHCH;
OH
(iv) Phenylamine from methylbenzene
/\/CH3 | ' N ‘i__,C!
{ 2 Hg/Pt/AlZO] _ 1 N Clz . N
‘a Q 600°C - AlCl, *\:__,/: .
7
MnQg (aq) sodalim/ conc. HNO; | NH,/Cus0 catalyst
/H¥(aq) heat, conc. H,S0, | High pressure,
heat // 55 — 60°C L 2009¢
| | f
© COOH - NO, A
//'\\J/ . ST T
. A
' ‘ \l( L Sa/conc. HCI
o RN 2. NaOH(aq).60°C
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A simplified, well elaborated and illustrasive approach to Organic Chemistry

2. Describe how the following conversions can be effected.

(i) Phenol from chiorobenzene '
Either Chlorobenzene is heated with silicon and steam at 425°C to form phenol.
Or Chlorobenzene is reacted with sodium hydroxide solution at a

temperature of 360°C and a pressure of 150 atmosphere to form sodium
phenoxide. The sodium phenoxide is then reacted with dilute
hydrochloric acid to form phenol.
(ii)  CH3CH,CH = CH; from Bromoethane
Bromoethane is heated with sodium hydroxide solution to form ethanol which is then

dehydrated by excess concentrated sulphuric acid at 180°C to form ethene. Ethene is

" reacted with chlorine in tetrachloro methane to form’ 1,2-dichloroethane which is then

heated wich ethanolic potassium hydroxide solution to form ethyne. Ethyne is reacted - ..

with sodium in liquid ammonia to form sodium acetylide that is reacted with
chioroethane to form but-i-yne. But-1-yne is reacred with hydrogen in presence of

Lindlar caralyst to form buc-1-ene.

5.11 End of topic assessment exercise’

1.  Complete the following questions and write the TUPAC mames of the main

organic product in each case.

(a) cHppr  _CHaCOOAE”
Py
(b} CH4CH,C! L) [NaOH
Hy reflux
© Br ., CH,0K* /CHACH,0H
heat '

) (CHy)5COH conc. HC! .

| MaOH /CH4CH,OH
()  CH,CH,CH,! [CHsCHy
heat
C,HsOK* /C,HSOH
() (CH;),CBrCH, et

| K. J. Joby& N.N. HYPER
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. {p) CgHgBr + CHyl

(8) (CHy);CCl CH;0Na*/CH,0H

heat 4
A+
() BrCH,GHCH,CH,Br EtOK™/EtOH
CH heat
3
() - HC=CH CH,Br

Na in liq. NH;

()  CH5CH,CH,C Cu—Zn

ethanol reflux
HBr

CH,00CH;
. /\/CH3 _ E _
) \ /{_{ 1. H;0/conc. H,50, ,

2. PClg

(k) CH3CH = CH,

- (m) CHZCHZCI CH3CH,0H/OH
heat ,

) 0[-{ NaOH/CH,CH,OH
heat

(0) (CHy)oC = CH, — 2L
o organic peroxide

Na(s}
dry ether

Complete the following equations and write the mechanisms for the reaction

“leading to formation of the major organic products.

@  (CHy),CCl NaOH/CH,CH,0H |
heat
) |CHCHzBr EtOK* /EtOH |
Br heat
(c) CH4CH,Br + CH3C=CH Na/lig. NH,

(d) (CH3);C—Br + OH(ag)

A 4

()  HyC - (CgH,) — OH + CH4CH,Br

Y

¥

() CHyCH, 1 + KOH(ag)
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A simplified, well elaborared and illustrative approach to Organic Chemistry

Jsuuesswe) (5

@ QQHCHzBr CH,CH,0/Ethanol_
Br "

heat
lig. NH;

Y

(h) CH3CH,CI + HC=CNa

0 -H3c©-0H CH;CH, | ,
NaOH(aq), heat
o) QCHZE + OH(aq) —heat _,

I
I
(k) CH;CHCH,l

EtOK* /EtOH

()  CHyCH,CH,Br — CHaCOOAg",
(m) (CHz);C—Br. KOH >

heat
(1) CHyCH,NH, + CHsCl herat >

A (CH,),CHC!
(o) CH3;C=CH » CH;C=CCu >
(p) CHiCH = C(CHy), -—Bra/NaCl(aa,

Wrice a mechanism to show ‘how each of the following conversions can be

effected.

(a}  (CH;);CCl » (CH;),C=CH;
(b) C5H5C =CH - > CsHsﬁ:CH]
[

(C) CH3CH2CI > CHJCH:OH

I|3r
(d)  (CH;),CCH,CH,4 » (CH,),C = CHCH;
(e) CH;CH,CH,Cl » CH,CH,CH,NHCH;

cl

|
(N CH,CH,CHCH,

v

CH;CH = CHCH,

(2) (C,Hg),NH » (CH;CH,)5N

4. - Write equations ro show how the following conversions can be effected.

(1) Bromocyclohexane from hydroxybenzene.
{hy  (CH3)3COH from CH3;COCH;
(C) H2C204 FI'Dm CHZ = CHZ

K. T Joby & NN, HYPER
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3.

(d)  (CH,)3COH from (CH,),CHOH
(e) CGHsMgCl to c6H50H
(§  L,2-Dibromopropane from ethene.
(g)  Iodomethane to iodoethane:
(h)  Hydroxybenzene from bromobenzene.
(i) Hexane from propene.
(j) CH3CH20H Lo CH3CH2CH20H
(k}  2,2-Dibromopropane from propan-1-ol.
(1) Chlorobenzene 1o benzene.
| NHCH;
(m)  CHyCH,CH,Br to CH,CHCH,
(n) CH;CH,CH,Br from CH;CH,Br
()  CHyCH,C=CH to CHyCH,CHCH,
T . L
Cl -
P
(p) o - from ,
o "\v/
(q) 2 — Bromopropane from propan — 1 — ol
r) 2 — Bromopropane from ethane
A COCH; PN
(s) from
‘\_// \‘\—,//
Describe how the following conversions can be etfected. (No equations are
required)
(a) t.2-Dibromoethane to ethanol.
(b}  But-l-vne from CH;CH,0H.
(c)  CH;CH,CH,CH,;I to buran-2-ol.
(d)  2-Chloropropane o CH;C = CCHj;. -
(e)  CH3CH,Cl trom CH5CH,CH,CI.
() 1-phenvlpropanone from chlorobenzene.
(g) Hzc = CHz to (_CH}CH'_))-_)_O

Dewystifving Orgene e Chewnéry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(h)  2-Bromopropane from ethanol.
(i)  Propan-l-ol from 2-Bromopropane.

6. Name the reagents that can be used to distinguish between the following pairs
of compoun&s. In each case, state what woﬁld be observed if each member of the

pair is separately treated with the reagent.

CH,l

(i)  CHCH,C1  and {Q;,—m

CH,CH,Br Br
A AN/
- (iii) IC and [
N A
CH, CH,Cl
(iv) i(/_\\j/ and ;/\\,/
CONCAN L. A
() . CH,COOH and CH;CHCOOH L
( ) | : L
cl |
PN A
{vi) ‘ and’ : '

, Briefly describe how bromoethane can be prepared from ethanol.
(b)  Describe the reactions of bromoethane with:
() sodium hvdroxide.

(i)  portassium cyanide.

Jsuuesswe) (5
~}
=

(ii)  silver oxide.

(c)  Outline the ceactions by which bromoethane can be used to form:
(i)  ethylbenzene.

(ii) propanonitrilc.

(iti)  echane.

8. 2-Bromo-2-methylpropane reacts with aqueous sodium hydroxide.
() . Write an equation for the reaction.
(i) Write the rate equarion for the reaction,
(i) State the molecularity of the reacrion.
(iv)  Draw the encryy diagram for the reacrion.

K. J. Jobs & N.N. HYPER
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10.

11

(@)

An organic compound X has a molecular formula C,HgBr.

()  Name the functional group in X. '

(i)  Write the strucrural formulae and names of all isomers of X.

(iii) Identify two isomers in (a)(ii) that when reacted with ethanoic acid
| potassium hydroxide solution give the same product. |
(iv)  Write the strucrural formula and name of the product in (a)(iii).
Outline the mechanism for the reaction between the product in (a)(iif)

and benzene in presence of an acid.

Write an equation for the reaction between calcium carbide and water.

The organic compound @, produced by the reaction in (a) above, can also

. be prepared from a haloalkane.

(i)  Write the structure and [IUPAC name of the haloalkane.

(ii) Statlng'the condirions applicable, write an equation and indicate

the mechanism for the reaction when the haloalkane is converted
o Q.
An organic compound W consists of 51.92% Carbon, 4.87% hydrogen
and the rest being bromine. Determine the simplest formula of W.
The vapour density of W is 6.6 times that of nitrogen. Calculate the
molecular formula of W. :
W, which burns with a sddty Aame, formed another compound Z when
ceacted with sodium hydroxide solution. W also reacts with alcoholic
porassium hydroxide on heating to form Y as the major product. Y
decolourises bromine water. _
(1) Write equation(s) leading to formation of Z and Y.
(ii)  Outline a mechanism leading to formation of Z from W.
Name the type of reaction between:
(i) W and alcoholic porassium hydroxide.
(ii) Y and bromine warer.

Write equarion and mechanism for the reaction in (d) (i) above.

{i)  Name a reagent that can be used to distinguish berween W and
bromobenzene.
(ii)  Explain the difference in the reactivicy o the two substances in

((1) when reacted with the reagent named above.

Devtyylefving Ou}muuCh@wwst

. Jobs & N.N. Hyper
CamScanner

@
2
O
2
R
S
O
S
=
=
<
<3}
Q




]
&
-3
L
0
&
=
=
o
-

A simplified, well elaborated and illustrative approach to Organic Chemistry

12. {(a)

(b)

(c)

2137 (@

sl

- An organic compound Q, has a molecular formula C3HgBr. Write down

the structural formulae and [UPAC names of all isomers of Q.

When Q was heated with sodium metal in ethanol, a compound Y wis
formed. Y reacts with water in presence of sulphuric acid and mercurous
sulphate at 60°C to form compound X. X does not react with Fehling's
solution but forms an orange precipitate with Brady's reagent. Identify Q,
Y and X.

Write the equation and suggest the mechanism for the reaction berween:
(i)  Q and sodium meral in ethanol. |

(i) X and Brady's reagent.

'1.363g of compound Y conraining carbon, hydrogen and bromine on

complere combustion gave 1.10g of carbon dioxide and 0.45¢ of warer.
When 0.35g of Y was vapourised, it occupied 39.5cm? at 20°C and
750mmHg, Calculate:

()  the simplest formula of Y.

(ii)  the molecular formula of Y.

Y forms a compound Z when treated with a mixture of porassium

hydroxide and ammonical silver nitrate to form a whire precipitate Q.

[dentify: . _

W Y G Z i) Q

Write; '

() equation for the reaction berween 7 and ammonical silver nitrate.

(i} the mechanism for the reaction leading to formarion of Z.

An organic compound, molecular formula C;H; Br burns with a soory flame and

has two isomers P and Q.

(a)

(d3

P and Q were separately rreated with hor aqueous sodium hydroxide
solution followed by dilute nitric acid and then silver nitrate solurion. P
formed a pale yellow precipitate while with Q, there was no observable
change. [dentify:

M P (i Q

Explain why P and Q-showed differences in the reactivity with the
feagen[.

State the role of nitric acid in the reagenc that distinguishes berween P
and Q. |

Write equarions to show how:

K. J. Jobs & NN HYPER
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15.  (a)

@

() P canbe converted to phenylethene.

(ii) Q can be converted to benzoic acid.

6.85g of a bromoalkane, E, was reacted with excess sodium hydfo;_cidf:
solution.

The resulting solution was neutralised with nitric acid and diluted to

250cm?. 25cm? of this solution required 12.5cm? of 0.4M silver nitrate

solution for complete precipitation of silver bromide.

(i)  Calculate the relative formula mass of E.

(i)  Determine the molecular formula of E.

(i)  Write the structural formula and [IUPAC names of all the possible
isomers of E.

E. undergoes a nucleophilic substitution bimolecular reaction when

reacted with warm sodium hydrbxide solution.

()  Identify E. |

(i)  Write the equationifor the reaction between E and warm sodium

hydroxide solution.

AL Write the rate equatlon for the reaction between E and warm

" sodium hydroxide solution.
(iv) - Draw a well labelled potenual energy diagram for the reaction,
~‘given that the reaction is exothermic.

Outline a mechanism for the reaction between E and hor sodium

hydroxide in methanol.

6.  3.4g of a primary monohalosubstituted alkyhalide Y was reacted with excess hot

sodium hydroxide solution and then with dilute nitric acid. The resulrant

solution was reacred completely with silver nicrate solution and 4.7g of a vellow

precipitate was formed.

(a)

Write a general equation for the reaction,
() between Y and sodium hydroxide.
i for formation of the yellow precipitate.

(i} Stace che role of nicric acid in the reaction.

i)  Name the tvpe of reaction berween Y and sodium hydroxide

shown above.
Calculate the:
(i) molar mass of Y.

(i) hence deduce the molecular and seructural formutac ot Y,
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(d) Wit equations to show how Y can be converted to 2-Iodobutane.

17.  4.1g of a bromoalkane, M, was reacted with excess soditim hydroxide solution:
The resulting solution was acidified with excess nitric acid and diluted to exactly
250cm? in a volumetric fask. 25.0cm? of this solution required 33.25cm? of
0.1M silver nitrate solution for complete reaction.

(2  Determine the molecular formula of M.

(b)  Write the structural formulae and name of all the possible isomers of M.

() P and Q are the isomers of M shown in (b} above. When each of them
was reacted separately with sodium. ethoxide in ethanol and heated, P
formed a colourless gas, R, thar decolourised bromine water while Q
forms an ether. o
()  Identfy P, Q and R.

(d) - Name the type of reaction leading to formation of:

"@® R | (i)  the ether

K. J. Joby& N.N. HYPER
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Chaptér 6

- Alcohols and Phenols
6.1 P;.lcohols | |

6.1.1 Introduction

Alcohols are compounds containing one or more hydroxyl groups attached to saturated
carbon atom(s). They contain the hydroxyl group (—~OH) as a functional group.
Alcohols.with one hydroxyl group are called monohydric alcohols and the aliphatic

monohydric alcohols have the general formula C, Hypp 1 OH or ROH, where Ris an alkyl
group or substituted alkyl group.

Alcohols with more than one hydroxyl group are called polyhydnc alcohols, among -

¢ v'whichswe have: dihyric alcohols (diols}; trihydric alcohols (triols), to mention some.
- Alcohols can also be classified as primary, secondary or tertiary alcohols depending
 on the aumber of cacbon atoms bonded on the alcohol carbon.

H Rt
‘ ! !
ROH R—(ll—-OH R—('EJ—OH
R' R!
Primary alcohol ~ Secondary alcohol Tertiary alcohol

Also, alcohols may be cyclic or open chain, may contain a double bond, a halogen atom

Or an aromatic ring.

6.1.2 Nomenclature of alcohols

Alcohols are named following the [UPAC system as shown below:

. The longest continuous carbon chain to which the hydroxyl group ts directly

atrached is selecred.

.

The name of the alkane corresponding to the longest continuous carbon chain
is then changed to an alcohol by dropping the final *-e” and replacing it with -

ol'. Note that for polyhydric alcohols, the “~¢’ is maintained.

L ¥

The longest continuous carbon chain is numbered so 15 to give the lowest

possible number to the carbon atom bearing the hvdroxvl group. [ndicate the

Deasrty i fyog Qg Lh&mug,try '
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A simplified, well elaborated and illustrative approach to Organic Chemistry

position of the hydroxyl group by using this number as the locant. Then indicate
‘the positions of the other substitutes by using the numbers corresponding to

their positions along the carbon chain as locants.

K. [ Tobs & NN, HYPER

Examples
Structural formula [UPAC name Classification
CHLOH - ‘ | Mctbanol  Primary alcqhol
CH,CH,OH Ethanol Primary alcohol
U CHCH,CHR0H ' Propan-1-ol f anary alcohol
CH;CHCH, .
b Propan-2-ol Secondary alcohol
P o
| ‘CH;.’ C—oH ' 2-Methylpropan-2-ol - | Tﬁf:iary alcohol
CH, % S
. @, _
CH,CH,CH,CH,0H : - Butan-1-ol Primary alcohol
B | CH, CHCH,CH, |
| -2-
o ol Butan-2-ol Secondary alcohol
&
=)
o CH,CHCH,OH '
& 2-Methylpropan-1-ol Primary alcohol
S CH,
=
@
' CIH3
CH;CH, (LH, 2-Methylpropan-2-ol Terriary alcohol
OH
) LOH
O Cyclohexanol Secondary alcohol
OH
Cycloburtanol Secondary alcohol

SO N TRt
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A simplified, well elaborated and illustrative approach to Organic Chemistry

CH CHCH,Br
OH | 1-Bromopropan-2-ol Secondary alcohol
- _ CICHZCHZCHZOH e :3f-(';_hioropropan—1—lpll- - Primary aicohq_l
oH
| cH, . :
g . 2-Methylcyclohexanol Secondary alcohol

. CH,0H | -

- B Pher.lylmethano[‘ 7 Primary alcohol &

. | : | | T
o CHaCHOR | 2 &
Y R 2-Phenylechanol Primary alcohol v 8

=38
~
) IS
N ST CHCH3. ;o . laPi;cqyleLhanql _ Secondary alcohol - .| - 3
‘ HOCH,CH;0H. _l _ .- Ethgne-l.l-diol - Dihy&ric primary alcohol §o
~ ST
- : - 5
CH3(|IHCH20H | Propane-1,2-diol Dihydric with primary é
0H and secondary character &
CH
| Dihydric with primary E
CHz‘fCHZOH 2-Methylpropane-1,2-diol .
: : and rerciary character
OH ’
HOCH,CHCH : et
2(HCH,0H Propane-1,2,3-triol Trihydric with both
o primary and secondary
characrer
OH
i
CH;CCH
e Propane-2.2-diof Germinal diol
OH

Desnystifyung Orgave Chemosliy
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6.1.3 Isomerism of alcohols

Alcohols exhibit chain and positional isomerism. They are also isomeric to ethers.
Example

The organic compound C4H10O has the following isomers as illustrated in the table

below.
.Structural formula of isomer [UPAC name of isomer
oo | Bt
CH;;?HCHZCHg Butan-2-ol
OH o
' CHQ?H:CHZOH L 2-Methylpropan-1-ol
CHy -
CH; ' "~ 2-Methylpropan-2-ol
| - :
CHa — € — OH
CH3,
. ) : S
CH,CH,0CH,CH; | .-  Echoxyethane
CH{0CH, CH,CH, I-Methoxypropane
CH3CHOCH, ' - 2-Methoxypropane
CHs | .
Note

Tests can be carried out to distinguish the isomeric alcohols and also distinguish

alcohols from ethers as we shall see later.
6.1.4 Physical properties of alcohols
(a)  Physical state

Aliphaic alcohols with less than 12 carbon atoms and the lower aryl alcohols are liquids
at room remperature. Aliphatic alcohols conraining more than {2 carbon atoms and

higher aryl alcohols are waxy solids.

(b)  Boiling points
Boiling points of alcohols increase with increasing relarive ‘molecular mass. For the same

reasons as for alkanes, increased branching of the cacbon chain leads to a decrease in

K. Jobs& N.N. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

boiling point. Alcohols also have higher boiling points than alkanes or ethers of

approximately the same molecular weight.

For example, butane (Mr=58) boils at -0.5°C whereas propan-1-ol {Mr=60) boils at
98°C. '

Explanation |

In propan-1-ol, the oxygen atom is more electronegative than the hydrogen atom of
the hydroxyl group and therefore attracts the bonding electrons more rowards itself

than the hydrogen atom does. The oxygen atom gains a partial negative charge while

the hydrogen gains a partial 'positivc—chargé. This makes the O — H bond polar and -

therefore propan-1-ol molecules interact more strongly by intermolecular hydrogen

bonding that would require higher amount of energy to break in liquid phase.
‘ Hydrogenbond '

+8
H
. =6 +6
CH CHz(:HZo H """ (gCHzCHzCH:j
szmzm3

+8
- H/

[n burane, the carbon-hydrogen bonds are n'on-p.olar since carbon and hydrogen nearly -

have the same clcét‘r'onegati’ifity. Butane molecules are only weakly held by the weak

Van der Waal's forces that require a lower amount of energy to break.

Polyhydric alcohols have higher boiling points than monohydric alcohols containing

the same number of carbon aroms. For example, ethane-1,2-diol boils at 197°C while

ethanol boils at 78.3"C.

E.'cp‘ lanation

Ethane-1,2-diol has two hydroxyl groups and forms more intermolecular hydrogen

bonds per molecule than ethanol which has only one hydrogyl group Hence, ethane-
2-diol molecules are more highly associated, requiring higher amount of Energy to

separate than does the ethanol molecules.

Note: For the same reason, ethane-1,2-diol is used as an antifreeze coupled with its very

high solubilicy in water.

() Solubility

Demyrtifyong Orgoce Chewdistiy
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- Methanol, ethaﬁol, propan-1-ol, propar-l—Z-ol and 2-methylpropan-2-ol are all

completely miscible with water. This is due to their ability to form intermolecular’

hydrogen bonds with water molecules.

The solubsility of alcohols in water decreases as the hydrocarbon chain of the molecule
lengthens. All alcohols are soluble in organic (non-polar) solvents and the simpler ones

are themselves useful organic solvents.

6.1.5 Prcparanon mcthods of alcohols

(a) .= Etha.nol by fermentation (REFER TO THE CHAPTER. APPLIED
' ORGANIC CHEMISTRY).

(b)  Acid-catalysed hydration of alkenes .

Alkenes react with concentrated sulphuric acid at room temperature o form .an
alkyhydrqgen’sulpha_ﬂte“_m__termedlare which when added to water and warmed is
hydrolysed to an -a_léoho_l.. - o w
For example

OH

1. conc. H;S0, I
(CH4),CCH,CH,

2. H,0/warm

A 4

() (CH,),C = CHCH,

Mechanism

H1504 (‘“"fm H+ + HSO:J{_

. .
(CH3),C = CHCHy ———r (CH3},CCH,CH,

+

w—rH

~—iOH,

: - ,
(CH;),CCH,CHy (CH )2 FCH,CHy

OH OH,
OH
P L. conc. Hy80, -
(in) o 2. H,0/warm
~ Mechanism

K. J. Joby & N.N. HYPER
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H,0 =—=——=y*

— + HSO,”
+
H;
+ut

X\ )

—_— OH,— >

—H*
OH

()  Hydrolysis of halohydrocarbons

+ Alcohols can be formed by reacting alkylhalides with an aqueous solution of sodium

hydroxide or portassium hydroxide.

For example

: NaOH(aq)
(i) CH;CH,CH,I > CH,CH,CH,0H + Nal
heat :
Mechanism
© . NaOH(aq) _ » Na*(aq) +  OH(ag)

_ NS ; '
HO-...,_‘CH3CH2CH2 71 —— > CH;CH,CH,0H + [T

Nat  + [m ———— > Nal
Br OH
" L KOH(a i
(i)  CH,CH,CHCH, @, CH,CH,CHCH; + KBr
heat
Mechanism
KOH(aq) » K*(aq) + OH(aq)
Br '
} +
CH,CH,CHCH; === CH,CH,CHCH, + Br~
T OH
OH CH3CH,CHCHy —————— (H,CH,CHCH,
K* + Brm ———«KBr

(i) For terriary alkylhalides, water alone can rapidly hvdrolyse them to tertiary

alcohols on boiling.
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(CH3)3C—Br ——%;%ﬁ (CH;);C—0H +  HBr

Mechanism

(CH3)3C—BI‘ __-r.,_—=;_" (CH3)3C+ + BI'—

/ . | | +
Hzo ' C(CH3)3 —_— (CH3)3C'—0H2
—H*
(CH3);C—OH
H* + Brm ————>HBr

(d)  Using Grlgnard s rcagcnts =
Carbonyl compounds can be reduced to alcohols by Gngnard synthems
() With methanol, a primary alcohol is fo rmed.

9 RMgX OMeX  ojdimc . - ‘
Hep —RMeX ey MOMHC, pen,0H 4 MgXOH
dry ether ]
For example

e 1. CH;MgBr/dry ether CH3CH20H
2. H,0/dil. HCl
1. CH,CH,CH,MgBr

HCH /dry ether »  CHyCH,CH,CH,0H

2. H,0/dil. H550,

(i)  With any other aldehydes other than merhanol, secondary alcohols are formed.

(Mg
RIMpX l H,0/dilHCH
RCH dryether RCII~I — RC[{%OH
R "R

For example

OH .
i, CH,CH,MgBr/dry ether
CH,CH » CH,CHCH,CH;
. 2. H,0/dil.HCI

MeBr

. , OHCH;
1. CH,CHCH,/dry ether
CH,CH,CHO » CH,CH,CHCH
2. H,0/dil.HC! cH
3

e R R E R
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A simplified, well elaborated and illustrative approach to Organic Chemistry

S, M0

(iif)  Tertiary alcohols are formed from ketones but the hydrolysis is done using

aqueous ammonium chloride because the dilute acid tends to dehydrate the alcohol
forming an alkene.

(|)| - Rl OMgxX on
RC Rl R ng Rﬁ: R[ Nﬂgcl(ag) > R (|: RI
Rll Rﬂ'
For example
' OH
0 1. CH4MgBr/dry ether I
CH-C CH > CH;CCH;
Ea 2. NH,Cl(aq) !
) CH;
OH
0 1. CH,CH,MgBr/dry ether |
CH,C CH,4 2. NH,Cl(aq) > CHyCCHy
- + e ' CH,CH,

Note

CamScanner

Grignard synthesis is a very important method in synchesis of organic compounds since
ir.increases the carbon chain to any required number of carbon atoms and can also

introduce branches in a given compound.
() Reduction of - - carbonyl compounds using - lithium
tetrahydridoaluminate(III)

Aldehydes are réduced to primary alcohols and ketones are reduced o secondary

alcohols. Dry ether is used as a solvent in this method.

-

Examples

A 4

LiAlH, /dry ether

CH,CH,CHO CH4CH,CH,0H

OH

&
=
=
b
8
'--\
~
o
B
.-\QJ .
QO
_h
8
8o
Q
%]
S
Ky
~
<
-
0

P LIAIH, /dry ether s

Other reducing agents that can be used include:
» Lichium retrahydridoborate(Ii) in presence of dry ether.
* Sodium [etrahydrido'borate([[[) in water or mechanol. ’
» Hydrogen in presence of nickel catalyst on heating,
e Sodium and ethanol.

¢ Zinc and echanol acid.

Examples

Devivstifving Organdc Chevosbry




A simplified, well elzborated and illustrative approach to Organic Chemisiry
i LiBH,/dry ether 1
(D) CHstIZH_CHO > CHa(fHCHZOH :
CH, -  CH,
NaBH, /H,0 |
(iD) @‘CHO o/Hz > @-CHZOH
(i) = CH,COCH NaBH, CH,CHCH
111 >
3 3 CHOH 3? 3
: OH
CHO CH,0H
/\;/ H,/Ni _ /\/ ‘
() > [
150°C ¥
" ' : Na/Ethanol -
(v) CH3COCH,CHy S A > CH3|CHCH2CH3
0 O o
i) : CH;COOH i '
! : L

ar—————

H Clcm'mf::nsen reduction
(CHECK alkanes and carbonyl compounds)

()  Reduction ;)‘.f'lc':arb'oicj‘r[i;:'ac:idﬁs

B Primary alcohols can be formed by reduction of carboxylic acids using lichium
Q terrahydridoaluminate(Iil) in dry ether.
= Examples
':':;';-" :
LiBH,/dry ether
= CH;FHCH-_‘ o/dry > CH,CHCH,
= _ i
. COOH CH,OH
- LiBH,/dry ether —
— COOH o/ 4ty > --CH,OH
S ——’

(h)  Reduction of acid halides

Acid halides are reduced by lichium retrahydridoaluminate(I1[} to alcohols.

LiBH,/dry ether
CH4CH,COCI » CH3CH,CH,0H

o . COBr LiBH,/dry ether

4

- CHon

K. J. Joby & N.N. HYPER | ?
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The reduction can also be achieved by Bubbling hydrogen through the acid halide as
shown in the example below:
H, /colioidal Pt catalyst X

CH,CoCl > CH5CH,0H
. _ 1,2 — dimethylbenzene

() Reduction of esters

Alcohols can be formed by reduction of esters using eicher lithium
tetrahydridoaluminate(III) or sodium in ethanol.

For example,

' LiBH, /dry ether
CH3COOCH, /dry » CH,CHOH + CH,OH

- Na/Ethanol
~ HCOOCH,CH, — CH;0H  + CHyCH,OH.

LiBH,/dry ether

CH,CH,COOCH, CH,CH, > 2CH,CH,CH,OH

- ' LiBH,/dry ether
~ —COOCH,CH,CH, o/dry >

(@
()

—CH,0H + CH;CH,0H

(j))  From primary amines | |
Primary amines react with nitrous acid which is formed in situ from sodium nitrite and
dilute hydrochloric acid to form primary alcohols.

For example,

NaNQ, /dil. HCl

Y

CH4CH,NH, CH,CH,0H + H,0 + N,

NaNQ, /dil. HC] B

—

. “CHzNHZ

—

Y

—CH,0H + H,0 + N,

6.1.6 Chemical properties of alcohols

(a}  Reaction with sodium

. Alcohols react with sodium to form hydrogen gas and 4 sodium alkoxide.

For example, ethanol forms sodium erhoxide and hvdrogen gas.

2CH;CH,0H + 2Na ~ ——— 2CH;CH,0Na + H,

-

2 —-CH,0H + 2Na———> 2 —CH,0Na + H,

S
(b)  Reaction with concentrated sulphuric acid

Alcohols react with concencrated sulphuric acid tw form difterent products depending

on reaction conditions and the wpe of alcohol.

 Damwibifying Organc Chenwstiy
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()  At0°C, an alkylhydrogensulphate is formed.

Ethanol, for example, forms ethlyhydrogensulphate.

conc. H,50, ' -
CH,CH,OH o > CHyCH,0S0;H  + H,0
Mechanism -
H,50, H* + 0S0,H

+

+

CH3CHZ Q{'l_/‘fH ——— CH3CH2 '_\'QHZ
\

|
—H,0

Lo~
B ! ' 'i'}- \-_
CH;CH;050;H <=—— C(H,CH, 050,;H
C conc. H,50,
CH;CH,CH,0H 0°c > CH;CH,CH,0S805H

(i) ~ When concentrated sulphuric acid is used and an excess of a primary alcohol at
140°C, an ether is formed. |

For example, ethanol forms ethoxyethane.

cone. H,S0,
- 140°C

© CH,CH,0H » CHyCH,OCH,CH; + H,0

Mechanism

H,50, =———— H* + HSO]

CH,CH, OH

+
/{H*.m“ CH:CHZ - QHE
N .

—H,0

¥

. . + N .
CH3CH,OCH, CHy «———  CHyCH,  HOCH:CHy

(it} When an excess of concentrated sulphuric acid is used and the temperature raised
to 170-180%C, an alkene is formed.

For example, ethanol forms echene ac 170-180°C.

' conc. H,50,
CH,CH,0H > H,C=CH, + Hy0
: 180°C .
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Secondary and tertiary alcohols too can be dehydrated to form corresponding alkenes.

: conc. H; 50, ,
CH3§HCH2CH3 - ) » CH3CH = CHCH3;+ Hp0
heat
OH
conc. H,50,
(CHa)aCOH heat > (CH3)2C = CH2 + Hzo

(Check section 3.2.6 for mechanisms)

(c)  Reaction with concentrated phosphoric acid

Alcohols can also be dehydrated to form alkenes using hot concentrated phosphoric
acid. |

For example

—  OH _
‘ 7N conc..H; PO, :
(1) A } — CHCH; - N /—\ N .
g o —CH=CH, + H,0
\\;,/ heat \__/_f 2 z
Mechanism |
H4PO, H* + H,PO;
s CHCH M, ""—CHLHJ
= ou =,
-/v’ L
— —
—— - ’ /\ +
- CH =CH; ¢ v —CHy - CH,
vt /—*H
H,PO;
y conc. H; PO, |
(i)  CH,CH,CH,CH,OH — » CHyCH = CHCH, + H,0
ea .
Mechanism
HPO, =———= H* + H,P0;

Dewmystifving Orgaunic Chesmdstry
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H* |
CH3CH2CH2CHZQ€/ - CH3CHZCHZCHZ\?H2

~H,0 .

v LR

+
CH, CH, CHCH, 4:7 CH, CH,CH, CH,

CH:;(EEJT CHCH3 ——> CH3CH = CHCH;

H, PO

(d).." Reaction with hydrogen halides

(i) Chlorination _

Anhydrous alcohols react with dry hydrogen chloride gas in presence of anhydrous zinc
chloride catalyst to form alkylchlorides. The gas is bubbled through the alcohol or
concentrated hydrochloric acid can be used until the solution is sarurated and refluxed
on a water bath. | "

" dry HCl/ZnCl, catalyst CH

CH;CH,CH,0H 3CH2CH2'C1
reflux E E
-7 Mechanism
‘ S +8 -8
B CH.CH,CH0H 7§ CH,CH,CH, — OH
3 2 2.1—/" ) —_— 3 2 2 Y 2
3y “
g “H?'O .
o _
o0 é—‘ﬁ
5 CHyCHoCHy Ol «————— CH,CH,CH,
=] -
= cl
@
dry HCI/ZnCl, catalyst
CH3CHCH; == ﬂ" . CH,CHCH,
OH reflux a
Mechanism

588 K. J. Joby & NN HYPER
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‘ 45 -5 CH5CHCH
CH;CHCH; -8 W
 OH \T ;é 2

"‘Hzo

. ,_|_‘_/“
CH3CHCH, «——— CH3CHCH3\L
cl Cl

For tertiary alcohols, the catalyst may not be used.

conc. HCI

(CHs)4COH > (CHy)yce

Mechanism
+6 -8

=
Y

H=Cl +
(CHy)aCOH 7N} 5 (CH;);C - 0Ky

J. Jobs & N.N. Hyper
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—H,0

(CH;)3CCl «——— (CH3)3E£/’“
; cl=

(i)  ‘Brominarion
Alcohols react with hydrogen bromide for form alkylbromides. ‘
The hydrogen bromide is prepared from sodium bromide and concenrrared phospharic

acid.

_ - NaBr/conc. H;PO,
{H;CH,CH,0H > (CH,CH,CH,Br
reflux

Mechanism

DEMYSTIFYING Organic Cbemi.\'ﬁ(.

H,PO, + 2NaBr

2HBr  +  Na,HPO,

+§ -6 ,
A —Br 5
CH,CH,CH,0H - A, CH4CH,CH. —OH,
o . i

-H,0
¥ -
CH:.‘CHECHEBF —— CH]CHgéJz
Br~
OH
o B
- NaBr/conc. H,PO, '
heat

Deanvstifving Organde Chentogtiry
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(e) Reaction with phosphorus halides | '
(i)  Alcohols react with phosphorus(V) chloride to form alkylchlorides.

For example
CH3$HCH3 > CHyCHCH;
OH

Cl
’\Q>—CH20H PCls > @—CHC[

The general equation is:

ROH +PClyg ——m RCl + POCl; + HCI

Sulphur dichloride oxide (thionyl chloride) canlsimi[aﬂy be used in presence of pyridine .7

on reflux.

CH,0 S0%h CH,Cl
CH H > CH,CH
3w pyridine/ reflux R

Phosphorus(IIl) chloride can also be used although the reaction is slow.

J\/; , . - _ |
(i)  Alcohols also'react with p'ﬁosphorus(m) bromide or phosphorus(HI) iodide to”
form alkyl bromides and alkyl iodides respectively.

Bromine ot iodine is added to the alcohol and red phosptiorus and the mixture refluxed

on a water bath.

[2 + REd P,;
CH,CH,OH > CH,CH,I
reflux
Br, + Red Py
CH3CH?_DH > CH]Cstr
_ reflux

()  Esterification using carboxylic acids

Alcohols react with carboxylic acids in presence of concentrated sulphuric acid catalyst
to form esters on heating.

For example

CH;CH,0H + CH;COOH conc. H,50,

» CH;COOCH,CH; + H,0
Heat .

Mechanism '

TR T TS
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. ‘ o 1? H
H — > CHyC—OH
CH;C— OH — CH;C—-OH 3
HOCH,CH; - HQCH,CH,
/]LHJ’ shift
05 H | H
g ~H,0 "
CH3(I: ' <—‘—' CH3C1 —\?Hz
gt OCH,CH, OCH,CH,4
Y
CH;COCH,CHy
Alternatively
e — CH E OH
CH,C = OH T CHC-O0H T LG
' i HOCH,CH; HOCH,CH,
S
H* shift
+0H pH
i ~H,0 N
CH,C — — CHiC<QH,
g OCH,CH, OCH,CH;
0
CH;COCH,CH,

" Note

For more explanation of this kind of esterification check under carboxylic acids and

eSEers.

(g)  Reaction with acid halides
Alcohols react wich acid halides to form esrecs.

For example

>

(1 CH,CH,0H + CH,Cod —> CH,COOCH,CH; + HCI

Mechanism

" Dewystifvinug Qrgance Chesndstry
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CHyC—Cl — > CHG<{ CHsC + O
HOCH,CH; HOCH,CH; HQCHZCHB
—~H*
¢
CH,;COCH,CHs
H* + €& ———— HC
€ocl
/
| @ (\/COOCH3
(iiy  CH;0H — > @/
methylbenzoate
Mechanism
W R , 0
cl =l X e
A £ ...._..M chi AN
DL [ HOCH;™ 9 QCH; ————— 7"\ HQCH,
\\v// — \\v/) N
| e
A0,
HY + (7 HCl
(h) Oxidation of primary and secondary alcohols
L. Primary alcohols can be oxidized to aldehydes using acidified porassium
dichromare(VT) solution, acidified manganese(IV) oxide or acidified

chromium(V1) oxide on hearting.

Examples

() CHyCHCHon —2CR0@OMIGA) L oy g

heat
+
(i)  CHyCH,OH Ml‘;'o’t/H » CH,CHO
. . ed
B 0, /H" - .
(iii) - CH,CH,0H; Cro /M-, —CH,CHO

heat e
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Note

When excess of the acidified dichromate solution is used, a carboxylic acid is formed.
Acidified potassium manganate(VII) solution is a very powerful an oxidizing agent and

will oxidise the primary alcohols to carboxylic acids.
0. (aq) /H _ .
(i) CHsCH,CH,0H —& C": :‘ H7(a9) 5 oy, cH,cOOH
_ ea

Vs \ y + .“\
(ii) -’\O)—CHZCHZOH KMaO,/H” -’.O}_CHZCOOH

heat

General balanced equations,

3RCH,0H(W + Cr05~(aq) + BH*(aq) ———— > 3RCHOQ) + 2Cr**(aq) + 7H,O()

-IRCH0H() + "Cr04(s) + 6H™(aq) ——————> IRCHOQ) + 2Cr**(aq) + 6H,0()

3RCH,OH() + 2Cr,037(aq) + 16H*(aq) ——————> 3RCOOH() + 4Cri*(aq) + 11H,0()

Observation for each reagent

Reagent used . Observation

- |-Acidified  porassium  dichromare(VI) | Orange solution turns green

solution’

Acidified chromium{VI) oxide ) Red solution turns green
Acidified potassium manganate(VII) | Purple solution rurns colotirless

|
- i
solution |
]
]

2. Secondary alcohols are oxidized to ketones by any suitable oxidizing agent.
OH ' .
() CHyCHCHCHy — Q@M@ o oy oy
heat ’ )
OH
, MnO,(aq)/H* (aq) -
(i CH,CHCH;4 /M@ CH,COCH,
heat
v OH CeO. fH+ -
(iii) ~—CHCH, 104/ -~ COCH,4
o heat

0
COH K,Cr,0,(aq)/H (ag) '
heat

(iv)

Note: Tertiarv alcohols are resistanc to oxidarion.
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A simplified, well elaborated and illusirative approach to Organic Chemistry

1 K. Joby& N.N. KYPER

(i)  Oxidation of methylalcohols

‘The only primary alcohol with a methyl group attached to the carbon atom containing.a

hydroxyl group (ethanol) and all secondary alcohols of the form CH3gHR, are oxidized by
: _ OH
iodine solution in prescnce of sodium hydroxide to form a yellow precipitate of tritodomechane

(CHI3).
This test is callcd the iodoform test.
Examples

CH,CH,0H() + #i;(ag) + 6NaDH(aq) ——> CHI;(s) + HCOONa(aq) + 5Nal(aq) + 5Hz0(D)

CH3CHCH3(1) + 41,(aq) + 6NaDH(aq) —— > CHIy(s) + CH;CO0Na(aq) + 5Nal(aq) + 5H,0(0)
OH o

Similarly, the equations may be written as:

H
CH,CH, o —2 (/N0 @9 cyi, + HCOOH

heat
5 ,
CH,CHCH; - 1,(aq£/ NaOH(aq) , cyy, + cH,COOH
OH leat : _

6.1.7 Test for alcohols

The functional group in alcohols is the hydroxyl group;(-—O H). [t can be tested using
sodium metal. S | . o
Observation: Bubbles of a colourless gas produced.

Phosphorus pentachloride or ethanoylchloride can also be used to test for the - OH
group.

Observation: Dense white fumes are formed.

Note

All classes of alcohols give posicive resules for the above tests. However, the three classes
of alcohols can be distinguished using Lucas reagent. | |
Lucas reagent is a mixcuce of equimolar quantities of concentrated hydrochloric acid
and anhydrous zinc chioride at room temperature.

Each of the classes of alcohols forms a corresponding alkyl chloride.

Primary alcobols show no observable change.

Secondary alcohols form a cloudy solution within 5 minutes.

Tertiary alcohols form a cloudy solution immediately.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

6.1.8 Uses of ethanol

* Ethanol is used in the manufacture of alcoholic beverages.

e Asasolvent for pharmaceutical preparations and a constituent for medicines.

* Manufacture of ethanal, ethyl ethanoate, cosmetics, ethanoic acid, chloroform,
e.t.c. '

e Asasolvent for paints, oils, perfumes, dyes, varnishes, gums, etc.
* Used as a preservative for biological specimens.

* Asa fuel in spirit lamps and stoves.

6.2 Phenol

Phenol belongs to a group of orgamc compounds called phenols. Phenols are-

compounds containing the hydroxyl group directly attached to an aromatic ring.
Phenols+have the gencral formula ArOH where At is a phenyl (C5H5 —) group, a
subsmuted phenyl or any orher aryl group. . N

6.2.1 Structure of phenol

Phenol has a molecular formula CiHgOH or CoHgO. It is sometmes. called

hydroxybenzene. The structural formula of phenol is

o
/\ 5
or '
[n phenol, the hydroxyl group is attached to sp- hyb ridized carbon atom of the aromaric
ring and the oxygen atom of the hydroxyl group has ewo lone pairs. The C- 0 bond

length in phenol is slightly less than that in methanol due to resonance in the aromatic

ting of phenol.

6.2.2 Preparation of phenol

(a)  From chlorobenzene
Chlorobenzene is hydrolysed by aqueous sodium hvdroxide ar 360°C and 150aim to
form sodium phenoxide which is reacted wich diluce hvdrochloric acid to form phenol.

Similarly, chlorobenzene can be catalyrically hydrolysed by passing it wich steam over

silicon caralyst at 425"C.

Devwstifying Orgaae Chemdistry
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CH

. Cl ) ﬁNa+

©/ NaOH(aq) diLHCL
360°C, 150atm

k H,0(g)/Si catalyst /J

425°C

(b)  From benzenediazonium salt
Benzenediazonium chloride is first formed by the reaction berween phenylammc and
sodium nitrite and dilute hydrochloric acid at 0-5°C. It is then warmed with water or ~

dilute acid to form phenol.

: +
2 : N = NCI”
/f‘\\/ NaN@, /dil. HCl A
g 0-59€ — ~
N Voo
NaNO, /dil. HCl
H,0
50°C
 /H*/H,0
" warm
OH
. \\_// I ) ) .

()  From benzenesulphonic acid

The benzenesulphonic acid is formed from sulphonation of benzene. It is then
converted to sodium benzenesulphonate which is then fused with sodium hydroxide to
form sodium phenoxide which is finally converted to phenol by reaction with dilute

hydrochlo rif; acid.

CSOH 50;Na
A fuming H;50, //:\“ NaOH(aq) | /N
ot 35 —500C v <
NaOH({aq)
300 — 3509C, fuse
S OH . ONa*
’ dil. HCl e
‘::j:f/ =

(d) The cumene process
Benzene is alkylated with propene in the liquid phase with aluminium chloride cacalysc

ot in the gas phase with phosphoric acid catalyst at 250°C and 30atm to form cumene.




A simplified, well elaborated and illustrative approach to Organic Chemistry

The cumene is then oxidized by air to form cumene hydroperoxide which is then

decomposed with warm dilute sulphuric acid to form phenol along with propanone.

CH(CH,),
© CHLCH = CH, . ©/
cone. Hy PO, cat./250°C/30atm
. CH,CH = CH, J - \0,

AlCl; catalyst

Hi
OH ' ~ CL—-0-0H
v H,0/dil. H,50 A f
. CH,COCH, + @ <« H0/dil. 550, \\J) CH,
Byproduct . warm :

6.2:3 Physical properties of phenol ~

()  Appearance

Phenol is a colourless crystalline hygroscopic solid but becomes pink on exposure to air
and light. [t has a peculiar characteristic smell and a strong corrosive action on the skin.
(b)  Melting and boiling point

Phenol melts at 42°C and boils ac 182‘]@:' .

The boiling point of phenol is much hiéher than corresponding aromatic hydr.océrbo ns.
For example, phenqlk boils at 182°C whereas methy[beniene boils at 110.6°C yert the
two co_mpouhds have almost the samie molecular weigh.

Explanation ‘ :

[n phenol, the oxygen atom is more electronegative than the hydrogen atom of the,
hydroxyl group. This makes the oxygen atom to withdraw the bonding electrons
more towards itself than does the hydrogen atom. This makes the hydrogen-oxygen
bond polar and therefore phenol molecules interact through intermolecular hydrogen

bonding which require a higher amount of energy to break.

A =f w4 -3 ey
. —0-H 0 -
Hydrogen ----—-———- —GH
bond 5 -8 T
H=-0 -

However, molecules of methylbenzene are held by weak Van der Waal's forces thar

' require a lower amount of energy to break.
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(©  Solubility

Phenol is only completely miscible with water above 65.5°C. Below this temperature,
phenol is only partially miscible with water because of the hydrophobic benzene ring,
[ts solubility in water above 65.5°C is due to ability to form intermolecular hydrogen

bonds with water molecules.

Phenol is however very soluble in organic solvents.

6.2.4 Chemical properties of phenol

6.2.4.1 Acidic nature

A solution of phenol is acidic.

Observation |

A solution of phenol turns blue liemus paper red whereas a solutionlofethanol has no
effect on licmus paper. N |
Explanation

A solution of phenol is acidic while that of ethanol is neutral.

In'phenol, the lone pair of electrons on the oxygen atom interacts w1th and forms
part of the delocalized pi-electrons of the benzene ring, mcreasmg the effective
electron density abour ic. This strengthens the carbon-oxygen bond but weakens
the oxygen-hydrogen bond. Thereforé, in aqueous solution, the ‘oxygen-hydrogen
borid casily breaks and phenol releases protons in ‘solution, making the solution
acidic. |

In ethanol, however, the ethyl group donates electrons towards the oxygen atom,
increasing its electron density and strengthening the oxygen-hydrogen bond.

Therefore, ethanol does not easily release protons in aqueous solution.

The dissociation of phenol in water to form a stable phenoxide ion and hydrogen ions

makes ir a weak acid.

.~ ,OH - 0
i ) s _,Q\ g
... (g} + H,0( (ag) + H40%(ag)
e / N

The acidic nature of phenol enables it to:
¢ turn blue litmus to red.
e react with sodium metal to liberate hydrogen gas.

e react with sodium hydroxide solution to form sodium phenoxide and warer.
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However, phenol is so weak an acid that it cannot liberate carbon dioxide from aqueous
solutions of sodium carbonate or sodium hydrogen carbonate. The two reagents can

therefore be used to distinguish phenol and any carboxylic acid.

6.2.4.2 Reactions of Phenol
Phenol undergoes two different reacrions:
o Reactions of the -OH group.

o Electrophilic substitution in the benzene ring.

1. Reactions of the -OH group
(i)  Reaction with sodlum hydroxldc

By virtue of its acidic. nature, phenol reacts with sodium hydroxide (an alkali) to form

sodium phenoxide (a salt) and water.

' OH ,ONa*
//\\/ 0 . T H,00
\\y (s) + NaOH(aq) v(aq) + H,0Q)

(i) Reaction with sodium metal

- Like all alcohols, phcnol reacts with sodium metal to from sodium phenoxide and .

hydrogen gas: B : . . -
. OH  ONat*
5 /A\/- 2 //—'-;\v"' a
2 $MNa —— 2 T
\/ \_,// 2

(ii1)  Esterification
Phenol reacts with acid chlorides o form esters bur the reaction occurs in alkaline
medium. '

For example,

9
i
~.  -OH ~ .. OCCH,CH
N - DH(ag)/CH,CH,COC AN eed
> _ + H,0 + CI7
= Room remperature AN

Phenylpropanoate

Mechanism

e .o~ 0

J. Jobs & N.N. H_ypeﬁ
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A simplified, well elaborated and illustrative approach to Organic Chemisiry
CH

. .
+6 CH,CH
QY e @/% o

-l
0
[ _ :
0CCH,CH; - L
Ny E
- OH X -:—coc[ — 2
\ | N\ + NaCl + Hp0
,OH ' ~ - .
. /\»‘ _/0N3.+ . .-
\:/ + NaOH —— S
d the ot : i - U erym 0
L — + Na*
B N \/
' TN P
& P o= oe—
= o Cl-C— A N
. /——*ﬂ o
w N ~Q s
Fat] Ay
=
=
@ o -ClIz
o OC-

.Note

Phenol does not esterify with carboxvlic acids.
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(iv)  Ether formation (Williamson’s synchesis)
Phenol reacts with haloalkanes in alkaline solution to form corresponding ethers.
OCH,CH,

©/ + CHyCH,Br NaQfiaq) + NaBr + H,0

Mechanism

/\/GNa‘" 0
'\\% > !*\\J + Nat

/\.\

0 OCH,CH
A 5 -5 AT
S CH,CH, — Br . ¥ + Br-
N7 ! N

Na* + Br- NaBr

(v). . Reaction with phosphorus(V) chloride

Phenol reaces very slowly with phosPhorus pentachlonde to form chlorobenzene The
reaction occurs much less readily than it is in alcohols and the yield of chlorobenzene is
poor. | _

. OH cl

s + PCls - + POCL, + HCI

Note: Phenol does not react with hydrogen chlorides.
(vi) Reaction with zinc
Phenol vapour reacts with heated zinc dust to form benzene,

.OH
Zn dust
Rt heat S

+ In0

(vii) Reaction with neutral iron(III) chloride solution

Phenol reacts with neutral iron(ITI) chloride solution to form a complex.

Observasion: Purple/violet colouration.
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A simplified, well elaborated and illustrative approach to Organ_ié Chemistry

This is the chemical test for phenol and alsb for all compounds containing the enol

g[’OLlp. .
\ /

/ \

= enol group

2. Electrophilic substitution with the benzene ring

This is also called electrophilic aromatic substitution. Phenol is more reactive towards
electrophilic aromatic substitution than benzene. The substitution occurs at the ortho-
and para- (2- and 4-) positions because the hydroxyl group is ortho- and para-directing.

The higher reactivity of phenol than benzene is explained in one of the reactions below:

(i)  Reaction with bro:mnc water

.. Phenol reacrs readily with bromine water to Form 2,4,6- mbromopheno[ No Lewis ac1d

is required as is the case of benzene.

OH OH-

/;\\\ ~Br

(ag) + 3Bry{ag) — > (s) + 3HBr(aq)

N Y

2,46 — mbr.omaphenol

L - T ) -

~ Observation: A white preClpl[ate is formed

With chlorme water, a similar reaction oceurs and 2,4, 6—tr1chlcrophenol is formed.

The reaction is fast with phenol but requires a halogen carrier for benzene. Why?

Reason

[n phenol, the lone pair of electrons on the oxygen atom interacts with the
delocalized pi-electrons of the benzene ring, increasing the electron density of the
benzene ring, activating it and making it readily attacked by electrophiles. Phenol
therefore easily reacts with bromine water to form insoluble 2,4,6-tribromophenol.
For benzene, the double bonds in benzene are not true double bonds but rather
contains delocalized pi-electrons. A catalyst is required to induce a degree of polarity
in the bromine-bromine bond to produce an electrophile that is atracked by

bénzene to form bromobenzene.

K. J Jobyé& NN HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(ii) Hydrogenation
Phenol is reduced to cyclohexanol by hydrogen when passed over nickel at about 200°C.
OH OH |

0"
| 200°C |

Phenol reacts with dilute nitric acid at room temperature to form 2-nitrophenol
(major producr) along with 4-nitrophenol.

(iif) Nitration

?H ' OH OH
) NOZ . 1
,<:> diLENO, A A$<:) . o
| _ 25°C L N P g
NO,
2 — nitrophenol 4 — nitrophenol

{(major product)

The two isomers can be separated by steam distillation.

When concentrated or excess nitric acid is used, 2,4,6-trinitrophenol is formed.

oH o . - . 0OH

02Ny .NO

7 A conc, HNO: A 2
\\—7 25°C= \\"/

NO,

2,46 — trinitrophenol
(common name: Picric acid)

(iv)  Sulphonation

Phenol readily reacts with ordinary concentrated sulphuric acid at room temperature

to form 2;hydroxybenzenesulphonic acid.

[Fa temperature of 100°C is used, 4;hydroxybenzcncsulphonic acid is formed as the

major product.

Dewntystifying Organce Chamdistiry
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SO, H
_25°C

OH
| 2 — Hydroxybenzenesulphomic a_cid

© + conc.Hp50, —, oH

100°C

50, H
4 — Hydroxybenzenesulphomic acid

W Alkylatlon

Alkylation of the benzene ting of phenol requlrcs an alcohol or alkene in presence of

concentrated sulphuric acid caralyst on gentle warming.

Secondary or tertiary alcohols are preferred because the mechanism involves formation

oF a stable carbonium ion. The alkylphenol is formed in a low yield.

Examples
OH " oH OH
i .
. | CH(CH,) P
AN CH{CH=CH, . A (CHa)z N
N conc.H,50,, warm N * Y'
| o o CH(CHy),
N - -
\ CH]CHCH] /‘l .....................................

conc. H;50,, warm

(vi) Acylation

Phenol reacts with ethanoychioride in presence of a large excess of aluminium

chloride to from corresponding 2-and 4-substituted phenolic ketones.

OH OH ~ OH
o .~ . COCH ~.
S CH,CoC! AN RN
' +
RN Excess AICly = o’
2 — Hydroxyphenylethanone CDCH3

4 — Hydroxyphenylethanone

“Haa hjfoby&NN HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemisiry

(vii) Coupling reactions

Phenol reacts with benzenediazonium salt in alkaline solution to form an insoluble

bright coloured azo compound.

| 6 + ()/J“?ENCT o Q@Nﬂ—@w

(4 ~ Hydroxyphenyl)azobenzene

Observation:Bright yellow precipitate formed.

- 6.2:6" Comparison between reactions of phenol and ethanol

Reagent'" N

Ethanol

Phenol

Sodium metal

Phosphorus(V) chloride

' Reacts to form hydrogen

gas

' Reacts rapidly o form.

180°Cwith excess of the

acid

Reacts to form hydrogen

gas

Reacts very slowly giving a

hydrogen chloride poor vield of
chlorobenzene
Echanoylchloride Reacts readily to form | Reacts in presence of an
ethyethanoate alkaline solution to form
phenylethanoate
| Concentrated  sulphuric Readily reacts and  is | Readily reacts and s
acid dehydrated to ethene at!sulphonated o form

ortho- and para-isomers

DEMYSTIFYING Organic Cbﬂ'ni;ﬁ: X

Devvtifving Qiganee Chewistiny

6.2.5 Confirmatory test for phenol %
- : 5
~ Reagent:  Neurral iron(II) chloride solution. - Y g.
Observation:Purple/violet colouration. ‘Zb o
Equation 3 ;E
OH > ':f'

OFeCl, :

f/,—v N e ' %

V/ (s) + FeCiy(aq) — A'\\_//‘E(aq) + HCl(aq)
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M ;;hydroxxdc '

: ”'form _sodium:

CtlDIl smce v-1t-_ 1§ {-Rea

e k£ o

so[utmn ' ‘;phenox'dc mcc 1t is acidic’

2 b

Ncutral i;on(-I\I.I'). lclzhlorid<e VNO reactrio‘nr | Phenol reacts to form. a"

violet coloured complex

'-Halogen ac1ds (HCI HBr, Forms * corresponding | No reaction -

HI) . | haloalka.ncs
Ethanoic acid ' Rcacts to form ethyl | No reaction
ethanoate "
Hydrogen/mcke catalyst lNo reacmon -Reacts at 200°C o form
SR i R | cyclohexanol .
Concentrated nitric acid No reaction Forms 2,4,6-trinitrophenol
Bromine water ! No reaction | Forms a white precipirate |

of '2,_4,6—tribromophcnol | }

LR L A S

Zinc a0 5 N reaction Reacts on heating to form |+

- : s benzene

Jodine  solution  and Forms a yellow precipirate | No reaction

B sodium hydroxide solutibn . of triiodoromethane

O |

g Benzenediazonium - No'reaction .| Forms a bright yellow

_'ﬁ‘" chloride | precipitate of an azo dye

:..

=

1]

= ) !
6.2.7 Uses of phenol
()  Manufacture of cyclohexanol, which is used for producrion of aylon and as a

solvent for rubber.
\ (i)  To make Detol, a powerful antisepric.

(i)  Manufacture of azo-dves, phenolphthalein, etc.
(iv)  Manufacture of picric acid which is used as an explosive and for dveing silk and
wool.

(v)  Manufacture of drugs like aspirin.

K. [. Joby& N.N. HYPER
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6.3

Some synthetic problems

Write equations to show how the following conversions can be effected.

G

1€

Ethanoylchloride to ethanol.

@%HBr

O

(c) Ethanolto 3 - bromo — 2 — methylbutan — 2 — ol.

Solution
CH;COOCH,CH,
" LiAiH,
CH3CH,0 - dry ether
E . | B
CH4COCi H/colloidal Pd catalyst CH,CH,OH
: 1,2 — dimethylbenzene T
d
. s,
H,0 \ ) dry ether
' ‘ ”
CH4COOH -
(|)H
T o _— O _ =y
= R LiAlH, =
FeBry = = dry ether A
Bry
~ Red phospharus
o reflux
joss ¥
_ —CHBr
S

Denvystifving Organce Chesistiy
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(c) |
MgB
| B o
MnO,/H* 1. CH,CHCH,
CH;CH,0H > CH3CHO —=—>
T heat : 2. Hyo/diligl CHaCHCH(CH:):
conc. HZSO4
heat
OH . !
MnQ,/H*
CHCHE(CH;), "heza/t CH,CH = C(CH,),
7 Br
2. Without using equations, show how the following conversions can be effected.
(a) 2-phenylpropane to 'hydroxybnzcne. .
(b)  But-2-ene to echanol.
Solution

(a) .

- 2-phenylpropane is oxidized by air to form cumenehydroperoxide thar is decomposed -
with warm dilute sulphuric acid to yield phenol. | . = : : E
by o | -
A solution-of but-2-ene in tetrachloromethane is reacted with 6zone at a temperature :

- below 20°C to form an ozanide. The ozonide is hydrolysed using zinc and ethanoicacid -
o form ethanal. Ethanal is reduced using an ethereal solution of lithium |

tetrahyridoaluminare(I1[) to form ethanol.

]
&
=
L
0
- W
=
=
o
_1 .
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End Of tOpiC assessment exercise

Complete the following equations and write the IUPAC name of the main

organic product in each case.

conc. H,PO
()  (CH;)3COH - —
_ heat
anhydrdus ZnCl,
b CH;);COH >
®) (CHa)s conc. HC!
(i) CH, Mgl

(€  CH,COCH,

(ii) aq. NH,Cl-

T
. LY
LIAIH 2y
d CH3CH,COOCH,CH — &
( ). e e “dry ether m o
T =
() CH3CO,H + CH,CH,CH,0H —aHC 25
reflux N W
_ 8 g
N A1703 ~
. —OH . - . <
® = heat ’?E
ey
OH o §
) A CH.CH=CH, _ _ O
(2) o conc. Hp 504, warm - 3
JOH - | R
10 = el o
o 2
OH =
R =
. — conc. HNO- Ec:;
(M v room temperature S
' . Ly
_ COOH | Q
0 = LiAIH,
OH
0 T H, /Ni
o 200°C
CHs cry02/He
l . st .
2 . heat
OH
CHs g0 /mt
(m) " heat

DewnviGfyvungy Orgaunie Chenistry
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2. Complete the following equations and in each case, write a mechanism for the

~m1,w‘«|MﬂM-ib‘iw§-a;m:wmw

reaction.
(@)  CH,CH,CH,OH conc. H3 PO,
a ~
e 360°C ,
_ NaOH(aq) : B
b CH;(C-H:)OH CH4CH;B > , :
(b) 3(CgHs) + aCHyBr heat
() (CH3);CBr + OH(ag). > ‘
: conc.H,S0
d CH4),COH 29-s i
@ (G, e [
: OH(ag) . ]
(e) CH_;CHZCHZCE heat %
. H
' . conc. H;50, - :
' (0 CHJCH_Z-CH%CHZOH 18002 N :.-::--.--':‘ . P
NaBr/conc. HaPO, ‘ *

(8)  CH,CH,0H

reflux
. H,50 :
h canc 2. .4 N ol
(h)  CH4CH,OH e
: . H,50
()  CHyCH,CH,OH OReTate
gec
M PO,
. | _conc.HsPO,
)] (CH,),CCHCH, ot
B T
Gy conc. H-PO
K ‘ . 1PU, .
g}- : () Al heat _
LEﬂ 3.  Write a mechanism to show how each of the following conversions can be eftected.
o - = ' :
= (@ _ —CHyl —— _ —CH,0H
= ~ —
(b ey _
= () | =O0H ————— _ —OCH,CHCH,
() CHyCH,COBr ———— _ ~~0OCH,
() CH,CHaC(CHy), ———— = CH3CH,C(CH3),
. . Br OH
(€}  CHyCH,OH ——-—-—>  (CH;CH,);0

K. J. Jobsy& NN HYPER
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State what is observed and write equation(s) for the reaction that occurs when.,
(a)  Neutral iron(IlI) chloride solution is added to an aqueous solution of

hydroxybenzene.

(b)  Benzenediazonium chloride is added to phenol in aqueous sodium

hydroxide.
(c)  Bromine water is added to phenol.
Write equations to show how the following conversions can be carried out. In

each case, indicate the necessary reagents and conditions.

(2)  Propan-1-ol from propyne..

(b)  Bromocyclohexane from hydroxybenzene.
()  (CH3)3COH from CH;COCH;.

(d)  Hydroxybenzene from bromobenzene.
(e)  Propan-1-ol to 2,2-dichloropropane.

(f) Ethene to 2-methylburan-2-ol.

(2  Propan-2-ol from ethanol.

(h)  Ethene to buran-2-ol.

=, =
O _COCH;  from O

() \;_/;rMCHZOH from .Eij,-—Br

(k) - _(::HCHB from \y

OH

() HO—{ y—S0,H from benzene.

m T w _ —N=N—  —od
(n) : to =0

///—\\, t -'i; L
(o) ) o . TTCHCH,
OH
_CH(CH,),
A :
(p) 9 to Phenol
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A simplified, well elaborated and illustrative approach to Organic Chemistry

6. Describe how the following conversions can be effected in the laboratory (No

equations are required)

(a)  Ethylamine from ethanol.

(b}  Benzene from phenymethanol.

c)  l-methylcyclobutene to 2-methylcyclobutanol.
d)  Propan-l-ol to 2-bromopropane.

e)  Chlorobenzene to phenol.

Benzene to methylbenzoate.

P T ST T Ty Ty
Ranv)

g)  2,2-dibromopropane from propan-1-ol.
h)  Ethylbenzoate from phenol.
7. Name the reagent(s) that can be used to distinguish between the following pairs

of compounds. In each case, state what would be observed if each member is:

separately created with the reagenc and write equation for the reaction.

_
()
—

|-phenylethanol and 2-phenylethanol.

(b)  Phenol and burtan-1-ol. :
(c) .Butan_-l-ol and 2-methylpropan-2-ol.
- (d) CgH;COOHand CcH;OH. |
" _ {e)  Methanol and ethanol. .
() Echanol and propan-2-ol.
B f (g Sodium benzoate and hydroxybenzene.
. (h) . Phenylethanol and 2-phenylpropan-2-ol.
& ()  2-phenylpropan-2-ol and 3-phenylpropan-I-ol.
% AN
§ o and .
L 8.  Compare the reacrivicy of echanol and phenol with each of the following -

reagenss. {[nclude equarions for reactions if any)
a)  Sodium hydroxide. |
b) ~ Sodium metal.
¢} Phosphorus(V) chloride.
) Echanoyl chloride.

(
(
(
(
(
(

d
¢} Bromine water.
b [lodine soluton and sodium hydroxide solurion.

(g Benzenediazonium chioride.

(h)  Neutral iron(IIT) chioride.

i K. J. Joby & N.N. HYPER
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10.

11.

(i)

®

Concentrated suphuric acid.

An organic compound, Q, contains carbon, hydrogen and oxygen only.
On combustion, 0.463g of Q gave 1.1g of carbon dioxide and 0. 563g of
water. Determine the empirical formula of Q.

When vapourised, 0.1g of Q occupies 54.5cm? at 208°C and 98.3kPa.
Determine the molecular formula of Q.

Q reacts with sodium meral with evolution of a gas. Write the structural
formula of all possible isomers of Q. ,

Q reacts with anhydrous zinc chloride and concentrated hydrochloric acid

to form a cloudy solution in about 5 minutes.

(i)  Identfy Q.
~(ii)  Showhow Qca be synthesmed from but—2 -erie.
A compound W conains 52.2% carbon, 13% hydrogen and the rest being’

OXYyEcn.

(a)

)

Dcterrnine the empirical formula of W.

When vapourised, 0.1g OFW OCCUPlCd 78.8cm’ at 150°C and a pressure
of 740mmHg, R

(i) Calculate the Formula mass of W.

(i)  Derermine the molecular formula OFW.

(it)  Write the scructural formula of all possible isomers of W.

W does not react with sodium metal. Identify W.

Write an equation o show how W can be prepared from methanol.

A solution of R containing 2.8gdm™ exerts an osmoric pressure of
370mmHg at stp. Calculate the molar mass of R.

An organic compound R contains carbon, hydrogen and oxygen. 3.4g of
R burns with a sooty flame producing 5.04dm’ of carbon dioxide and
2.70g of warer at stp.

(1) Calculate the empirical FormulabofR.

(i)  Hence determine the molecular formula of R.

R reacts with a mixeure of anhydrous zinc chioride and concentrated

hydrochloric acid bur does not react with acidified potassium

dichromare{V1).
(i)  [dencitvy R.
(i)  Write equarion for the reaction berween R and 4 mixwre of

anhvdrous zinc chloride and concentrated hvdrochloric acid.

Denwstifvong Organce Chemndtioy
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12.

13.

14.

K. J. Jobsy& NN HYPER

(d)  Write equations to show how R can be converted to an alkyne.

Identify any pair of alcohols that can be distinguished by the following reagents

and in each case, state what is observed when each of the compounds in the pair

is reacted with the reagent(s).

(a)  Iodine solution and sodium hydroxide solution.

(b)  Anhydrous zinc chloride and concentrated hydrochloric acid.

() Acompound T contains carbon, hydrogen and oxygen only. On
complete combustion, 7.50g of T formed 17.8g of carbon dioxide and

9.27g of water. Determine the empirical formula of T.

(b). - When vapourised ar 760mmHg and 400K, 0.225g of T occupied

100cm3.

(i) Determine the molecular formula of T.

(i)  Write down-the structural formulae and TUPAC names of isomers™ -~~~

of T.
() T does not react with an acidified solution of potassium dichromate(VI),
but reacrs teadily with a mixture of anhydrous zinc chloride and
~concentrated hydrochloric acid to form a.il:loudy solution.
(i) Identify T.
(i) ~ Write equation and indicate fnechanism for conversion of T to
alkene. - |
60.0cm’ of a gaseous hydrocarbon Y was exploded with 400cm? of oxygen. On

cooling ro room remperature and pressure, the residual gas occupied a volume of

280cm’. On shaking with dqueous potassium hydroxide, the volume lefr-

occupied 40cm’. When Y was treated with hydrogen chloride gas, compound G

was formed. G reacts wich sodium hydroxide solution to form compound J. ]

reacts with echanoic acid to form compound L. Compound L has an empirical

formula of C3HgO and | is resistant to oxidation.

(a) Determine the molecular formula of Y and write the strucrural tormula
of the possible isomers of Y.

(b}  Write the names and structural formulae of G, J and L and write
equations leading to their tormarion.

(c)  Write equations to show how you would converr

(i) GwY.
(i) Y into methanol.

(i) JwoG. -

s S e " oy VO g i £ ool bt i d s e N L
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15. (@) A compound Z conatins 60.0% carbon, 13.3% hydrogen and the rest
, being oxygen. Calculate the simplest formula of Z. _.
(b)  When 0.698g of Z was dissolved in 100g of a solvent, there was 0,19°C

depression in freezing point of the solution (Kr of the solvent = 1.63°C).
Calculare |

(i) the simplest formula of Z.
(i)  the molecular formula of Z.
{c)  Write the names and structural formulae of all possible isomers of 7.
(d)  When Z was reacred with iodine in aqueous sodium hydroxide, a yellow
prcc1p[tate was formed. -
(i) Identify Z | ‘
(i) - Write equation for the reaction between Z and mdme in aqueous
sodjum hydroxide.
(ii)  State what would be observed if Z is reacted with acidified

potassium dichromate(V1) solution and name Lhe major orgamc

product. - . -

E CamScanner

(e} When:Z:was.heated with excess concentrated sulphuric acid, a gas W_-
T . . ’ o qa ! q
. which' ‘turned’the purple solution of acidified manganate(VI) to

colourless was evolved. Write equation for the reaction:

4

(i) Z and concentrated sulphuric acid and suggest 2 mechanism for

reaction.

(i) W and acidified manganace(VI[) 10ns and name the major

product.

(B Suggest a plausible mechanism for the reaction berween W and hydrogen
iadine.

5.
a,
P\
T
2
2
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16.  4.73 of Z containing carbon, hydrogen and oxygen only. Z on combustion give
e

g of carbon dioxide and 2.79 0f water.

) Dertermine the empirical formula of Z. '

bl When a mixture cantining compound Z was sceam distilled ac
760mmHg and 98°C, the distillate contained 12.75g of water and 3.7¢

of Z. [f the vapour pressure of water is 720mmHg ac 98'C, determine the

molecular formula of Z.

() Zburns with a sooty flame and the pH of its aqueous solurion is less than

7. Wrire the molecular scructure of Z.,

Denunyt f.ﬁ"L-l"lQ—‘ h YL Chewtiyt Y
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(d) Z was reacted with bcnzeﬁediazonium chloride in presence of sodium
hydroxide.
(i)  State what was observed.
(iif ~ Write equation for the reaction that took place.

17. A compound X contains 76.32% carbon, 6.38% hydrogen and the rest being
oxygen. A solution of X in water turns blue litmus paper pink but does not
liberate carbon dioxide from carbonates. A solution of 1.50g of X in 20.90g of
benzene freezes at 1.3°C while pure benzene freezes at 5.50°C.

(a)  Determine,

(i)  the empirical formula of X.’

(i)  the molecular formula and write the structural formula of X ..

(Kr of benzene is 5.49°C per 1000gmol™)
) Explain why a solution of X turns blue litmus pink.
()  Describe the reaction between X and bromine water.
(d)  Write equation, indicate conditions and outine mechanism for the
reaction berween X and ethanoyl chloride.
(&) Write equarions to:show how X can be,
(i) .prepared from benzene and propene.
(i)  converred to methylcyclohéxane.
(f  Namea reagent that when separately treated with X and erhanol.
(i), gives a similar observation.
(-ii) can be used to distinguish X and ethanol. (In each case, state what

would be observed)

18. (a)  Borth phenol and ethanol conain the same functional group.
(i) Nanie one reagent that can be used to distinguish phenol and
ethanol. '

(i) - Stare whar would be observed if each of the above compounds is

separately treated with the reagent you have named in (1) (i) above -

and write the equartion for the reaction that occurs it any.
- (i) Describe three chemical properties in which the chemistry of
phenol and ethanol is similar.
(b)  An aqueous solution of phenol turns blue litmus paper red whereas that
~ of ethanol has no effect. Explain chis observation.
(c)  Write equarion and mechanism for the reaction berween:

(i) - phenol and propanoylchloride in alkaline medium.’
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19.

20.

(i)  ethanol and methanoic acid in presence of dilute sulphuric acid.
(iti)  phenol and 2-chlorpropane in alkaline medium.
6.20g of a bromoatkane Q, CyHzanBr contains 65.04% by mass bromine,

(a)  Determine the molecular mass of Q.

- (b)  Write the structural formula and IUPAC names of all possible isomers of

Q | |

() When Q is refluxed with aqueous potassium hydroxide, a compound W

is formed which forms two layers after five minutes with a mixture of

concentrated hydrochloric acid and anhydrous zinc chloride. Identify .-

H  Q
(i) W.

*(d)  Write equation and suggest a mechanism for the reaction berween

(i)  Qand alcoholic porassium hydroxide solution. -
(i)  Qand an alkaline solurion of phenol.

(e} State what would be observed and write equation for the reacrion berween

W and-acidified chromium(V1) oxide.

- -When30cm’ of an organic compound Y, of formula CuH3,0 was burn in excess
- “oxygen.and cooled to room temperature, 240cm? of the residual gas was formed.

On addirion of concentrated potdssium hydroxide solution, the volume reduced
180cm’. Y burns in oxygen according to the equation:

CaHn0® + (72) 0y

3n

- 000,(®) + (5)H20()

(@ @ Determine the molecular formula of Y.

(i)  Write dowm the structural formulae and [UPAC names of the
possible isomers of Y.

(b) Y reacts with sodium metal torming bubbles of a colourless gas. [dentify
Y.

(c)  Discuss the reactions of Y wich sulphuric acid. [ndicate equarions and
mechanisms for the reactions.

Explain each of the following observations

{a)  Phenol is a stronger acid than cvelohexanol.

(b) - The boiling point of ethanol is higher than that of echyvlamine.

(e} Phenol is sparingly soluble in warser-but very soluble in dilure sodium
hvdroxide solution, '

Phenol reacts readily with bromine warer to from a white precipitate but
benzene requires a caralyst to reach wich bromine.

Desystifying Organie Chestdstry

5
a,
H

s
2
=
D
£
S
~
A
3
§
O
3
S
S
S
=
&
=
S
<3}
Q

E CamScanner

L]




PR LAl

Jsuuesswe) (5

A simplified, well elaborated and illustrative approach t0 Organic Chemistry

Carbonyl compounds

7.1 Introduction

N\
Carbonyl compounds are otganic compounds with the carbony! funcrional group/l =0.-

It is the carbonyl group that largely determines the chemistry of aldehydes and ketones.

- Thereare two classes of carbonyl compounds i.e., aldehydes and ketones.

il il
R—C—H R—C—R'
* Aldehyde ' "Ketone

Aldehydes (Alkanals) are compounds with the general formula RCHO. Thiey possess a

single hydrogen atom atrached to the carbonyl carbon (with the exception of methanal,

HCHO) that possesses two hydrogen atoms atrached to the carbonyl carbon and no

hydrocarbon substituent.
il
H—C-H
Methanal

This hydrogen atom arrached to the carbonyl carbon gives aldehydes cerrain properties

which kerones do not possess enabling the two classes to be distinguished.

Ketones (Alkanones) are compounds with che general formula, RCOR', hence there are

two hydrocarbon substituents artached to the carbonyl group of Kerones.

The general formula of saturated aliphatic aldehydes and ketones is C H,,0. The

cvclic ketones have a general formula CHy,_50.

* The difference in structure of aldehydes and ketones atfects their properties in two ways:

(a)  Aldehydes are quite easily oxidized whereas ketones are oxidized only with difficulty.

(6)  Aldehydes are usually more reactive than ketones towards nucleophilic addition.

= = - . [ . [ . S Cuy
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A simplified, well elaborated and illustrative approach to Organic Chemistry

7.2  Nomenclature

The IUPAC nomenclature of aliphatic aldehydes considers dropping the ending “.€” of
the corresponding alkane and replacing it with the suffix “-al”. The main carbon chain

is named as usual. The carbonyl carbon is considered as carbon number 1.

Examples
Formula ' TUPAC name
HCHO-"’ . Methanal -
CH3CHO - Ethanal . :
. ) ) R ) § .
| CHO | S Propanal T
CH4CH,CHO | pans i
S | - 3§
CH,CH,CH,CHO utanal 28
o | 3 E
CHO o Benzaldehyde : ]

@CHZCHO L. Phenylethanal

CH,(HCHO . { 2- Methylpropanﬂ
- CHy -
r
CH;CHEHCHO 2 — Bromo — 3 ~ methylbutanal
CH, :

p 0

]

-2
o
Y
5

20

Q

%]

=

E

=

<

2y

Q

H3r@cr{o ‘% 4 — Methylbenzaldehyde
Orom o
OZN—\ CHO 4 — Nitrobenzaldehyde

CHO '
@( | _ 2 — Hydroxybenzaldehyde

OH

For ketones, the [UPAC names are derived by raking the stem of the name of the

carresponding alkane and replacing the ending “-e"with a suttix “"-one”.

Dty sbifyis g Organiic:C hevcgtry
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The position of the carbonyl group is indicared by a number, the carbonyl carbon being

given the lowest possible number.

Formula | ) TUPAC name

- Propanone

. CH3COCH;

CH;CH,COCH; Butanone

CHyCOCH,CH,CH; Pentan - Zj—opé—

CHQCHZ CoC HzCH3 Pentan — 3 —one

(GO 3 Medylbusaone o
3 PR 18 ' : h ' :_-.-,'.f‘; e :

U - Cyclohexanone

Cycloburanone

R ;;:OTCOCH; o C Phenylethanone R B
@ CH,COCH, _ Phenylpropanone
O\_ g__/O> Diphenylmethanone

J2uued25wWIeED E
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A simplified, well elaborated and illustrative approach to Organic Chemistry

7.3  Physical properties
(a)  Physical state

Methanol is a gas, other aliphatic aldehydes and ketones of relatively low molecular
weight are colourless liquids ar 20°C. Those with high molecular masses are solids.
(b)  Solubility '
The liquid ‘aldehydes and ketones of low molecular Wéight are very soluble in water, for
example merhanol, ethanol and propanone are all miscible with water. This is because
they form intermolecular hydrogen bonds with water molecules.
Nyl

, N\
R/ . Hs+

Higher carbonyl compounds with more than five carbon atoms and the aromatic

carbonyl compounds are insoluble in water.

Carbonyl compoinds are soluble in the usual orgamc solvencs and some of them like
propanone themselves useful organic solvents. Solubility in water decrease with increase
in size of the molecule because increased molecular size distorts the Formatlon oF
hydrogen bonds with water. |

(o) Bmlmg points -
The polar carbonyl: group ‘makes aldehydes and ketones polar compounds hence they have

higher boiling points than non-polar compounds of comparable molecular weight.
For cxa_fnp[c, propanone has a higher boiling point (56°C) than butane (=0.5°C) yet both
compounds have the same molecular weight.

4 —

0

it
CH — €~ CH, CH3(CHy),CH;
m.p. 56°C m.p.—0.5°C

The oxygen atom in propanone is more electronegative than the carbon atom ro
which it is bonded. [t therefore pulls the bonding electrons more towards itself gaining
a partial negative charge and the carbon atom gains a partial positive charge.

This makes the carbon—oxygen double bond polar and the whole molecule polar.

Propanone molecules therefore are held by stronger intermolecular forces of

attraction (permanent dipole-dipole van der waal's torces of attractions) that require a -

higher amount of energy to break. However, burane molecules are non-polar hence

have weaker forces of attraction (temporary dipole-dipole van der waal's forces of

atcraction) that require a lower amount of energy to break.

Dewvitifving Organdie Chesisty
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However, carbonyl compounds have low.ef boiling points as compared to alcohols or

carboxylic acids of comparable molecular mass. This is because of their inability to form

hydrogen bonds between their molecules.

For example

Although ethanal and ethanol have almost equal molecular masses ethanal boils at
21°C yet ethanol boils at 78°C.

Ethanal cannot form intermolecular hydrogen bonds between its molecules. Its

» molecules only interact through weak van der waals forces of attraction that require

a lower amount of energy to break. For ethanol however, the oxygen atom is more
electronegative than the hydrogen atom to which it is bonded. The oxygen atom

gains a partial negative charge and the hydrogen atom gains a partial positive charge.

© This makes-the oxygen-hydrogen bond polar and ethanol molecules interact through

intermolecular hydrogen bonds thar require 2 higher amount of energy to break.

7.4 Isomerism

Carbonyl compounds exhlblt structural isomerism. They can show cham lsomerlsm and'

positional isomerism among “themselves.
They also show functional group isomerism among themselves (aldehydes and keto nes)

and with alcohols, alkenes, enols and ethers.

Example

An organic compound Q contains 66.67% carbon, 22.22% oxygen and the rest bemcr
hydrogen.

(a) Determine the empirical formula of Q.

(b)  Deduce its structural formula if its vapour densicy is 36.

(c)  Write the structure formulae and names of all the possible isomers of Q

EER—
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()  percentage mass of H = 100 — (66.67 +22.22) = 11.11

:,DH
i

OH

A_ﬁ

CH,4

CH4CH = éHCHZOH
H,C = CHCH,CH,0H
CH,CH,OCH = CH,

Hzc = §OCH]
CH,

Elements - C H - 0
%mass 667 1111 22.22
Mols 6667 1111 2222

12 1 16 _
Simplest ratio 5.5558 11.11 . 1.38875
1.38875 1.38875 1.38875
4 8 S |
Empirical formula is C4HgO.
(b)
(C,Hg0), = 36 X 2
(48+8+16n=36%X2
T2n=72
sn=1
| Mqlecular formula is G,HgO.
(@ o - : |

" STRUCTURE OF ISOMER NAME

] CH,CH,CH,CHO Buranal

i CH3COCH£CH3 Butanone

| CH3CHCHO 2 — Methylpropanal

CH, | :

.Cyclobutanol” '

2 — methylcyclopropanol

But—-2-en-1-ol
But—3-en—-1-o0l
E[hokyc“_thene
2 - Methoxypropene
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7.5  Laboratory Preparation

(a)  From controlled oxidation of alcohols
()  Aldehydes can be prepared by controlled oxidation of primary alcohols
using an acidified potassium dichromate(V1) solution or acidified

potassium permanganate solution. The reactions require heating.

KZConv(HQ)/H+(HCI).; CH,CHO

CH,CH,0H
warm

Or . _
3CH,CH,0H(l) + Cry0,° (aq) +BH (ag) — ~ 3CH,CHOQ) +2Cr¥*(ag) +7H,0(

CH;0H ' : CHO
KyCry0;(a)/H* (aq), @
_ heat .
Or ' Lo :
CH,0H CHO
3 ©/ + Cr;0,° (aq) + 8H+(aq) — 3 ©/ +2 Cr3t(aq) + 7H,0(1)

Note
Primary alcohols may undergo secondary oxidation to carboxylic acids. The aldehyde

- must be distilled from the reaction mixcure as it is formed

Also, in order to avoid the secondary oxidation, it s preferable to use a dichromare(VI)
solution rather chan manganate(\/ﬂ) ‘solurion since dichromare ions are milder in the
omdlzmo action. The orange solution turns green in case dichromate is used.
Acidified chromium(VD) oxide mav be used or acidified manganese(l[) oxide, on
hearing in both cases.

CrO5/H* -

CH,CH,0H » (CH,CHO
. heat
N
Mn0, /H*
heat

(i)  Ketones can be formed by oxidarion secondary alcohols using acidified
potassium dichromare(V1) solurion, acidified potassium manganare(V1D) solution,
acidified chromium(V1) oxide or ucidiﬁcd manganese([V) oxide. Heat is required in all

Cases.

K. J. joby& NN, HYPER
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[{zcr207/H+
heat

. o
- CH,CHCH, » CH,C CH;

Oxidation¢an also be achieved by dehydrogenation of the alcohols when passed over

. copper-catalyst heated to about 300°C.

CHyCH,OH ——CalYst o o
C T 300

o Cu catatlyst
CH;CHCH, :
: OH 300°C

» CH,COCH,

Jobs & N.N. Hyper
CamScanner

Note

[ndustrially, methanal is formed by oxidation of methanol vapour over heated silver,

-

0,/Ag catalyst .

> HCHO
C&{OH - 500°C

Ethanal can be formed in a similar way:

0,/Ag catalyst

CH,CH,0
3LHLOH 500°C

> CH,CHO

(b)  Oxidation of methylbenzene

This methed is only suitable for preparation of benzenecarbaldehyde (benzaldehyde).

The methyl group on the benzene ring is oxidized using chromium(V1) dichloride

dioxide (chromyl chloride). No hear required.

CH, | CHO
@\/ CFOZCIZ N ©/

Acidified manganese(IV) oxide or acidified chromium(VI) oxide may be used bur the

reaction requires heating.

%
S
O
g
B
S
S
=
Loy
Q

Denivitifvig Organic Chewubiry




Jauueagwe) E

A simplified, well elaborated and illustrative approach to Organic Chemisity

CH; - B CHO
@ MnO,/H* .
heat
CrOg/H*

" heat

(¢)  Hydrolysis of germmal dihalides

Germinal dihalides are hydrolysed with aqueous sodium hydroxide to form ketones or

aldehydes depending on the position of the halogen atoms.

cl _ .
NaOH (a o
CH3CH, [ H (aa), CH;CH,CHO

cl heat
?1
' NaOH (aq)
CH3(‘IHCH2CH3 —— CH,COCH,CH3
Cl heat

This preparative method is not commonly used for aliphatic compounds because of the, .+

difficulty in obtaining the dichloro compounds.

However, benzaldehyde ‘can be: formed using the method because the dichloro & ...
compound is easily obrained by free radical chlorinacion of methylbenzene. Water alone” o

can effect the hydrolysiﬂs\.r S e ‘ o b

§ CH, CHCY, |
@ Cl,/u. v light H,0 - LHO
O =0

heat ].OODC

(d) From Grignard reagents |
Kerones can be prepared when a Grignard reagent is added to an allyl or arylnitrile and
the product hvdrolysed with a'diluse acid. CH;CN cannot be used. |

1. R'CN/dry ether/O”C
2. 2H,0/dil. HCI

CN
: COCH,CHy
@ I. CH,CH,MgBr/dry ether/0°C //’Q\\/ -3

2. 2H,0/dil. HCl o

RMgBr RCOR'

Examples

oy

: L CH,MgBr/dry ether/0°C '
CH4CH,CN MeBr/dry ether/0C ey, CH,COCH,
2. 2H,0/dil. HCI




A simplified, well elaborated and illustrative approach to Organic Chemistry

()  From acyl chlorides. (The‘RoseAnmund reaction) |
This method is only suitable for preparation of aldehydes.
Acyl chlorides are reduced to aldehydes by hydrogen on a poisoned palladium catalyst
supported on barium sulphate. The catalyst is poisoned using sulphur and quinoline.

This prevents reduction of the aldehyde to a primary alcohol.

H, /poisoned Pd/BaS0, catalyst
heat

CoCl CHO
' ©/ H,/poisoned Pd/BaS0, catalyst
‘ he_at

() Decarboxylation of calcium salts of carboxylic acids

CH;CH,COC

»CH,CH,CHO

. dry distill :
... {(CH,C00),Ca + (HCOO),Ca aopoe T 2CHICHACHO +2€aC0; -

oo°c

. : heat
(CH,C00),Ca ——* CH,COCH; + 2CaCO0,

The calcium salts are prepared by reacting a carboxylic acid with calcium carbonate.

For example:

| CaCo heat ~
CHCH,CO0H — 23— » (CH,000),Ca ~—————> CH;COCH,CH,CHy

{(HC00),Ca
dry distill/400°C
CH; CH,CH,CHO
Note
Calcium salcs of carboxylic acids when heated decompose to form ketones. For example,
ethanoares of calcium, magnesium and barium Form'propanone- and corresponding

carbonates.

(CHyC00),Ba ——DE—+  CH,COCH, + BaCO,

(CH,C00),Mg —PE8L—»  CH.COCH, + MgCO,

Ehanoates of nickel, copper and zinc form propanone, corresponding oxide and carbon

dioxide.

(CH,CO0),Ni ——35 o CHCOCH, + NiO +CO,
. - heat
(CHy€00),Cu —————%  CH,COCH; +€u0 +CO,

Propanoartes form butanone on heating,

Dewnvystifying Organic Chemestiy
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A simplified, well elaborated and illustrative approach to Organic Chemistry
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(g)° By Friedel Crafts acylation

Aromatic ketones can be formed by reacting benzene with acylchlorides in presence of

anhydrous aluminium chloride catalyst.

Al COCH,
+ CH,COBr : >
500C
COCH,CH,
+ CH,CH,COC! Alcl, >
. 50°C

(h) | Ozonolysis
Carbonyl compounds can be formed by bubbling ozone through 2 solution of an alkene

in terrachloromethane at temperature below 20°C to form an ozonide. The ozonide is
then hydrolysed using zinc and ethanoic acid.
‘ 1. 04/CClL/< 20°C

CH,CH = CH, : » CH,CHO + HCHO
2. H,0/Zn/CH;COOH |

1. 04/CCly/< 20°C

CH;CH = CHCH; » 2CH;CHO
2. H,0/Zn/CH,CO0H
ﬂ:H3 L 04/CClL/< 20°C 0o
: . < 20° i_ .
CH4C = CHCH,4 Tl » CH,CCH; + CH3CHO

7. H,0/Zn/CH,COOH

1. 0,/CCly/< 20°C 2 0
»  HC(CH,),CH
2. H,0/Zn/CH,COOH

This method is not recommendable for organic synchesis since a mixrure of producrs is
formed. [t may only be used to synthesize carbonyl compounds formed from

symmetrical alkenes.

(i)  Hydration of alkynes.
Carbonyl compounds can be formed by reacting alkynes with dilute sulphuric acid in

presence of mercury(ll) sulphate catalyst ar 60°C. Ethyne forms ethanal while other

alkynes from kerones.

3
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A simplified, well elaborated and illustrative approach so Organic Chemisiry

dil. H,S0,

HC =CH » CH,CHO
HgS0, cat./60°C :
C=CH ‘ - »~COCH4
dil. H,S0, %
* HpS0, cat./60°C
, dil. H,S0,

CH;C = CCHj » CH,CO CH,CH;

‘ HgS0, cat./60°C

7.6 Chemical properties of ca:boﬁyl compounds

Carbonyl compounds undergo different types of reactions. These 1nclude

(a) Nuclcophlllc addition reactions. ‘21 _
(b) Condensation reactions . i\ u
(c)  Reduction rcaqions | g E
(d) Oxidation reactions ? UEj
{e)  Other reactions. 3 S

S
N
S .
O
2
3
S
&I
3
Q

(a)  Nucleophilic addition reactions

+ The highly polar carbonyl group prﬁviées a site for nucleophilic addition in carbonyl

" ~compounds. The carbonyl compounds undergo this type because: “the oxygen atom on
“the carbonyl carbon is more electrarzemnve than the carbon atom’. The oxygen atom

therefore ateracts the bonding electrons more towards itself, gaining a partial negative

chargé whereas the carbon atom gains a partial positive charge. This makes the

carbon-oxygen bond polar. The partial positive carbon is therefore readily attacked

by the nucleophile which adds itself across the carbonyl group forming a single
product.

[lustration
R . : R '
\‘5":6' . \C 5 R canbe Hor
/c’* A /[ hydrocarbon group
R ~ 27 R' A

Aldehydes are more reactive than ketones towards nucleophilic addition.

This is because ketones usually have two alkyl (or aryl) groups atrached to the
carbonyl carbon. These groups are electron-releasing hence reduce the degree of
positive charge on the carbonyl carbon, reducing how teadily the carbonyl carbon

is attacked by the nucleophile. Furthermore, the bulky hydrocarbon groups in

Demvbifvug] Migaanic Chendsbry




A simplified, w:ll elaborated and zllmtratwe approach to Orgamc Chemistry

ketones increase steric hmd:ance about the carbonyl carbon, impeding the

approach of the attacking nucleophile, reducing reactivity.

The aldehydes conrain one hydrocarbon group and the carbonyl carbon is more positive
and less sterically hindered than in ketones. Also, aldehydes with shorter (less bulky)
hydrocarbon groups are more reactive than aldehydes with more bulky hydrocarbon
groups on the carbonyl carbon. This similarly applies to ketones. : W

Consider the carbonyl compounds below:

0 1z i:‘:
CH3CI-[ < >—C CH,, HCH, <>CH CH3CCH3. %:

CHqCH,CH, and CH3CH,CCHRCHy

The compounds can be arranged in order of decreasing reactivity towards nucleophilic

artack as shown below, for reasons explained above.

.0

. P| 8 ﬂ (l)l I >©—CH> I I
“HCH > CH}CH > CH}CH2CH > CHgCCH} > CH3CH2CCH2CH3 / -

o .. (@-—CHJ >©‘ﬁ

~Examples of nucleophilic addition reactions

IRLY

B ()  Addition of hydrogen cyanide (Cyanohydrin formauon) _
£ Aldehydes and simple ketones reace with hydrogencyanide ar 10-20°C to form 2- :
a' Hydroxyalkanonitriles (Cyanohydrins). The hydrogencyanide is prepared in situ from
% the reacrion berween dilute sulphuric acid and potassium cyanide or sodium cyanide.
g For example; _ 7
@ .
KON/ dil H,S0, oo
CH,CHO > CHyCCN
10 —20°C
H
Mechanism
\. H]C\é_ 6_ H3C\C D-"\ . oH
SR e HY —— ¢, H
Ho CN N
CN 2-Hydroxypropanonitrile
H ;
1 KCN/ H* 0 |
CH4CCH; > CH;CCH, :

CN

| K J. Joby& NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemisiry

Mechanism
ONg e BN O g
A5 T HY —— cH,C ch,
H 4
CN

2-Hydroxy-2-metlylpropananitrile

The reaction occurs very slowly but can be made to occur rapidly in presence of an

alkali.

o . OH
HCN/ OH 0
CH3CH,CCHy ——> CH3CH,(CH;
' . - CN .
O
i S
Mechanism o
RS . =
. =\ 2 =
< ‘ P \*?[7*— L
CH3CH,GCH3 ———— CH;CH,(CH; '/7)- ‘é ‘E
\ . . CN Y 3 ]
i CN ' -
Ve
N ?H
: CH3CH,CCH;
. _ _ CN

4
R
&
3
20
§)
s
3
=
3
A
Q

] 2-Hydroxy-2-methylbutanonitrile
Note

e The cyanohydrins formed can be hydrolysed to form corresponding

hydroxycarboxylic acids, i.e.,

conc. HCI QH

CH3—$'—H . CH;—F—H
N reflux, 50°C COOH

2-Hydroxypropunoic acid

H OH

9 conc. HCI - CIIICH
CH] CH] : ﬂ SODC g 3 3
CéN reflux COOH

2-Hydroxy-2-methylpropanoic acid
o+ Benzaldehyde reacts with potassium cyanide in a different manner. [t cannot
: form a cynohydrin.
(ii)  Addition of sodium hydrogen sulphire
Most aldehvdes and methyl ketones react with excess sodium hydrogen sulphite
solution at room temperature to form white crvstals which are an addidion product.

Dervstifving Organic Chewdatioy




A simplified, well claborated and illustrative approach to Organic Chemistry

Examples
_ OH
' NaHSO0, /
CH;CH, CHO — CH3CH2C{
 “S0;Na
Mechanism
“NaHS04 » Na* + HSO;
o : \7) ,/0 H* shift /OH
% | . NSO,H . s07
—c ¥t 5
0 T -0 | Na*
- OH ' : oH
CHy iy | |
S0;Na o
Propanal hydrogensulphite . . :
CH, COCH, —— 20—y (CHy)f—O0H PR K
50,Na o
B Mechanism : | .
e NaHS0, » Na* + HSO3
. _
&
2 /?) A e shit Ve
= (CHado L ——— (cu,).c S (CHz)zc\
- , . NsoH 503
—¥* ]
0 T 0 Na*
OH
(CHJ)zﬁ_OH
503Na
Propanone hydrogensulphite
Nore

Aldehydes undergo this reaction more readily than ketones for reasons already

explained.

K. J. Joby& N.N. KYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

Only methylketones undergo this reaction because the methyl group is the smallest
hydrocarbon group that can be attached to the carbony! carbon.
Any two larger ‘groups attached to the carbonyl carbon hinder approach of the

nucleophilic sulphite ion to the carbonyl carbon due to steric hinderance.

(b) Condensation reactions

Carbonyl compounds react with compounds containing the amino group (—NH,)
to form compounds containing the imine group}C = N—), with elimination of a

water molecule. The reactions take place fast in presence of a dilure acid caralyst but

 very slow in the absence of the acid. o
| c

Examples - E
(i) ~ With hydroxylamine (NH,OH), oximes are formed g
‘ L)

RCR' + NHZOHH—+* RC = NOH + H0. E

S
3
2
2,
©
3
=
o>
B
£

;
S
S

S

So
S
O
§ |
&
5
%
Q

Rf
H+
RCH + NH,0H—"——>> RC = NOH + H,0
Examples
‘. .
ey —EBES e = NoH + H,0
H

Ethanal pxime

Mechanism

Dewvififving Qogavae Thewdbny




" A simplified, well elaborated and illustrative approach to Organic Chemistry

+
: OH OH
CH,CH  HY—> CHCH ——> CHCH
:NH,OH *NH,OH
\lrﬂ+ shift
+
_ Ha
CHiCH < CH%
NHOH :NHOH
CH3¢ = NOH
H
Ethanal oxime

. 9 . H3
. +
- @CCH; _NH,OH/H7, - @'E NOH 4 H,0

Phenyéthanone oxime

. | | ' g ' ~ - Mechanism
| o )
g Obi—Oh —of
"“:NH,0H +NH,0H
& .
= Ht shift
&
o : ’ +
:I e H7
H,0 ZPH,
2 Orgen = L=k
§HOH . sNHOH
{Hs

s‘ | @‘CzNOH

Note: The oximes formed are crystalline solids.

(i) With hydrazine (NH,NH;)

| K_)'jo-byfr N HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

T

+
RCR'+ NH,NH, —o—> RC =N —NH, + H,0
R

+
RCH + NH,NH, ——> RC = N — NH, + H,0

Hydrazones are formed. Since hydrazones also have an amino group, they may react

further with the carbonyl compound to form an azine.

. 9 H "
NH,NH,/H* I
@‘C“ ALEEE, @c:mz + H,0

Benzaldehyde hydrazone

1 Y

N u
L. 8
| Mechanism & E-

| . + ‘ :
e NS LI o S8
@CH Y CH ——— 3
C CH B W
| ~—NH,NH, +NH,NH, 55
I

3

J‘\H" shift

Oy O

:NHNH, A NHNH,

l_m

O,

Formarion of the azine

@w + @-c NNHzﬂn—*Q —n; N=C ©

rln azing

RO
R
0
§
2
q
2
3
=
2
3
q

Mechanism
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A simplified, well elaborated and illustrative approach to Organic Chemistry

+

@ @ b OO

= NNH. \i H* shift
l H+ |

An azine

< . - + .
o NH, NH, /HY <i:>y=NNﬂ2_+Ph0
B o _ Cyclohexanone hydrazone ’

-

Mechanism

B OO
NH, NH
£ —NH,NH, 2
,;_3,-:, ' \‘rﬂ*shiﬂ:
¥
5
= 8
= —_
Ly
L
/ N
=NNH
S/ N

Cyclohexanone hydrazone

Note Both hydrazones and azines are crystalline solids..

(iii) With phenylhydrazine, phenylhydrazones are formed.

?\. 1 fo{nfrl\}r\) HYPE

.
“NHN E@ ‘—'_@&E?HN: @
A
@

ol TR R i e -




A simplified, well elaborated and illustrative approach to Organic Chemistry

H
f I i
RCR' + @-NHNHZ———H—> RG=N- N-@ + H,0
Rl

H
' oy |
RCH + @—NHNHZ—Lﬁ R9=N—N‘© + H,0
: H
Examples
9 , H
H* P
CH;CH + @‘NHNHZ — > CH3(|I=NV—N‘© + Hy0
. H 5
g Ethanal phenylhydrazone ‘q% ,E
Mechanism =
+ H 5 3
oD b .
N L o 2
CHyLH - H CHy G H CH ¢ H 3 5
X HZNN—© 2 O
“—NH,NH wl :
|
H* shift g
§
_\.l\ .
-5
. . £+ - (.J“
CH]%H —HZO %H o éﬂ
<O <O S
3 . H E
—Ht E‘
<
. 3
|
g n- 1O :
H
9 — + A [;{
s ‘\“.--- Fe
(CH)C  + STNHNH T (e, = - =)

Prapanone phenyliydrazone

Mechanism

DevLystifving Ovganic Chesush Wy
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A simplified, well elaborated and illmtrative approach to Organic Chemistry
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(PH

(CH),c  H /% —> (CH3)§ -

(cH )
: zq\_ H N
INH,NH i)

\WH* shift

r+H2

l_H;

H

H

(iv) With Brady's reagent(2,4 - dinitrophenyﬁiydrazine)
This reagent is used to confirm the carbonyl functional group.
24— dlmtrophenylhydrazme is dissolved in methana| and then shaken wu:h a few drops
of concentrared sulphuric acid. Yellow precipitates are formed. These are

2, 4 — dinitrophenylhydrazones formed.

H
R@R + 0 N‘@‘NHNHZ—L’RQ N-— NNO; + H,0

“ND, R' 0,
2 ' i
RCH + om@wwﬁz——“-‘» R§=N—N©NOZ + H,0
W0, H  o,N o
Example
! 3
N +
(CHp,.C + OZNQNHNHI ———H-'—>(C_H3)2C=N— N@/_NDZ + H,0
NO, 0, ;

Propanpne -2, 4-dinitrophenylhydrazone

Mechanism

et g e e o mys e e e
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A simplified, well elaborated and illustrative approach to Organic Chemistry

T Y T e

+
H

oy
(CH3)2("i (CHE.:[z i
NHZNH©—N e
\H\H+ shift

—->H2

(CH3)-C

(Cﬂa)zﬁ ~H2 (CP%S-

HI}I_NHNOZ @
: 0N H NO,
| lﬁm

H

' |
(CHj)zcl‘. =N- N -@*NOE
H 0,N"

2

With semicarbazide, semicarbazones are formed.

o b
? | ‘ v
@_CCH] NH,NHCONH,/ H* | @_ C = N - NHCONH,

Mechanism

/\

7 e O
@CCHB A —“‘”—’©CCH3 *—-—*© CHy
—NH,NHCONH, +NH ,NHCONH,

™

|
O, - O

NHNHCONH, NH,NHCONH,

H* shift

|
-

s
@ C=N—-NHCONH.

Reduction reactions

Doy stifving Organce Chemtisty
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A simplified, well elaborated and illustrative approach to Organic Cb;emistry

Carbonyl compounds can be reduced to primary or secondary alcohols. A number of
reducing agents can be used. These include: ‘ |
.¢ Lithium tetrahydridoaluminate in presence of dry ether ((LiAlH4/dry ether)
e Lithium tetrahydridoborate in presence of dry ether (LiBH.; /dry ether)
e Sodium tetrahydridoborate in  water or methanol (NaBH«#/H:O or
NaBH4/CH50H) |
» Hydrogen in presence of nickel catalyst on lieating,

s+ Sodium and ethanol.

Aldehydes are reduced to primary alcohols and ketones are reduced to secondary |

alcohols. For example:

. ' LiAIH
()  CH,CHO e 5 CH4CH,OH
dry ether R
: . on
N LiAIH
(i) CH.COCH 4 > CH,CHCH
? 3 dry ether : b
(i) @ECH LiaH, e
* dryether CHCH,
. o BH4 N
- (iv)  CH3CHCHO —> (CH,),CHCH,0H
H,0 T L

CH,
v) @mzmo b @‘CH,CH OH
. T CoH,0H

wy (Y /N, g
|\) 150°C

N
(vii) CHyCHyCHO —2 ——» CH,CH,CH,0H
CH,CH,OH

Carbonyl compounds can also be reduced to co rrespondmg hydrocarbons when treated

with amalgamared zinc and concentrated hydrochloric acid. This called the clemmensen

reaction.
' Zn/Hg
CH,COCH = » CH,CH.CH;
3 3 conc. HC| e
Zn/Hg AN .
( ) CHO > —
O conc. HCl @// CHy

(d)  Oxidation reactions

K. T Tobsy & NN.HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

‘Aldehydes are oxidized to carboxylic acids by a number of different oxidizing agents.
Ketones are difficult to oxidize in solution. ‘

Most of these reactions are used to distinguish aldehydes and ketones.

(i)  Using acidified potassium dichromate(VI) solution
Aldehydes are oxidized to carboxylic acids using an acidified solution of potassium
dichromate(V1) solution. Orange solution turns green. .

chr207/H+

CH,CHO -
3 heat

> CH,COOH

Similarly, acidified potassium manganate(V1) solution may be used or nitric acid or the

vapour mixed with oxygen and passed over finely divided heated copper or platinum

catalyst.

KMAO, /H*
heat

CH5CHO - CH;COOH

0,/Cu or Ptcatalyst

CH,CHO > CH;COOH
“heat
CrO4/H*

CH,CHO S TLLMIER CH,COOH
heat

The géneral equation using acidified dichromare ion isy
IRCHO + Cr,02" (aq) + BH*(ag) ——> 3RCOOH(aq) + 2Cr* (aq) + 4H,0()

Under the same conditions, ketones are not so easily oxidized and more vigorous

conditions are required to break the strong carbon-carbon single bond.

(i)  Using ammoniacal silver nitrate solution
This is a solurion of silver nitrate i an excess solution of ammonia.

s Aldehydes reduce the silver ions to silver which is formed as a deposit on the

wall of the test tbe.
Observation: Silver mirror is formed.
» Ketones give no observable change.
The reaction with alipharic aldehydes is almost immediate but benzaldehyde requires
warming. Similarly, ammonia solution may be added to a solution of silver nitrate in
- dilure aqueous sodium hydroxide until the brown precipirate iﬁsz dissolves. This reagent

is Tollen’s reagent and gives a silver mirror with aldehydes roo.

Demvitifing Orgoane Chatsliy
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A simpli ﬁed, well elaborated and zllu.rtratwe appraach to Orgamc Chemistry

RCHO{) + 2Ag(NH;3);0H (aq) -———>RC00NH4(aq) + 2Ag(aq) + 41—!20(1) + 3NH; (aq)
Or
RCHO(I) + 2Ag(NHy)," (aq) + 20H(aq) ——> RCOOH(aq) + 2Ag(aq) + H,0(1) + 4NH;(aq)
Considering ethanal, '

CH5CHOQ) + 2Ag(NH3),0H (aq) —> CH3CO0NH, (aq) + 2Ag(aq) + 4H,0(1) + 3NH;(aq)
Or

CH,CHOQ) + 2Ag(NH,)," (aq) + 20H(aq) —> CH;CO0H(aq} + 2Ag(aq) + H,0(1) + 4NH}(aqg)

(iii) Using Fehling's solution

This is a solution.of copper(II) sulphate in a solution of sodium tartarate and excess

sodium hydroxide solution. The whole mixture makes a deep blue solution.

_:Aliphatic aldehydes form a reddish-brown precipitate on warming. This is because

the aliphatic aldehydes reduce the copper(Il} ions to an 1nsoluble copper(I) omde
which deposits as a reddlsh brown precipitate.

Equacion
RCHO(I) + 2Cu2*(ag) + 50H(aq) —> RCOO~(aq) + 2Cu,0(s) + 3H,0()

Con31der1ng ethanal:
© CH,GHO(D) + 2Cu** (aq) + 50H(aq) — > CH3C007(aq) + 2Cu;0(s) + 3H,0()

Ketones and.bcnzaldehyde do not react with Fehling’s solution henge give no observable

change.

(iv)  Using the iodoform test

lodoform test involves a solution of iodine in sodium hydroxide.

lodine solution followed by sodium hydroxide solution is added drop wise to the

carbonyl compound uneil the solurion is pale yellow. The mixture is then warmed and
allowed to stand '

Any methyl ketone and only one aldehyde (ethanal) form a ycllow precipitate.

This test is therefore positive only for carbonyl compounds with a methyl group

arrached to the carbonyl carbon. '

The iodoform reagent contains the iodare([) ion, which is a strong oxidizing agent.

The yellow precipitate formed is callr_d Triodomethane (CHI;). The general equation
for the reaction is: , f

CH,COR + 31, + 4NaOH —-—————> RCOONa + 3H;0 + CHi; + 3Nal

This reaction is used to distinguish ethanal and other aldehydes or methytketones and

other ketones.

K f jo{n Er :\J. HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Examples
CH;CHO(I) + 31,(aq) + 4NaOH(aq) ———> CHI3(s) + HCOONa(aq) + 3H,0(1) + 3Nal(aqg)

(CH;),COQ) + 3i,(aq) + 4NaQOH(aq) —> CHI4(s) + CH;COONa(aq) + 3H,0(1) + 3Nal(aq)
CHCOCH,CH4(D) + 3(aq) + 4NaOH(aqj —> (HIy{s) + CH;CH,C00Na(aq) + 3H;0() + 3Nal(aq)

(e)  Other reactions
(i) chlorination |
Aliphatic and simple aromatic carbonyl compounds react with phosphorus(V) chloride
to form germinal dichlorides. | | '
. cl
(CH3COCH  + PCls ———>CH,CCHy + POCl
Cl
| .
CHyCHO + PCly ————>CH,CH + POC
' Cl
CHO . gl_ H '
©/ + Py ——— @(l:l_ + POCl,
(ii) * Aldol condensation . ’
This reaction only occurs for aldehydes and ketones containing at least one hydrogen
atom on the carbon atom adjacent to the carbonyl group. The reaction is caralyzed by
a base. Methanal (HCHO) and benzaldehyde do not under go this reaction.
When 1 cold dilute solution of an alkali is used, an aldol is formed.
An aldol contains both an aldehyde group and an alcohol group.

2cH,cHo —UilNaOH CH,CHCH,CHO

o
3-Hydroxyburanal
dil. NaOH g
11, Nd
2CH,COCHy ——— CH;,.(%HCH;HCH;;

OH 0
4-Hydroxy-4-methylpentan-2-une

(iii) Cannizzaro reaction
Aldehydes which do not contain ar least one hydrogen atom on the carbon atom next

to the carbonyl group (e.g. methanal and benzaldehde) do not undergo condensation

[EACtions.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

They however undergo the cannizzaro reaction with concentrated alkali at room
temperature. One half of the quantity is oxidized and the other half is reduced to form

a salt of a carboxylic acid and an alcohol respecrively.

CH COONa* CH,OH
@ _conc. NaOH NaOH ©/ ©/

NaOH —— Na* + ©OH

Mechanism

Y
@c H____,’? g

\\ j— _ l

JauueIgweD) E
)
+

7.7  Distinguishing aldehydes and ketones : r
Both aldehydes and ketones form a yellow precipitate with Brady's reagent.

However the owo can be distinguished using Tollen's reagent and Fehling's solution

as shown below.

Rf:agcm Carbonyl compound Observation

T “mwﬂd?é{yde e. JY:T{ZCHO " Silver mirror formed on
the wall of the rest tube

g _fO{‘r}, & NN HYPER
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.Ammomcal sdver ‘ mtratc | Ketone, e. g, CH3COCH; ~ No observable change

:solunon ' or - Tollens

reagent |

Wl e [ Aldehyde,
Fehling'ssolution - =~

~ eg. Reddish brown precipitaic

'_'CH3CH2CHO |
| Benzaldehyde | No observable changc
Ketones, e.g., No observable change
i
A=
25
S E
Ethanal can be distinguished from other aldehydes and methylketones from other :?1, 3

ketones using the iodoform test.

‘Reagent- . | Examples of compounds distinguished observation
CH3CHO | Yellow precipitate
| Todine solution_and 0ther aldehydcsecr CH,CH,CHO No  observable

sodium hydromdc

change
solurion and warm

CH;COCH;  orCH;COCH,CH;  or| Yellow precipitate

S
S
R
Q
%)
g
L
&
-
S
1]
(]

C¢HsCOCH;
CH,CH,COCH,CH, or | No  observable
CeHsCOCH,CH;4 change

7.8 Uses of carbonyl compounds

»  Merhanal is used in manufacture of thermosetting plastics such as a 40% aqueous

solurtion called formalin, to preserve biological specimens

»  Ethanal is used in manufacture of ethanoic acid, DDT, dyes and buta-1.3- diene

which is in turn used in cubbers.

e propanone is used in manufacturing lalotorms, perspex and as a solvent foc

plastics, vanishes and greases.

Dewmyitifying Qrgance Chestesboy
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A simplified, well elaborated and illustrative approach to Organic Chemistry

. Benzaldehyde is used in scenting soaps, flavouring food (almonds}

manufacturing dyes and antibiotics.

7.9  Some synthetic problems.

(a)°  Write equarions to show how the following convérsions can be effected.
CH,CH,OH PaLEL

. : |
M ©/ to ]@CH3 H

CH,CH, OH conc.H,S0,  © CH=CH,

@ - 180°C

5

Q

H*/H,0
warm

| i’ OH
g

|
» £r,0,% (ag)/H*(ag)
@ ) 7 heat ©/

CHCH,

(ii)‘ Echanoyl chloride to ethanol

CH,COCl » CH,CH,0H

K. jfoby&w HYPER
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A simplified, well elaborated and illustrative approach to Organié Chemistry

Hz/pnisoneﬁ Pd, BaS0, cat
CH;COCl >  CH3CHO

heat
LIAIH,
dry ether

CH,CH,OH

(i) Propene to 2-hydroxy-2-methylpropanoic acid.

H;
CH,CH = CH, to _ CH3$ COOH
OH
. :
: o S o
CH;CH = CH, ——MHCH:;CCHz m =
~ heat & c
KCN/dil. H,50, % B
20°C N 4
3 E
w3
(OOH conc. HC CN o >
CHy( CHy  <————— CH,( CH, "
OH reflux, 50°C “OH s
- ' CH,CH, Br 1. CHO §
N
) ©/ | fo . 2
CH,CH, - - &
Br CH,CH,0H CH,COOH Q
|:\/( __NaOH(ag) | @ Cr, 0,2 /H* '6/ 2 %
——
heat heat N N
; ' LL'
\\:\f{n/dryether _ i sodalime E
!
CH,CH,MgBr f heat S
= o™
Nl
\ H,0/dil. Hel o
Y CHyCH /I
o CHCHy o Cr0,Cl,
(@) v
N
\ Mn0, " (aqy) . ;CHO

heat\\ JH"(3q) i
s /aq\((:OOH @

ry ether, CH,OH /

@ heat

Devystifng 2 rianic Chendstry




]
& .
=
Ln
[
&
=
=
o
=

A simplified, well elaborated and illustrative approach to Organic Chemistry

(b)  Describe how the following conversions can be effected. | (NO equations
required) -
(i)  Propanone from ethanol

Ethanol is dehydrated by heating it with excess concentrated sulphuric acid ac 180°C

to form ethene. Ethene is reacred with chlorine in the presence carbontetrachloride to

form 1, 2-dichloroethane which is then reacted with excess alcoholic potassium

hydroxide solution on heating to form ethyne. Ethyne is reacted with sodium in liquid -

ammonia to form sodium acetylide. Sodium acetylide is reacted with bromomethane to

yield propyne which is then reacted with dilute sulphuricacid in presence of mercury(Il)

+ sulphate at 60°C to form propanone.

Gii) Methylbenzene to 1-phenylethanol

Methylbenzene is heated with acidified potassium manganate(V1I) solution to form

benzoic acid which is then heated with sodalime to form benzene. Benzene is reacted

with ethanoyl chloride in presence of anhydrous aluminium chloride, the mixwure being

refluxed on a water bath ac 30°c o form phenylethanone which is reduced by lithium

tetrahydridoaluminate in presence ofdry ether to form 1-phenylethanol.

7.10 End of topic gs_sessmenlt; :ie‘xért:'i's'e‘
. Complete the following equations and wrice the IUPAC name of the main

organic product in each case.

()  (CHCO0),Pb heat

4

Y

(b}  CH,COCH, PCls

(c) <:j>—0H KyCry0s/H” -

heat
| conc, HCI
(d) CHO : >
Zn/Hg
conc. HCI
(e) CH,CH,COCH; >
In/Hg
. alt
() CH,C=CH + H,o — s (aa)
H,50,.60°C
dil. NaOH

Y

(8} 2(CH,).CO

K. J. Joby & NN HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

[\

(h) HC=CH + H0 - He(aq)/H*(aq),
warln

(@  (CH,C00),Ba heat

>
Cal

@  CHcocH, - NaBHs/CHsOH

LiAlH,
dryether

@)  CHyCH,cHO —AB(NHa) ',

(m) @CHO :

(K) CgHsCHO

Y

.
. U
Q, =
= L
(n) - (CH,CH,C00),Ca heat A3 £
o : 2 @
(@  cHyomo 0 A0 2 3
()  CH,COCH, dlI.NaOH(aq)> E g
_ 5 8
() CH,Mgl :
(@) CHyCH,COCH, > ME
_ (ii) H*/H,0

+.Complete. the following equartions and in each case write a mechanism for the

reacrion.

£
§
]
O
5
NH,NH, S
(a) CH,CHO - > 5
i S
() CHyCH,CHO -KCN/AiLHaSO: %
10 - 20°C
3
Na, S0
()  CH;COCH, Ll o
H A
C S
AlC|
d i} 23]
(d) O> + CH,COCI R
NaHS0
(e) CH,COCH, : ,
H,NOH/H*
(0 - CcH,coCH, — / >
HCN/OH
(g) CH4COCH, __HCNoR

Desnystifying Organce Chentadiny




A simplified, well elaborated and illustrative approach to Organic Chemistry

®) @C\Q : NHZNHCONHZ/H“:
, 0 ©—CHO conc. NaOH (aq)

0
, NaHSO
H+
(k) CH;CHO + @NHNHZ

Y

H+
0] CH,CH,CHO 4+ NaHSO3 >
() (CH,),C = 0 NHZNHCONHZ/H*}
CH,;CH .
TN @ ST ——
tyc” _ | |
3. State what is observed and write equation for the reaction for the reaction in each: ™
when the following compounds are mixed. )
(2)  Propanone and Brady's reagent.
_ ¢ by - Ethana and a saturated solution of sodium bisulphice.
B (€ 2.4 dml[rophenylhydrazme and ethanal in acidic medium.
o (d) To 2- methylpropanal is added Lcm’ silver nitrate solution, 3 drops of
g sodium hydcoxide solution and then excess ammonia solution
o (e)  Fehling's solution and ethanal on warming.
2 6y Propanal and silver nitrate in aqueous ammonia on warming.
[jg 4. Describe how the Follbwing conversion can be effected.(No equations are
required) _
(a)  2-chloropropane to propanonchvdrazine
(b} Erthanol to methanol
(c)  Propyne to propanone.
(d)  Propene to propanalphenylhydrazine.
(e} Cyclohexanone from cyclohexene
(0 Ethanoic acid to propanone.
(g)  Ethene o Hydroxyethanoic acid.
(h)  Benzaldehvde phenvlhvazone from benzene .
(1) Propanal to pmpync.

i "ﬁ"% K. [ Jobyé& NN HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

(j)  But-2-ene to Propyne.

(k) Ethyne to CH;CH=CHCHO

(I)Ethync to benzaldehyde.

An organic compound has a molecular formular C>H4Cla

(2)  Write the seructural formulae and names of all possible isomers of the
cofnpound.

" (b) Each of the isomers in (2) above when separately refluxed with
concentrated sodium hydroxide solution gives a different product. The
product from one isomer forms a yellow precipitate with
2,4-- dmltrophenylhydrazme and one from the other isomer gives no
observable change.

(i)  State which isomer gives a product that forms a yellow precipitate
with Brady’s reagent.

(i)  Write equations for the reactions that occur berween each isomer
and concentrated sodium hydroxide solurion.

A-compound Q, has an empirical formula CszO Oxygen diffuses 1.345 times

-~ faster than Q. ok

(@) (0 Determine the molecular formula of Q. ’

(i)  Write the structurdl formilae of all possible isomers of Q.
(b) () Q does not react with Fehling'§ solution. Using equarions, show

; how Q can be formed from propene
(i)  Write an equartion for the reaction berween Q and sodium

hydrogen sulphite and the mechanism.

Compound Y, C;HgO reacts with 2,4- dinitrophenylhydrazine to form a vellow

solid.

(2)  Write che scructural formulae and IUPAC names of all isomers of Y.

(b)  When Y is heated with Fehling's solution, a red precipitate is tormed.
[dentity Y.

(c) Write a mechanism for che reaction that would ke place berween Y and
hydroxylamine.

(d)  Write cquations to show how Y can be converred to an alkene.

()  An aqueous solution containing 7.2g of non-cyclic substance Z in 130g

| of water freezes at —0.744°C. Calculare che molecular mas of Z.

(The freezing point constant, Kf for warer is 1.86"Cmo]"Kg");

(b)  [fZ contains carbon, 66.7% hydrogen 11.1% and the rest being oxvgen.

Deavitifying Organie Chesnosiry
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8.
B 9.
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(i)  Calculate the Simplcsf formula of Z.

(i)  Determine the molecular formula of Z 7

7 reacts with phenylhydrazine to form an addition product and yellow
precipitate with iodine solution in presence of sodium hydroxide Name
Z.

An organic compound F contains 66.4% carbon, 5.53% hydrogen and
the rest being chlorine. Determine the empirical formular of F.

When 0.35g of F was vapdurisé_d, it occupied 75.43cm? ar 103°C and
860mmHg,-Determine the molecular formular of F.

F burns with a sooty flame. Write the structural formulae and names of
all the possible i isomers of E.

F reacts with porassmm hydroxide solution on heating to form another
compound G. G reacts with acidified chromlum(VI)oxide on heating to
form compound H. H forms a yellow precipitate with silver nitrate

solution in excess ammonia.

-Identify F, G and H.

- Write equation and indicare mechanism for the reaction between:

(i)  Fand phenol in presence of sodium hydroxide solution.”

(i) ~"H and Brady's reagent. |

Write equations to show how F can be synthesmed from benzene.

A compound H conrains 22.86% oxygen, 8.57% hydrogen and the rest
being carbon. |

(i) Calculate the empirical formula of H.

(i) When 0.30g of H is vapourised at 80°C and 134.77cm’.

Determine the molecular formula of H.
H forms a vellow precipitate with 2, 4-dinitrohenylhydrazine and does
not react with Tollen's reagent. {dentify H. |
Wite equation for the formarion of the yellow precipitate in b).
An organic compound J has a molecular formula CsHeBra. Write down
the scructural formulae and [IUPAC names of all isomers of J.
When ] was heated with sodium meral in ethanol a compound K was
formed. K reacts with warer in presence of sulphuric acid and Mmercurous
sulphare ac 60°C to form a compound L. L does not react with Fehling's
solution but forms a yellow precipitate with 2,4-dinitcrophenylhydrazine.
Name compounds J, Kand L. |

L A T




A simplified, well elaborated and illustrative approach to Organic Chemisiry

11.

12.

(o)

(2)

(b)

(c)

(d)

Write the equation and suggest the mechanism for the reaction between:

() ] and sodium meral in ethanol.

(ii) L and 2, 4-dinitrophenylhydrazine.

Write the structural formulae and names of all possible isomers of organic
compound with the molecufar formula, C;H:O.

One of the isomers in {(a) above, M, reacts with acidified potassium

clichromate to form a compound N. N reacted with phosphorous

pentachloride to form compound P. P forms a compound Q when
hydrolysed with aqueos sodium hydroxide on heating. Q forms a yellow

precipitate with iodine solution and sodium hydroxide solution. Identify

M, N, P and Q.

Write equation and indicate mechanism for the reaction berween and

concentrated sulphuric acid.

Describe a simple chemical test to distinguish between propane and

propanal.

Compound R can be synthesized by the reaction berween S and T as

shown below.
CHyCHcHO 2L ¢ -

CH,CH,COCH(CHy),

CHCOCH, SE2L,
() Identify compounds S and T
(i)  Name the rype of reaction that occurs in steps [ and 1l
Identify the reagents and state the conditions necessary for the reaction
() Step [ (i1) Step I

Write the mechanism tor che reaction that occurs in step I

An organic compound V has a molecular formular CsHi2O. V reacts with

sodium meral to form hydrogen gas and undergoes other reactions as shown by

the scheme below.

conc. H,50,

v > X

1 ' heat _

r L. Dy/€Cl,/< 20°C
| K,Cry0q/H* : MRS

| heat . 2. Zn/H,0/CH,COOH
¥ Y

w ‘ CH,CH,CHO + CH,CHO

W reacrs with phenyvihydrazine and gives a positive test wich iodoform.

IR =4 , - U Y1 oy
Pevyitifveng Orgaic Chaomostin
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(a)
(b)

Identify V, Wand X.

Describe the test that can distinguish the products from ozonolysis of X.

14. - A compound Z, whose molecular mass is 142, contains 16.9% oxygen, and the

rest being hydrogen.

(a)

(b)

S0
&
=
L
0
&
=
=
o
=

(i)  Determine the empirical formula of Z,

(i)  Workout the molecular formular of Z.

On heating Z decomposes to form a white residue, X and a gas Y that
reacts with Brady's reagent in acidic medium to form a yellow precipitate.
(i) Deduce the chemical formula of Z.

(ii) Idendfy X and Y.

Write equations for the reaction that:

(i)  rakes place when Z is heated. -

(i) leads to formarion of the yellow precipirare.

(i)  State what will be observed when dilute sulphuric acid is added 1o

X. . . .
(i)  Write equation for the reaction,bérween dilute sulphuric acid and -
Write: - _
(i) the mechanism for the reaction in (c) (iii)

(it) “é'c[iiation(s) for conversion of Y in ethene.

A compound Q conrains 63.7% lead, 14.8% carbon, 1.8% hydrogen and
the rest being oxygen. When vapourised 0.225g of Q occupies 15.5cm’
at standard temperature and pfessure.

(1) Calculate the empirical formula of Q.

(i)  Deduce the molecular formula of Q.

Compound Q decomposed on heating to form a yellow residue on
cooling and a colourless vapour that turned lime warer milky and formed
a yellow precipicate with Bradys's reagenc in presence of sulphuric acid.
()  Write the name and formula of Q.

(i) Write equation leading to formarion of the yellow precipirate,

16. ~ Compound Q conrains G2.1% carbon, 10.3% hydrogen and the rest being

oxygen.

(@)
(b)

S K. J. Joby& NN, HYPER

Calculate the empirical tormula of Q.
Q distills in steam ac 98°C and 1.01 X 10°Nm ™2, [f the vapour pressure
of water at 98°C 9.5 X 10*Nm ™2,




A simplified, well elaborated and illustrative approach to Organic Chemistry

17.

18.

(e

(b)

(c)

(i)  Calculate the molecular mass of Q if the distillate contained
16.67% by mass of Q.

(i)  Determine the molecular formula of Q.

Q formed a grey precipitate when treated with ammoniacal silver nitrate.

Write equation and outline a mechanism for the reaction between Q and

sodium hydrogen sulphite.
An organic compound Z contains by mass 51.90% carbon, 4.86%

hydrogen and the rest being bromine. Determine the empirical formula

of Z. .

When 0.8g of Z was vapourised at 80°C and a pressure of 700mmHg; it

occupied a'volume of 136cm?®. Deduce the molecular formula of Z.

When Z was heated with excess sodium hydroxide solution, it formed a

compound Y. On heating Y with, acidified manganese([V) oxide, a

substance W was formed. W formed a yellow precipitate with

2,4 — dinitrophenylhydrazine in presence of dilute sulphuric acid but gave

no observable change with aqueoqﬁ ammonia in presence of silver nitrate

solution.

() - Write che equations leading to formation of substances Y and W
and the yellow préci.pitacc indicating all reagents and conditions.

(i) Write equations for the reacrion berween substance W and
semicarbazine in presence of dilute sulphuric acid. Outline the
mechanism for the reaction.

(ili) ~ Write equarion(s) to show how compound Y can be synthesized

from benzene. [ndicate the necessary conditions and reagents.

0.3g of an organic compound Y, on complete combustion, gave 0.88g of

carbondioxide gas and 0.18g of water. 0.33g of Y in 22¢g of ethanoic acid lower

freezing point by 0.78K. (K for ethanoic acid is 3.89Kmol ")

(a)

(b)

() Calculate the empirical formula of Y.

(i)  Determine the molecular mass of Y and write the possible
scructural formula of Y.

Y burns with a yellow sooty flame, gives a yellow precipitate with 2,-

dinicrophenvlhydrazine but does not form silvery deposits with

ammoniacal silver nicrare solucion.

(i) [dentity Y.

Devtyilifvoneg Drgande Chaenctry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(iiy  Write an ﬁquﬁtion‘ and suggest a possible méchanism for the
reaction between Y and 2,4-dinitrophenylhydrazine in acidic
media

()  Write equartions indicating conditions to show how you would obtain

phenylethyne from Y.

19. (a)  An organic compound, Q, contains 54.55% carbon 9.09% hydrogen
and the rest being oxygen. The density of Q at 50°C and 2.0 atm pressure
is 3.3185gdm?. Calculate the: |
(i)  Empirical formular of Q.

(ii)  Molecular formular of Q.

b O Q Forms a yellow precipitate with a so[utlon of
) 4—d1n1tr0pheny[hrazme in ethanol and concentrated sulphurlc
acid . Identify Q and state ics [UPAC name. .

(i)  State what would be robserved when Q is added to ammoniacal
silver nitrate solurion and the mixture warmed A

(iti) Write an equacion for the reaction thar occurs in b(ii) above. -

(c) . Suggesta suitable mechanism for the reaction between Q and. acidified
hydroxylamine, H.NOH.

20 . When 7.5g of an organic compound Q was burnt completely in excess oxygen,

11.2dm’ of carbon dioxide and 4.5g of water were formed ats.t.p.
@ (1) Calculate the empirical formula of Q.

(i)  Determine the molecular formula of Q (Density of Q is

5.357gdm™ ar s.c.p). |
(b)  Q burns with a sooty Hame and forms a yellow precipitate with Brady's
reagent and also forms a pale yellow precipitate with iodine solution in

sodium hydroxide solution. [dentify Q.

()  \Write equation and suggesf a mechanism for reaccion between QQ and:

(i) 2, 4-dinicrophenylhydrazine in acidic medium. |

(i) Sodium hvdrogensulphite solucion.

(d)  Using equations only, show how Q:
() can be synchesized from benzaldehyde.

(i)  can be converted to alkene.




A simplified, well elaborated and illusrative approach to Organic Chemisiry

21.

22.

t~d
s

An organic compound, A has the structure

(a)
(b)

(c)

(b)

(c)

@—CH = CHO

Name the functional groups presentin A

Write equation for the reaction between A and:

(i) " bromine in tetrachloromethane.

(i)  Saturated sodium hydrogensulphite solution.
State what would be observed in (b) (i) above.

Propanone and propanal undergo nucleophilic addition reactions.

(i)  Whar is meant by a nucleophilic addirion reaction?

(i)  Explain why carbonyl compounds undergo nucleophilic addition
reactions. '

Name: |

@ the funcrional group in propanone and propanal.

(i)  a reagent that can be used to identify the funcrional group .in
propanone and propanal. State what would be observed and write
equation for the reaction that rakes place.

(iii)  a reagent that can be used to. distinguish berween propanone and
propanal. Srate whar is observed and write equation for the reaction.

* Propanal was.added to saturared solution of sodium hydrogen sulphire.

(i) State whar was observed. _
(i)  Outline an acceprable mechanism for the.reaction.

Propanone was warmed with a mixture of iodine and sodium hydroxide
solution. '

(1) Stare what was observed
(i)  Write equation for the reacrtion.
Write equation to show how each of the following compounds cin be
synthesized. [n each case, indicate a mechanism for reaction.
COCH,

(i) ©/ from benzene.

(i) CH,C=N-0H from propanone.

Name the reagent(s) that can be used to differentiate berween the
compounds in each of the following pairs. {n each case, Srate whart would be

observed and write the equation(s) for the reaction if any when each member

- of the pairs is treated with the reagent(s) used.

(i) Phenol and cyclohexanol.
()  Ethanol and phenylmethanol.

Using equations while stating conditions tor ah step. clearly show how - 2-

bromopropane can be converted tw phenol.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

/ hapterS

Carboxylic acids and
derivatives

8.1 Introduction

//D

Carboxylic acids are organic compounds wich the cmbowl functional group, —C_ OH
The carboxyl group is so called because it contains both a carbonyl and 2 hydroxyl
group. The carboxyl group can also be written as ~COOH or —CO,H . Carboxylic

acids-derived from alkanes are sometimes called albanoic acids:

'The saturated - aliphatic monocarboxyhc ac1ds have rhe Deneral molecular formula

C HZHHCOGH or RCOOH, R being an alkyl group. Aromanc carbexyhc acids have the

carboxyl group artached directly to an aryl group.

S KT Jobs & NN, HYPER

8.2 Nomenclature

The [UPAC nomenclature of monocarboxylic acids considers dropping the ending -¢’
of the corresponding alkane and replacing it with the suffix “-oic’ acid. [n case of
substituents. the carbon atom in the - COOH group is always considered as carbon
number | and the substituents given locants. |

Aromatic carboxylic acids are named by adding the suffix —ca:boxyllc acid’ to the name

of the parent aromatic hydrocarbon. Alternatively, the suffix -oic acid’ can be used.

L _;ﬁ'
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Examples
FORMULA IUPAC NAME
HCOOH o 1. Methanoic acid
" CH,CO0H © Erhanoic acid
fCHg CH,CO0H o -~ Propanoic acid
'CH,;CH,CH,CO0H Butanoic acid
- {(CH;3),CHCOOH 2-Methylpropanoic acid
(CHy),CHCH,COOH 3-Methylbutanoic acid .
. , ‘ ) c
CH,CICOOH Chloroethanoic acid ' %
CHBr,COOH ! 2,2-Dibromoethanoic acid : g
' L)
CCl,CO0H

CH;CH = CHCOOH

CH3(IZHCOOH
Br

t%l
CH,CCOOH

%
CH,

CH3(IIHCOOH
OH

@'CHZCOOH

@CHZCHZCOOH
. : ,COOH

2,2,2-Trichloroethanaic acid

@ |

Bur-2-enoicacid

2-Bromopropanoic acid

2-Chloro-2-methylpropanoic acid

DEMYSTIFYING Organic Chemistry: K. Jobs & N.N. Hyper

2-Hydroxypropanoic acid

2-Phenylethanoic acid

3-Phenylpropanoic acid

Benzenecarboxylic acid or Benzoic acid

Dewtystifving Mo Chemdstry
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necatboxylicacid -
Benzene-1 ,4—dicarb6}§5rlic acid
S AL,CO0H L 2-Hydroxybenzoicacid or

| ' | 2-Hydroxybenzenecarboxylic acid

loloH ‘ - *"Ethanedioic acid o

COOH o o
HOOCCH,CH,COOH ... | . Butanedioic acid
HOOC(CH,),CO0H Hexane-1,6-dioicacid . =~ - | . IR

8.3  Physical properties - ;
(a) P‘hysical state B | 1

All the simple aliphatic carboxylic acids with 1 — 10 carbon atoms are liquids ar room
temperature. Anhydrous erhanoic acid freezes below 17°C to form an ice-like solid

called glacial ethanoic acid.

JauueIgweD) E

Aromatic carboxylic acids, for example, benzoic acid, 4-Methylbenzoic acid are
crystalline solids. |

(b}  Solubility | |

Low molecular weight aliphatic carboxylic acids (1-4 carbon aroms) are appreciably
soluble in warer. However, solubility decreases as the length of the carbon chain
increases. The solubility in water is due to formation of intermolecular hydrogen
bonds berween the carboxylic acid and water molecules.

‘Benzoic acid is only slightly soluble in cold water bur readily dissolves in hot waer.

All carboxylic acids are soluble in organic solvents.

K. J. Jobs & NN, HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

Note

* The highly polar carboxylic acid molecules exist as dimers in liquid phase, vapour phase

-and also in solution with organic solvents like benzene and carbon tetrachloride as

illustrated for ethanoic acid below.

intermolecular hydrogen bonding

0-H PO 0
/ N
HyC—C Ne— CH,
S
Qoo H = 0

Similarly, the molecular mass of methanoic acid or ethanoic acid obtained by elevation -

of boiling point method is usually twice the actual value, using benzene as the solvent.

Question

Explain why the molecular mass of ethanoic acid obtained by ebullioscopic method 120g
using benzene as the solvent.

Actual molecularmass of CH;CO0H = 12X 2+ 1 x4+ 16 X2 = 60g

" Therefore, the molecular mass of ethanoic acid obrained by boiling point elevarion |

method istwice the actual value. This is because, in benzene, ethanoic acid molecules

- associate through intermolecular hydrogen bonding to form dimers. This reduces

the actual number of particles in solution and subsequently lowers the boiling

‘point elevation to half the actual value. As a result, the molecular mass calculated

becomes twice the actual value.

However, in aqueous solution, the dimers dissociace to form monomers in order to form

hydrogen bonds with water molecules.
[lustracion

intermolecular hydrogen bond
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;! simplified, well elaborated and illustrative approach to Organic Chemistry
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(c) Boiling points and melting points

Boiling points of carboxylic acids increase with increase in relative molecular mass.
Aromatic carboxylic acids have higher melting points than aliphatic ones of the same
relative molecular mass.

Aliphatic monocarboxylic acids have higher boiling points than corresponding

alcohols and carbonyl compounds.

Example

Ethanoic acid boils at 118°C whereas ethanol and ethanal boil at 78°C and 21°C
respectively. Explain. -

Both ethanoic acid--and ethanol molecules associate through mtcrmolecular

hydrogen bonds. However, ethanoic acid forms two hydrogen bonds per molecule,

. forming dimers whereas ethanol forms only one hydrogen bond per molecule. Asa

result, more energy is required to break the hydrogen bonds in ethanoic acid than’
in ethanol. |

Ethanal cannot fonm.i'n'termolecular hydrogen bonds between its molecules. Its

- -tiiglecules therefore inreract through weak Van der Waal's forces of attraction that

require a lower amount of energy to break.

0 K. T Joby & NN HYPER

Note _ |
Lower aliphatic carboxylic acids have sharp, pungenc, penetrating odours.

8.4 [somcrism .

Monocarboxylic acids can show chain isomerism, position isomerism and also exhibic
functional group isomerism with esters and hydroxy- carbonyl compounds. Carboxylic
acids can however be distinguished from isomeric esters and hydroxy- -carbonyl
compounds by chemical reactions in which the carboxyl group is involved. These will

be seen later in this chaprer.




A simplified, well elaborated and illustrative approach to Organic Chemistry

The table below shows all isomers of the-compound with molecular formula C4Hg0,.

Structure of isomer : Name
©.CH3CH,CH;COOH - -+ 1w Butanoicdcd
- o - 2-mcthylpropanof(: acid
CH3c:CH3
COOH
CH3CH2COOCH3 | - Methyl propanoate
CHsCOOCH,CHy - = Ethyl ethanoate
| 'CH3$HCH2CH0 | - 3-Hydroxybutanal
CH3CH2$HCHO : ‘ 2-Hydroxybutanal
OH
HOCH,CH,CH,CHO - 4-Hydroxybutanal
| 4_—hydroxybtitanone
CQ3ECH2CH20H ,
_ ‘ {} . - 1-hydroxybutanone
CHBCHzgcm_OH |

J. Jobs & N.N. Hyper

8.5 Laboratory preparation of carboxylic acids

(a)  From the reaction between alkenes and acidified potassium manganate(VII)
solution.

A carboxylic acid or a mixture of carboxylic acids is formed.

Examples
KMn0,(aq)/H* (aq) .
CH,CH = CHCHS; ;eat —~ CH,COOH
KMnO,(ag)/H*(aq) . _
CHyCH = CH, ot G CH,CO0H + HCOOH
heat
ST KMn0,(aq)/H (aq)
4 +(a0)/H7(a0) HOOC(CH,),COOH
e heat
Note

This reaction is not recommended for use in synthesis if a mixture of acids is formed.

Devwvibifying Girganic Chemdstiry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

O " KaCra 0/ ) AN
5 : heat

" oxide or acidified mancranese(m OKIdC Eor example

(b)  From primary alcohols
Primary alcohols are oxidized by excess acidified potassium dichromate(VI) solution to
carboxylic acids. Acidified potassium manganate(VII) solution can similarly be used.

Examples

CH,0H COOH
/

KMnO,(aq)/H*(aq)
CH3CHCH,OH é;at 1 > CH3CHCOOH

CH,4 ' éH3

Note

" Check the [OplC on alcohols for derails about general balanced equations and

observations.’

(¢)  From aldehydes

Carboxyhc acids can be formed by oxidation of aldehydes using acidified potassium

"dlchmmate(\fl solution, potassxum mamcranate(V[I solut1on acidified chrommm(VI

. .COOH

LCHO .
AN K,Cr,0,/H* )
\Q:§? ' heat N
KMnO,/H™
HOCH,CH,CH,0H HOOCCH,COOH
heat -
CrOy/H*
CH;CHO CH,COOH
heat
_ CH,CHO | ... . CH,COOH
TN MnO,/H* AR
heat e

: ijoby&NN H}PEh




A simplified, well elaborated and illustrative approach to Organic Chemistry

(d)  Hydrolysis of nitriles

Nitriles are completely hydrolysed to carboxylic acids when boiled under reflux with an
aqueous mineral acid.

H*/H,0 :
CH, CHZCN heat/roflux >CH;CH,CO0H
CH CN ,CH,COOH
O H*/H,0 X @
reflux ‘
/\ H*/H,0 A /008
Q heat = ) \%

Note

Hydroxycarboxylic. acids can be formed from cyanohydrins. Check cyanohydrm
formacion under the chapter on carbonyl compounds.

()  From carbonation of Grignard reagents

Alipharic carboxylic acids can be Formed by bubblmg carbon dioxide gasinto a ernard '

reagent followed by hydro[ysxs usmg a dilute acid.
For example )

General reaction:.

co H0/H*
RvigBr — 28 o eoomenr — 22 peoon
dry ether .
Or
1. CO,(g) /dryether
RMgBr -
2. H,0/H* RCOOH
R can be primary, secondary or [ertlary alkyl group.
For example
CHCH,Br —— o CHyCH,MgBr —— 2 B)s . CH,COOH
dry ether 2. H O/H
Mg L o
(CHAC =0 8 epy empar -5 P28l oy cooon

dryether 2 7O/H‘“

Note

For preparation of benzoic acid, solid carbon dioxide (dry ice) is used. [t aids in cooling

the reacrion mixture.

Desrvitifving Orgonce Chamdsliy
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A simplified, well elaborated and illustrative approach to Organic Chemisiry

COOMgBr /COOH

MgBr
CO0) H,0/dil. HCI
dry ether >

()  From acid amides
Amides are hydrolysed, on heating with a dilute mineral acid, to carboxylic acids. When

an aqueous alkali is used, ammonia is evolved together with the carboxylate ions. When

nitrous acid is used, nitrogen is evolved together with the carboxylic acid.

Generally,
, RCOOH + NH}
RCONH, Nﬁgafé(a@h RCOONa*—HEL | ool + NH,
"“NaNoz
dil. HCI RCOOH + N, + H,0
Examples

CH3CONH, -thatH+ - CH,COOH

CH3CHZCONH2-~-:.[5‘.—5‘hO.ﬂE°‘-—‘.U—— CH, CH,COONa* —Q—H—CI—»CHJCH COOH: °
ea _ .
R CO0H
a TNaNO, A
N4 dil. HC! N

(g)  From hydrolysis of esters
The esters can be boiled under reflux with concentrated aqueous sodium hydroxide

solution to form a carboxylate salt and an alcohol. The carboxylate salt is then aciditied

to the carboxylic acid. Acid hydrolysis is also possible.

Examples ,
CH,COOCH,CH, ﬂ%ft-m* CH,COONa* + .CH]CHZOVH
dil. HCl
CH,COOH
o COOCH.CH, ' X ,COOH
) H.O/H" AE

fEﬂUK . + CHJCHEDH

o

K. J. Jobs & N.N. HYPER




A simplified, well elaborated and illustrative approach to Organic Chemistry

Note

For mechanisms, check under the chapter on esters.

(h)  Synthesis of benzoic acid ‘ |
Benzoic acid can be synthesized by _thc methods in (b), (c), (d), (e) and (f} above.

. However, mote specific ones are shown below:

(1) From alkylbenzene

MnOj /H?
heat
R COOH 8,

'©/ MoOz/OH /\\f/ | T 5
\/ heat 1‘\\% E %
o b @A
. 1. MnO;/OH . 3 E
S M
2. HY :U

Where R is any alkyl gfoup other than —~ C(CHj)5.

(2)  From .chl'orolmethylbenzene

/CH,Cl o . COOH

i/\/ Y KMnO,/0H(aq) XV

. A 2. diLH* N
(3)  From dichloromethylbenzene
- CHa /CHO COOH
/ B

AT W0 AT Ma0pHY AN
o e X heat N

8
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8.6 Chemical properties
8.6.1 Acidic behaviour

Carboxylic acids are weak acids. They are only partially ionized in aqueous solurion.
RCOOH(ag) + H,0(l) ======- RCO0~(aq) + H;0%(aq)
They are much weaker than common mineral acids buc scronger acids than alcohols.
Like the common mineral acids, carboxylic acids:
» turn blue litmus paper red.
s ceact with alkalis to from a salt and water.

s liberate carbon dioxide trom carbonates and hvdrogen carbonates.

Dewwvitifving Organes Chesostry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

| K. J. Jobs & NN HYPER

o react with highly electropositive metals to form lhydrogcn gas.

Every carboxylic acid has its own Ka (acid dissociation constant) value which indicates
its acid strength. The larger the Ka value, the greater the degree of ionization and
the stronger an acid it is.

The nature of the groups attached to the carboxyl group has a great effect on the acid
strength due to inductive effect. Electron-withdrawing groups such as —F, —Cl, —Br
and —I have negative inductive effect. They make carboxylic acids stronger by
making the oxygen-hydrogen bond more polar and weaker hence release of
hydrogen ions in solution becomes easier. Electron donating groups such as alkyl
groups have a positivc-.:finduétive effect. They make carboxylic acids weaker by |
making the oxygen-hydrogen bond less polar and stronger hence release of hydrogen

ions in solution becomes harder and few are relcased in aqueous solution.

Examples
[. . The table below shows acid dissociation constants, Ka. for some acids at a particular
temperature, ' o o
- Acid HCOOH CH,CO0H CH;CH,COOH
Ka(moldr?) | L77x107* | 170x10° | 130x10°

State and explain the trend in strength of the acids.
Acid strength decreases in the order HCOOH > CH3;COOH > CH3;CH,COOH.

The strengeh of an acid depends on how easily it dissociates to release protons in
aqueous solution. The higher the Ka, the greater is the degree of dissociation of the
acid and the higher is its strength.

HCOOH is the strongest of the acids because the hydrogen atom arrached to the
carboxyl group has no inductive effect hence the oxygen-hydrogen bond in it is the
weakest, easily breaks to release many hydrogen ions in aqﬁeous solution. |
CH;COOH and CH3CH,COOH have electron donating alkyl groups (methyl-group
and ethyl group respectively) atrached to the carboxyl group, decreasing the polarity
of the oxygen-hydrogen bond. making it stronger. Therefore, fewer hydrogen ions
are released in aqueous solution. However, ethyl group hus 4 higher positive inducth_;e
effect than mechyl, therefore fewer hydrogen ions are released by CH;CH,COOH in
solution than CH;COOH. Hence, CH;COOH is stronger acid than CH;CH,; COOH.




A simplified, well elaborated and illustrative approach to Organic Chemistry

2. The table below shows acid dissociation constants, Ka, for some acids at a particular
temperature. -

Acid CH3COOH | CH,CICOOH | CHCI,CO0H | CCl;COOH

Ka(moldm?) | 1.70 x 1075 | 1.40x 107® | 5.10x 107 | 2.20 x 10™?

State and explain the trend in strength of the acids.

- Acid strength increases in the order CH;COOH < CH,CICOOH < CHCl,COOH <
CCl;COO0H.

The strength of an acid depends on how easily it releases protons in aqueous
solution. ' |

| CH3COOH is the weakest acid because the methyl group artached to the carboxyl group
has positive inductive effect hence the oxygen — hydrogen bond in it has the lowest
polarity making it the strongest and does not easily release protons.

The chlorine atom is more electronegative than the carbon atom. The increase in
number of chlorine atoms from chloroethanoic acid through dichloroethanoic acid o
 trichloroethanoic acid increases the negative inductive effect and polarity of the
oxygen-hydrogen bond in thc--samej;order. The oxygen-hydrogen bonds become

increasingly weaker and easier to break in order to release hydrogen ions in aqueous
solurtion. J
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8.6.2 Reactions of carboxylic acids

A carboxylic acid can undergo reactions involving removal of a proton (H of the ~OH
group) or reactions involving the entire - OH group or reactions involving the carboxyl

group as a whole. The acids can also undergo reactions involving che alkyl or aryl group.

(a)  Reactions involving removal of a proton
(i) Reactions with strongly electropositive metals
Carboxylic acids react with strongly electropositive merals such as sodium, porassium,

magnesium and zinc to form bubbles of a colourless gas (hydrogen) and corresponding

salts.

Examples
HCOOH + Na ————— {CooNa + H,
CH,CO0H + K ———CH,CO00K + %HZ

Devvitifren] Oraound e Cheaniitry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(ii) Reactions with alkalis

Carboxylic acids neutralize hydroxides to form corresponaing salts and water.

CH,COOH(aq) + NaOH(aq) ——————— (CH;C00Na(ag) + H,0(1)
HOOCCH,COOH(ag) + 2NaOH(ag) —— NaOOCCH,COONa(aq) + 2H.0()

(iii) Reaction with carbonates and hydrogen carbonates
Carboxylic acids react with carbonates and hydrogen carbonates to liberate carbon
dioxide gas.

| CH,COOH(aq) + NaHCOs(aq) ——>CH;C0ONa(aq) + COo(8) * H,0(1)

‘2‘.1\{)‘(5) + NapC03(aq) —— ~ 25@@{0 + 00,0 + H00

Note
o The reaction with carbonates and hydrogen carbonates is a confirmatory test for

carboxylic acids.

o For each reaction in (i), (ii), and-(iii) above, the carboxylic acids can be regenerated by "

" reacting the salts with a dilute mineral acid. For example:
CH,COONa(aq) + HCl(aq) '-——.—'—-—»‘CH3cooacaq) + NaCl(aq)
o When treating solid carboxylic acids (aromatic ones), aqueous sodium carbonate or
aqueous sodium hydrogen carbonate is used.
o Sodium carbonate or sodium hydrogen carbonate can be used to distinguish carboxylic

acids from other organic compounds,
o The reaction with agueous sodium carbonate distinguishes carboxylic acids from phenols.

(iv) Reaction with neutral Iron(IID) chloride solution
Aliphatic carboxylic acids react with neuteal Tron(I1I) chloride solution to form 2 red
colouration. For example, ethanoic acid forms [ron(ITl) ethanoate which isa soluble
compound.

3CH,CO0H(ag) + FeCly(aq) ———— (CH3C00)Fe(aq) + HEI(ae)
However. on warming, the [ron(Ill) ethanoate undergoes hydrolysis o form
ethanoic acid and hydroxide ions which reach with Iron(III) ions o form insoluble

Iron(III) hydroxide, a brown precipitate.

_ N _
CH,C00~(aq) + H,0() < CH,COOH(aq) + OH(aq)

i K. J. Jols & NN KYPER




A simplified, well elabomted and illustrative appraacb to Organic C/Jemzmy

The general observation and equation therefore are:

Red colouration forms a brown precipitate on heating.

Fe3*(aq) + 3CH,C00~(aq) + 3H,0() ——— Fe(OH)3(s) + 3CH;CO0H(aq)

Aromatic carboxylic acids form a reddish brown precipitate with neutral Iron(III)

chloride solution. For example, benzoic acid forms insoluble Iron{IIl) benzoate.

coo

/
© ! Fe(s) + 3HCl(aq)

/3

/COOH
O

.(b) Reactions involving the —OH 1 group..
(i)  Esterification N

+ FeCly(aq)

Carboxylic acids react with-alcohols in presence of concentrated sulphuric acid to-form
esters.

Examples
~ conc, Hp S0,
HCOOH + CH;CH,0H THCOOCHECH3
-COOH - - COOCHS;
A conc.H,50, AN
\\\J/ +  CH0H . heat N4
Mechanism ‘
. OH
: q’ﬁ)H | o
E TN C - OH e
L—-0H  THY AR —  |HOCH
/"'\. ’ - ‘.\\-_) + 3
' e HOCH-
\“‘-"/ /\
||[H* shift
1%
__0H
6 —
COOCH o A § “‘E»HZ
A 3 - — ST i ~
SN gt e c e —H0 » OCHj
Xy T OCHy
Note

For derails of these reacrions check the chaprer on esters.

’}emwcnf g O gcuucfche,mu;tr %
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(ii) Reacuon with phosphorus pentachloride
Carboxylic acids react with phosphorus(V) chloride to form acylchlorides. Similarly,
phosphorus(ITI) chloride or thionyl chloride can be used.

COOH cocl o
PCl; k /
(s) T 0] + POCL() + HClg)
socl, |
CH3CH,COOH(]) - ~ CH,CH,COCI()+ SO,(g) + HC(E)
Note

* Thionyl chloride (SOCL,) is preferred because the gaseous products easily escape.

¢ Misty fumes are observed in each case.

* Similar reactions occur with phosphorus bromides.

" CH,CH,COOH' PBrs  CH,CH,COBr+ POBry + HBr
or Red P /Br, .

(iii) Amide formation
Carboxylic acids react with ammonium carbonate in presence of an excess of the free
acid when heated to 100 - 200°C to form amides.

(NH,4);CO4(s)

CH,COOH CH;CONH,
SRR heat Ethanamide
. COOH. CONH,

N heat AN
: Benzanamide

Similarly, amides can be formed from carboxylic acids via acylchorides. The

acylchlorides are reacred with ammonia.

.. -COOH ‘ cocl _ CONH,
RN pCl, AN excess NHy 2% ’
_ 1 excess NH . .
CH; CH COOH —— 22— CH, CH, COCl —— S ¢} CH,CONE,

(iv) Reduction

Carboxylic acids are reduced to primary alcohols by lithium tetrahvdridoaluminare.

. cood . CH,OH
LiAlH, e
e dry ether
CH4CH,Co0H —HAHs CH,CH,CH,0H
dry ether

K. J. Jobs& N.N. HYPER
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() Reactions involving the carbox:ﬂ group as a whole
(i)  Decarboxylation
Discussed under section 3.1.6(d) and 4.4(ii).

(d)  Reactions involving the alkyl or aryl group »
- The C — H bond in the alkyl group attached to the carboxyl grmfp‘ is converted to a
C — Cl bond when chlorine gas is bubbled into the hot acid in presence of ultraviolet

light, in the same way as occurs in alkanes. The aryl group in aromatic carboxylic acids

‘may also undergo reactions similar to those occurring in benzene.

s : Ci/uv. -
(CH3),CHCOOH — 20 =——=(CH);CCICOOH + HCI .
' e
CH,C00H —2/%Y, CH CIcOOH + -HCI c
heat . @
Cl,/u.v. | 75
CH,CICOOH 2/UV- | cHel,CODH & HCH <
_ heat 5
Cly/u.v. . O
CHCL,CO0H .lzhfe‘;t" - CClL,CO0H + HCl E

* '8.6.3 Idenification of the functional group

" The carboxyl group can be idénﬁfied by adding solid sodium hydrogen carbonate
" an aqueous.solution of the carboxylic acid. Bubbles of a coloutless gas which turns
lime water milky are evolved. Sodium carbonate solution can also be used.

For solid carboxylic acids at room temperature, aqueous sodium hydrogen carbonate
or sodium carbonate solution can be used.

8.6.4 Un_iqucness of methanoic acid
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Monocarboxylic acids are resistant to oxidation. However, methanoic acid can be
oxidized by Tollen's reagent, Fehling's solution or Benedict's solution, aciditied
potassium manganite(VI) solution and acidified potassium dichromate(VI)

solution. This is due ro the presence of an aldehyde group that can be oxidized.

0
aldehyde i
group ‘ C-0H
. H
Examples
(D) Methanoic acid forms a silver mirror with Tollen's reagent (Ammonical silver

nitrate sofution) on warming whereas ethanoic acid gives no observable change.

Demystifving Orgonic Chesnuir
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A simplified, well elaborated and illustrative approach to Organic; Chemistry

This is because methanoic acid has an aldchyde group which makes it a reducing
agent. It reduces diamminesilver(I) ions to silver metal and is itself oxidized to
carbon dioxide. '
Equation

HCOOH(aq) + 2Ag(NH;)3 (aq) + 20H(aq) — 2Ag(s) + 2H,0(1) + CO,(g) + 4NH;(g)

Or

HCOOH(aq) + 2Ag*(aq) + 20H@R) ——  2Ag(s) + 2H,0() + CO,(8)
(i} . Using Fehling’ s or Benedict's solution
The coppet(Il) ions in the solution are reduced to copper(l) oxide. e
Observation: Rc_d}dish'-broﬁn precipitate formed on warming. s )
Equation | ‘ A
HCOOH(aq) + 2Cu2* (ag) + 40H(aq) ——. . Cu,0(s) + H,00) + CO4(g)

(ili) Using acidified potassium manganite(VII) solution

Observation: Purple solution turns colourless on heating.

- Half equarions

B & Joby& NN HYPER

5HCOOH(ag) 5C0,(g) + LOH*(aq) + 10e
2Mn0%(aq) + 16H*(aq) + 10e —»2Mn?*(aq) + 8H,0(0) *

General equation
5HCOOH(aq) + 6H* (aq) “+ 2Mn0; (aq) — 5C0,(g) + 8H,0() + 2Mn?*(aq)

(iv) Using acidified potassium dichro mate{VI) solution
Observation: Orange solution turns green on heating.
Half equations
3HCOOH(§q)——* 1C0,(g) + 6H*(aqg) + 6e
Cr,037(aq) + 14H* (ag) + 6e ——— 2Cr?*(aq) + 7H,0()

General equérion
3HCOOH(aq) + BH*(aq) + Cry03~(aq) —— 3C0,(g) + 7H,0(1) + 2Cr**(aq)
Note

The four reagents above can therefore be used to distinguish methanoic acid from the other
carboxylic acids.

Heatinglwarming is required for each of the reagents.

Sodium methanoate (HCOONa) can give similar observations.

Oxalic acidlEthanedioic acidlethanedioate ions or iodium ethanedioate give a positive test

with the last twa reagents,
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8.7 Derivatives of carboxylic acids

When the hydroxyl group of a carboxylic acid is replaced with Cl, Br; I, NH; or OR,
the classes formed are called acid derivatives.

We shall summarize the chemistry of these derivatives and how they are interconverted
to other compounds but we shall not demystify all details of their chemistry as this is

above the scope of coverage of Advanced Level chemisrry.

8.7.1 Acid halides

- These have the general formula RCOX, where X is F, Cl, Bror L. %
Examples include ) : E
CH,COCl Ethanoy! chloride P e
CH,CH,COBr  Propanoyl bromide 2%
CeHsCOC Benzoyl chloride S S
The preparauon and chemical reactions of acid hahdes are summarized using the ;:?
scheme below, using propanoyl chloude asa cxample EE

, CH;CH,CONHR o §
/@3\ RN, -

o N ' gd
CH,CH,CO0H —PCs CH:‘CHZCOCK—NHJ——- CH,CH,CONH, . 8

A

. S
) 4,0 X CH,CH,COOR %
| H/poisoned PA/BaSO, ooy ooy g a

heat

8.7.2 Acid amides

Primiry amides have the general formula RCONHj, where R is alkyl or arvl group.

Exarﬁplcs include

HCONH, Methanamide

CH,CONH, ~ Ethanamide

CH;CH,CONH,  Propanamide

CgHsCONH, Benzamide/Benzenecarboxyamide.

The preparation and chemical reactions of amides are summurized in the scheme below

using ethanamide as an example.
(-,

. -
; A,.zy_;

ﬁewusftr‘ Crug- Drgaec Lhenu:,tly %&h
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eXcess
¥ CH3COCI excess Br, /conc. NaOH
P/Cl/ w / wartt - CH3NH2
* H,0/H* '
CH;COOH (NHljg:tCO'f‘(s)k CH;CONH, - ~ CH;COOH

heat i
H,0/H* 4 \ OH(aq) o
ﬁeatg : he?lg —CH,C00™
aq. alecholic NaQH NaNQ, /dil.H
CH,CN 28 aNO/AILHCL - -y oo

boil

LiAlH,
dry ether .

Y

CH4CH,NH,

8.7.3 Acid nitriles |
These have a general formula RCN, where R cah be an alkyl or ary;l group.

Examples include

CH,;CN Ethanenitrile
CH;CH,CN Propanenitrile
CsHsCN Benzonitrile

The preparation and chemical reactions of nitriles are summarized in the scheme below

' using ethanenicrile as an examplc.

CH4CH,COOH
"
B "
KCN/Ethanol : OH(aq) -
o CH4 CH,C! - CH4CH,CN CH4CH,CO0
1) ’ H,0/H*
= heat or reflux CH,CH,COOH
&
Na/Et
= Na/Ethanol _, o ch,CH,NH, .
=
LiAIH,
= s CH, CH, CH, NH,
dry ether
8.7.4 Esters
Check Chapter 9.

K. J. Joby & N.N. HYPER
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8.8

End of topic assessment exercise

Complete the following equations and name the main organic product.

o COOH LiAlH,
® : - dryether :

. : _ Cal
([i) CHgCHzCHz COONE+ =
heat

An organic compound, Q, has the structure, RCH = CHCH,COOH.

Name the functional groups in Q ‘and, for each functional group, name the

reagent used to identify.ir. In each case, state the observation made and write

equation for the reaction that rakes place.

Nam"c'_o'né réagen[ that can be used to distinguish the fo[ldwing pairs of

compounds. [n each case, state what would be observed.

(@  CH;CH,CH,COOH and CH4CH,COOCH,

(b) - HCOOH and CH;COOH
() . HCOONa* and CH;COONa* _
OH COOH

Q
)

@

“and

(&)  HCOD and CH,COD

COONa*

Q

and CH;CO0Na
(e) H,C,0, and HCOOH
(h) CH,CO0 and C,0%

Using equations only, show how the following conversions can be effected.
(a)  Propanone from propanoic acid. |
) 2-hydroxypropanoic acid to bur-2-ene.
(c)  Methylbenzene to methyl benzoate.
(d)y  CH;CH,COOH fromethanoic acid.
()  CH5CH,Ito CH,CH,COOH.
() CHyCH,CH,OH to CH;COOH.
(@  CH;CH,COO0H from ethene.
(h)y  Methylbenzene to benzamide.

Deany i fy{,n,gf Org—cu'\,io Chewustiy
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A simplified, well elaborated and zllu:tmttve appraacb to Orgamc Chemistry

5 K. J. Joby & N.N. HYPER

(i)  CHCOOH from propan-1 1-ol.
()  CH3CH,CH,OH to CH3CH,CH,COOH.

5. Complete the following equations and write a mechanism for the reaction.
dry HCI

Q) CH3COOH + CH,CH,0H A

COOH
: H+.
G \A/( + CHyCH,OH :
heat

6.  An organic compound, W consists of 48.6% carbon, 8.1% hydrogen and the'

rest being oxygen.

()  Determine the empirical formula of W. ,

(b)  0.453g of a vaporized sample of W OCCLlp[Cd 200cm? ar 100°C and
95.0kPa. Deduce the molecular formula of W. '

(¢} W reacts with magnesium metal with evolution of a gas Write:
(i) - the strucrural formula of W,

_{iii) ... equation of the reaction between W and magnesium meta,

7. (a): - When 6:1g of an organic compound, D, was burnt completeiy in oxygen,

- . 15.4¢ of carbon-dioxide and 2.7g of water were formed. 0.252¢ of ‘D
" when' vaponzed ar 273'C and 2.23atm foem 43. Odcm? ofvapour
() Calculate the empirical formula of D.
(ii}  Determine the molecular formula of D.

(b) D burns with a soory flame. [dentify D.

(0 When D was rtreated with an ethereal  solution of lichium -

[etrahyd;idoaiumin:lte([[[), compound E was formed. When E was
warmed with an acidified solution of chromium trioxide, compound G
was formed. |
(i) [dentify E and G.
(i) Write equation leading to formation of E and G.
(d)  Write equation and suggest a mechanism for the reaction berween:
(i) E and propanovi chloride.
(i) G and Brady's reagent.

(e} Withour using equations, describe how D can be synthesized from:

benzene.




A simplified, well elaborated and illustrative approach to Organic Chemistry
8. Explain the following obsewadonéz o

(a) When methanoic acid was warmed with Fehling’s solution, a red i
precipitate was formed whereas with ethanoic acid, there was no
“observable change.
(b)  Sodium methanoate solution forms a silver mirror with Tollen’s reagent
while ethanoic acid gives no observable change.
9.  State what would be observed and write equation for the reaction when:
(2)  neurtral iron(III) chloride solution is added to lcm? of propanoic acid.

(b) a mixtre of acidified potassium manganare(VII) ar_id sodium

ethanedioate is heated.

w(c)  benzoic acid is added to a saturated solution of sodium hydrogen § =
carbonate. | ; E

10, A compound, J, containing 12.8% carbon, 2.2% hydrogen, the rest being *{) UE;
bromine is hydrolysed by aqueous porassium hydroxide to form compound L. L 'f; g

is oxidized in several stages by nitric acid, the final product being a carboxylic 33 o

. acid, M, of relative molecular mass 90. On warming, M, decolorizes an acidified
solution of potassium manganate(VII)."
(a)  Calculare the empirical formula of J.
(b)  Identify cc-nmpounds Land M. _
(c) Write the equation for the reaction of M with acidified potassium
; manganate (V1[).
(d)  Write the strucrural formula of a compound isomeric with J.

1.  Anorganic compound, Q, contains 22.8% nitrogen, 28% oxygen, 8.5%

hydrogen and the rest being carbon.

RS
Qo
Q
E
&
=
S
3
0

(a) " Calculate the empirical formula of Q.

(b)  0.5g of Q dissolved in 80g of warer forming a solution thar freezes at -
0.197°C. Calculare the molecular formula of Q.
(Crvoscopic constant for water is 1.86"C per 1000g ot water)

(€0  When Q was refluxed with potassium hydroxide, ethanoic acid and

ammonia were formed.
iy  [dendfy Q.

(i) Write equations to show how Q can be obtained from a carbonyl

compound.

Devystifving Orgorie Chewndgliy
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12, 0.5g of compound, R, at a pressure of 209.94kPa when vapourised at 127°C

occupied a volume of 90cm?,

(a)

13.. (a)-

B Y,

o)

= (a)

=

'ﬁ’ (b)

= {c)

= |

o (d)

~(e)

(P
(g)
(h)

()  Calculate the relative molecular mass of R.

(i)  The empirical formula of R is C, H,0. Determine the molecular

formula of R;

(iif)  Write the strucrures of possible isomers of R.

When heared with methanol and a lictle sulphuric acid, compound R

formed a sweet smelling substance T and when reacted with phosphorus

 pentachloride, R, gave white fumes and another organic substance, W;

- formed. Identify R, T and W.

When 2.3g of a compound, X, containing carbon, oxygen and hydrogen
was burnt in excess air, it produced 2.2g of carbon dioxide and 0.9g of
water. Calculate the ernpmcal formula of X. '

The den51ty of X is 2.0536gl". Determine the moleéu lar formula of X.

X dissolves in sodium hydrogen carbonate solution wuh effervescence.

Werite the structural formula of X. _

State whar would be observed and write ‘equation for the reacrion thar
would take place when a solution of X is treated with:

(i) acidiﬁed‘bocassium manganare(VII) solution.

(i)  Fehling's solucion.

Without using equations, describe how the following conversions can be

effecred.

Bromobenzene to benzoic acid.
Propanoic acid to ethvlamine.
Ethanoic acid to propanone.
Ethylamine from echanoic acid.
Ethanoylchloride from ethene.
Methylamine trom ethanoic acid.
Echanoic acid from methanol.

Butanoic acid trom propene.

15, When 0.0291g of an organic compound, Y, containing carbon, hydrogen and

oxygen only.was burnc in excess oxygen, 0.0581g of carbon dioxide and 0.023g

of water were formed.

(a)

i g

Calculate the empirical formula of Y.

X I joby& NN, HYPER
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L6.

(b) 0.41gof Y when vapouriséd at 20°C and 740mmHg occupied 39.5cm?,

Determine
(i)  the molecular mass of Y.
‘(ii)  the molecular formula of Y. 7
(c)  When a saturated solution of sodium hydrogen carbonate was added to
Y, effervescence of a coloutrless gas occurred.
(iy  Write the structural formula of Y.
(i)  Write equations to show how Y can be converted to 1-
aminopropane.
Benzyl alcohol can be converted to benzoic acid as shown.

1 : =l 1

CH,OH

CHO COOH
|/©>./ Cr,02~ /H* /f\/ Cr,08 /Ht AN

heat N\ heat \\7/
Suggest a test that you would carry out to demonstrate the functional group and
state what would be observed on carrying out the test.
(i)  for compound L. s
(ii) for corﬁpound II.
(i) for compound III.
(a) A soiid-organic,compouna, Z, contains 41.379% by mass of carbon,
3.448% hydrogen and the rest being oxygen.
(i) Calculate the empirical formula of Z.
(ii)  Derermine the molecular formula of Z (REM of Z = 116).
(b)  Z reacts with sodium carbonate solution evolving bubbles of a colourless
gas and it decolourizes liquid bromine. .
(i}  Identify Z by irs stcructural formula and I[UPAC name.

(i}~ Write equation for the reaction between Z and liquid bromine.

Dawnvitifving Organdic {neamobiy
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Esters

Esters are naturally abundant and contribute to flavours and aromas in many fruits and

flowers.- They also make up the bulk of animal fats and vegetable oils. Esters have the

- genéral formula:

.0 _
co
R—C-0-R

Where R and R! may be alkyl or aryl groups and may be the same or different.

9.1 Nomenclature of Esters : |
Esters.are named using the [UPAC system by taking the parent name of the carboxylic

acid and replacing the ending “~ic” with the suffix “-ace” and preceding this with the- -

name of the alkyl or aryl group of the appropriate alcohol or phenol.

Formula of ester IUPAC name
HCOOCH; - Methyl methanoate
CH;CO0OCH,CH,4 : Echyl ethanoate
CH,CH,COOCH,CH,CHy | Propyl propanoate
HCOOCH,CHy Echyl methanoate
CH;COO0CH, . i Merhyl ethanoate
= - 9 Phenyl ethanoate
T —0-C-CH, |
f’i —COOCH, 1 : Methyl benzoate
;‘ﬁf — CH,00CCH, Benzyl ethanoate
CH;CH,COOCH,CH; : Ethyl propanoare
CH;CHCOOCH
’] ’ Merthvl 2-methylpropanoate
CH,
HCOOCH,CHCH
?EH : 2-Methylpropyl methanoare
3

K. J. fobsy& NN HYPER
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9.2  Physical Properties

(a) Smell

Simple esters are colourless liquids with pleasant fruity smells.

(b)  Solubility

Methylmethanoate (HCOOCH,) is very soluble in water. There is a rapidly decreasing
solubility in water as relative molecular mass of the esters increases.

Esters of aromatic carboxylic acids are insoluble in water. However, esters are soluble

in organic solvents.
()  Melting points and boiling pomts

The melting points and boiling points are below those of corresponding carboxylié
acids.

For example;

- Methylmethanoare has bmhng point 32°C whereas methanmc acid boils ar 101°C.

Ethylethanoate has boiling point 77°C whereas ethanoic acid boils at 118°C. This is

because carboxylic acids associate through intermolecular hydrogen bonding burt ester

molecules cannot associare through hydrogen bonding,

9.3 Laboratory preparation
(2) From alcohols : o
Alcohols react with carbosylic acids in the presence of 5% concentrated sulphuric acid

as a caralyst or by bubbling gaseous hydrogen chloride through the reaction mixture.

Ekamplcs: '
CH,CH,0H  + CHﬁDDHﬂr—\—-:ii-m—“)—CH]COOCHZCH] + H0
CHj - 0, =< CHy ,
o conc. fs 4 TN 1
CH,CHCOOH + — CH,0H — 2% "~ —CH,COOCCHCH;  + H.0
heat —
COOH
HCI(g)
CH,CHCH, + CH,OH (CH3),CO0CH;  +  H,0
HCOOH + CH,Ci,0H —oHd

HCOOCH,CH; + H,0
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Mechanism: (The third reaction is considered)

HCl(g)

(CH;),CHCOOCH; + H,0
dry

(CH3),CHCOOH + CH30H
N : ' :

| [ H‘\%l —OH OH

(CHg)ZCHd—OH ————> (CH3),CHC ~0OH +ClI- — (C[—I3)2CHE—OH

_ CH4OH
CH,0H

H* shift
| I 3 2 H,0 ! :
_ .+ - — 2 . + L5

(CH3),CHCOCH; ~——1— (CH3),CHE — OCH; = (CH3),CHE 3

o . : OCH3 '

HY + Cl HCl

| (B) From Phenol

Esters formed from phenol are phenyl alkanoates. Unlike alcohols, phenol does not

esterify with acids bur in presence of an alkaline solution, ir reacts with acid halides ro

form esters.

. Examples
- ‘/\/0” o | o!cca
7 ~ CHyCOC AN
B (i) . +° NaOH(aq) 3 : + NaCl + H,0
X room temp. N
a ,
g Phenylethanoate
iﬁ"'ﬁ Mechanism
)
-3 OH _
= SN ONa*
] o /\/
= S + NaOH + H,0
N | \v
/’_;;'.‘--\ ﬁNa* T \!\//6

K. J. Joby & N.N. HYPER
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(i)

(c)

(1)

Hs

™~ 7

0~
-0\ | ég\f

HD

~CI~
|
Ht + CI° ———HC
7 OH( )/@coct — (ﬁ
aq ‘ T P
‘ : == Lo, M+ H0 + CF
Phenylbenzoate
Mechanism
YoH + OH_——— .= —0 + H0
N < B
—0 . T e - B
B e = e
=4 0 o

From alcohols-and acid chlorides

CH,COC

+ CH,0H

Acid halides react with alcohols to form esters.

Mechanism

Devyitifving Orgoone Chevisly
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A simplified, well elaborated and illustrative approach to Organic Chemistry

W , l\/
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=D 4

T '
CH;C—=Cl —e——-—»CH35vl —— CH;C ~ OCHy + cl~
H

CH;,(!r) H

CH30H

-4t

|

CH,C — OCH,4
HY 4+ - ——— HC
Nom NCHZQH
: ;[ I | _—

+. X

(d)  From silver salts of carboxylic acids

' The silver salts of carboxylic acids react on heating with alkythalides to form esters.

Example
'CH,CO0Ag + CHyCH,Cl —DP€8E o CHICOOCH,CH; + AgCl
- Mechanisﬁx . |
| CH,C00Ag — > CHiC00 + Ag*

o a4+ & . '
CH;gng(;l“_——*CH]CDOCHgCH] + CI7

. Agt + CI° —— Agll
(e) From acid anhydrides
Acid anhydrides react with alcohols to form esters.

\ Il i ’

() CHy,C-0-CCHy + CH;0H —— CH;COOCH;  + CH;COOH

Mechanism
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<y D 9
CH3C 0—CCHy —— CH(< 0~ CCI—I3

CH,QH
CH,OH
. I
CH,COOCH, - + CH3COOH <  CH3C —OCH;
B~ o
Vool
0 — CCH,
0

y I i |
(i) . CHyC-—O0—CCHy + CH;CH,0H ———CH;CO0CH,CH; -+ CH,CO0H

9.4 Chemical properties of esters

Esters undergo nucleophilic substitution like any other carboxylic acid derivatives.
Nucleophilic atrack occurs ar the electron deficient carbonyl carbon, and results into
the replacement of — OR' by ~OH, OR” or — NH,.

(a) Hydrolysis

Esters can be hydrolysed by heatmcr with dilute minerdl acids or dilure alkalis

(i)  Acid catalyzed hydrolysis

The acid caralyzed hydrolysis of esters forms a carboxylic acid and an alcohol or phenol.
The reaction is the exact opposite of esterification and can be teversed back to the ester.

" For example

. H.0/HT catalyst
CH;COOCH,CH,4 q CH,CO0H + CH4CH,0H
reflux

Mechanism

/—“'H+ '
: —-*«i-OH OH
I
CH,C — OCH,;CHy ——— CH,4 C OCH ,CHy————CH (‘J 0CH, CH;
T OH,
OH; ,l
| HT shift
1
0 “OH : —-OH
H” M
CHC OH-<——*“'—CHC OH+CHCHOH‘G“—‘—*“HC ,(PCHCH3
HO

Dewtvitifin ng Drga e Chevrdgtry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

The acid catalysis makes the carbony! carbon more susceptible to nucleophilic actack.
(i)  Base catalyzed liydrolysis

Ester hydrolysis is more satisfactorily done under alkaline conditions. However, the
carboxylic acid formed in this case reacts with hydroxide ions to form a carboxylate ion.
The process is referred to as saponification because esters are converted to soaps in a
similar way. The process is more efficient than acid hydrolysis because all che ester is
converted into hydrolysis products.

HEO/ﬁH
“reflux

CH,COOCH,CH; CH,CO0 + CH;CH,OH

i Mechanism

1 'S
CH4C — OCH,CHy > CHy( — OCH,CHy

: HOY , -
- OH e
- , , /’ OCH,CH;

%\

0
i
C
1
v
0 \

I . .“.‘..l.‘: . : “ B 7

! B The carboxylic acid may be obtained by adding a diluze acid.
O (b)  Reduction
o .
i =3 Just like carboxylic acids, esters are reduced to alcohals by lithium
m M . . -
Q terahydriodoaluminate in presence of dev ether.
"3 Examples
E LiAlH
CH,COOCH,CHy WMy 2CH,CH,OH
‘ dry ether
- LiAlH : :
CH4CH,COOCH, AL CH, CH,CH,OH + CH50H
dry ether

Reduction can also be achieved using sodium in echanol.

i . N
g CH,COOCH; -~ C: . CH,CH,OH + CH30H
i 2

Escers can also be reduced by catalytic hydrogenation using copper(ll) oxide or

g copper(Il) chromare caralyst ac 250°C.

% K. J. Jolbs & NN, HYPER -
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H, /Cu0 or CuCr0,

CH;COOCH,CH,CH; 0o

CH;CH,O0H + CH,CH,CH,0H
NaBH, cannot be used to effect the reduction.
(c) Ammonolysis (Amide formation)

Esters react with ammonia dissolved in an alcohol or concentrated aqueous ammonia

contained dissolved ammonium salts to form amides.

CH,COOCH,CH, NH“/Ditham[ CH4CONH,, + CH,CH,0H
conc. NH3 (aq)/NHS (2q)
Mechanism
=0 0%

| fe— -
CH3 — OCHZCHy —— CHy( 1 OCH,CHy

o NH;
'~ NH, - f
| | N

N CH,4C

-

+
_,*NH?./ T
HH*/ OCH,CH;

-

0
-9 |
CHyCNH;  + CH,CH,OH

9.5 Uses of esters

<

Estecs are used as solvents in the laboratory and industry.
Methyl 2-methylpropenoate is used in making Persex, a polymer used for
packaging, making aeroplane windows, lenses, etc.

Some long chain esters are used as special lubricants.

N

As food flavourings in the food industry and scenting perfumes.

Aspirin and paraceramol are esters used in the medicine industey.

Denystifvong Ovganae Chestoly
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A simplified, well elaborated and illustrative approach to Organic Chemistry

9.6 Some synthetic problems

M Phenylethanoate from aminobenzene
NH, OH V% OfCH
NaNQ,/dil. HCl NaOH/CH,COCI | 0
25°C room temp. N

NaNO, /dil. HCI
0—5°C

\\/ .
ool VaYes .
Gy from |
" NooccH, N

: e H,/Ni . " conc.HyS0, SN
N 0 . ‘
.f\/ e ~ heat N

B Cl,/H,0
& Cl
e
a‘ P CH;COOH/conc. H, 50, AN
E \\_ . ) heat \’/"ﬁ"‘-. OH
=5 - 00CCH;
= i
@ '}
= 5

K. J. Joby & NN HYPER
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£ S

l
COCH;

(i‘ii) to benzene
N\ COCH; PN
| LIAIH, o + CH,OH
N dry ether X
Cr,05"(aq)/H*(aq)
heat
N AN CooH
f;?\n Soddlime - N /{ ;
|\/ ‘heat \v
(ivy CH3CH3CO,CH; from ethanol.
CH,CH,O0H — 5> CH,CH,Cl KCN/Ethanol -y eyon
; heat
H* /H,0
L heat
CH, CH; COOCH, ~—oisOH/conc Ha30e oy ey, coo
' heat
9.7  End of topic assessment exeicise
i Complete the following equations and write the [UPAC names of the main

organic product in each case.

— CH,CH,CO0Ag*
(a) ~ —CH,Br
HCOOH
(b)  CH,0H
conc. H,50,, warm
CH,CO0Ag
() CH,CH,CH,Br
(d)  CH,CH,COOCH,CH, LiAlH,
. dry ether
LiALH,
(&) HCO,H + CH;CH,CH,0H
) dry ether

Dentvitifving Organie Chemdistry
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Jsuuesswe) (5

2.  Complete the following equations and in each case write a mechanism for the

reactiofl.
(@ CsH;COOH + CH;0H H
: 675 T8 heat
o ~ H,0
(i).  CHyCO,C,Hs() + OH(aq)
heat
Alcoholic NH
(i) CH;CH,COOCH,CH; —
H+
(iv) CH;CHCOOOH - + CH30H >
| heat
CH, .
(I)H
(9 CHiCOCL + CHyCCHy :
3. Name a reagent thar can be used to dlsnnuulsh between the following pairs of |

compounds and state what is observed in each case when the compounds are
separately treated with the reagent. ‘

(a)  CH3CH,COOCH; and CH3CH2CH2COOH

(b)  CH;COOCH; and HCOOCH,CH; ]

4. Write equarions to show how each of the following orgamc compounds can be

synthesized. I[n-each case indicate the reagents and conditions for the reactions.
(a) CH,CO0C,;Hs from ethanol
(b) CH;CO,CH; from ethene:

(c}.. \J —(0,CH; from benzene

(d)  Ethylbenzene from phenol
(e)  Chloroethane to phenylethanoate

5. Write 2 mechanism to show how each of the tollowing conversions can be effected.

(3)  CH,CODAg  CH{COOCH,CH,
(b) CH,COOCH; CH,CO0 + CH;0H
.,’,‘.;‘;\\//OH L .

@ ~ —co0 -
TN = =

6. An organic compound E. conrains 38.8% Carbon. 9.8% hydrogen and the rest being

oxygen. .
(a)  Calculace the empirical formula of E.
(b} - [F the vapour density of E is 51, determine its molecular farmular
(c) (i} E reacts with aqueous sodium hvdroxide under reflux ro produce

propan- Ll-ol as one of the produces. [dentity E.
(i) Write the equarion and mechanism tor che reacrion in (ii) above.

Kf fobj&N N. HYPER
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(d) Write equations to show how E can be synthesized from a suitable carboxylic

acid.

An organic compound F contains 54.55% Carbon, 36.36% oxygen and the rest being
hydrogen.

(a)
(b)

Calculate the empirical formular of F.

When 1.76g of F was hydrolysed, it required 2 X 1072 moles of sodium
hydroxide for complete hydrolysis.

(i) Determine the molecular formular of F.
(i)  Write the names and structural formulae of all the possible Isomers
of F.

[f one of the products of the reactions in (b) above was methanoic acid after

addicion of a dilute acid. "

(i) [dendfy F .

(i) = Wiite the mechanism for the reaction between F and water in
presence of an acid catalyst.

An organic compound G has the strucrural formular; CH;CH = CHCH,COOC, Hs.
Write equarion for the reaction between G and;

(i)
(i)
(iii)
(iv)
(v)

LiAlH,

Sodium hydroxide solutior and mixure is heated
Hydrogen and Nickel ar l:ﬁO“C

Bromine liquid

Ozone followed by Zinc and echanoic acid.

A liquid H of -molecular formular CgHig0; was reduced by Lithium
tetrahydridoaluminate in dry ester to form two alcohols ] and K. Both J and K reacred
with iodine in alkaline solurion to form a pale yellow cryswalline solid L. H is
insoluble in cold, dilute aqueous sodium hydroxide bur on boiling, the mixrure
gradually becomes one layer. | forms a cloudy solution after 8 minutes with
anhydrous zinc chloride in the presence of concentrated hydrochloric acid.

(a)
(b)

ldendly H. J, Kand L.

Write equarion for the reaction berween Kand:

(i} lodine in alkaline.

(i) Anhydrous zinc chloride and concentrated hydrochloric acid.
Benzvlethanoate can be reduced to two alkanols.

(i) \Write the strucrural formula of benzyl ethanoate.

(i) Give one reagent that can be used for the reducrion.

(i) Wrie the scructural formula of the alkanols.

Flvdrolysis of esters using mineral acids gives alkanols and alkanoic acids
gives alkanols and alkanoic acids. Briefly describe a method chac can be used

to determine whether the oxygen atom in alkanol comes from the ester or

WaLgr.
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A simiplified, well elaborated and illustrative approach to Organic Chemistry

Amines

10.1 Introduction

1 K Joby & NN HYPER

‘Amines are organic derivatives of ammonia formed by replacing one or more hydrogen

atoms in ammonia with 2 corresponding number of alkyl o aryl groups. Amines are
classified as primary, seconddry or tertiary amines according to the number of alkyl or

aryl groups attached to the nitrogen atom.

R-p-H R-N-R R=f =R
H H ) Rrr -
Primary amine - Secondary amine Tertiary amine

Where R and R' may be alkyl or aryl groups and may be the same or different.

Amines with only alkyl groups atrached to the nitrogen atom are aliphatic amines while

-those with at least one aryl group artached to the nitrogen atom are aromatic amines.

10.2 Nomenclarure of Amines

Aliphatic amines are named basing on the name(s) of the alkyl group(s) atrached to the

nitrogen atom followed by the word ‘@mine’ as shown by the examples in the table

below.
Formula of amine Name Class of amine
CH;NH, S Methylamine ~ Primary
CH,CH,NH, | Ethylamine or Primary
aminoethane
CH,CH,CH,NH, Propylamine or Primary
aminopropane
CH,CHNH,
(!ZH3 I-Methylethylamine Primary
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| Dty | By
'; vcmcﬁcﬁ;tﬁg

IEJHZ 2-Aminobutane Primary
: _i_ HNCH,CHONH, | Ethane-1 2-diarnine  Primary
Hz N.C H,(CH,)4CH,NH, =  Hexane-1,6-diamine ' Primary
_"CH3NHCH3 Dimethylamine ‘ .Se_condg%'y
- CH3CH2NHCH3 Ethylmethylamine sec.ondary
. (CHyCHy),NH | Dicthylamine Sccondary
(CHy)sN | ::Trimethylamine Tertiary
- (CH3CH,)3N IE _ -"ﬂie[hyl_amine Tertiary

cmcmcﬁzchm o
Ci Echyldimethylamine Tertiary

Note
More complex tertiary amines are named as derivatives of the long chain amine with an
italicized MV before the name of each substituent. For example,

CH,CH,CH,NCH,CH; Echylmethylpropylamine
' E

‘ ot
CHs N-ethyl-N-methylpropylamine

Deatst fveng Organie Chemestiy

]. Jobs & N.N. Hyper
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Aromatic amines are named as derivarives of phenylamine, as shown in the table

below.

Formula of amine Name Class of amine

‘ PhénYlarqinC Prim;iry aromatlc

Primary aromatic

4-Methylp henylamine

' Q _ 2,4,6-Tri5fofﬁdphenylaminc Primary aromatic “ﬁ

I NHCH - - o
! _— T . N-Methylphenylamine Secondary aromatic

I[I@ B Diphenylamine Secondary aromatic
. N'N‘D‘me[hylphfinylamme Tertiary aromatic

Jauuedguwie) E .
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10.3 lIsomerism

Alipharic straight chain amines are represented by the general formula, C Hy,43N.

They exhibit functional group isomerism, chain isomerism and position isomerism. For

example the amine, C4H; N, exhibits the following isomers.

Structure of isomer Name Class of amine
+ - CH3CHzCH, CHNH, - 1 Butylamine or Primary =~ -
T ' aminobutane ,
CHg,(|JHCHZI\!H2 1 2-Methylpropylamine Primary
CH, I
| :C_H;%CHZ(';HNHZ--.V” . 1-Methylpropylamine Primary
'  CH, o | o
CH, 1,1-Dimethylethylamine Primary
CHy N,
CH,
i o 'CH#HCH{CH}" . 2-A_rr_1inobutané Primary -
NH, |
CH;CH,CH,NHCH, N-Methylpropylamine - Primary
.CH;CH;NHCH,CH;y Diethylamine Primary
CH,CHNHCH, N-Methyl-2-propanamine Primary
i i
\ CH,
(;H3(;Hz[\l[c1-[3 1 Ethyldimethylamine | .Secondary
CH, |

J. Jobs & N.N. Hypc}
CamScanner

10.4 Physical Properties
(a)  Physical state

Lower alipharic amines are gases or low boiling point liquids which have characteristic

ammonia-like smell. Higher homologues are liquids with distinctive fishy odour. Very

high molecular mass amines are solids.

Aromatic amines can be liquids or solids.
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A simplified, well elaborated and illustrative approach to Organic Chemisity

K. J. Jobs& N.N. HYPER

(b)  Solubility

All amines are readily soluble in non-polar organic solvents like ether, benzene, etc.

lower molecular mass amines dissolve in water because they can from hydrogen bonds

with water since thcy are polar.

Solubility in water however decreases as the hydrocarbon chain of the amines increases

especially for amines with more than six carbon atoms.

Phenylamine is soluble .in fatty tissue and is a highly toxic liquid, easily absorbed

through the skin, hence a dangerous co mpound.

()  Boiling poiats o |
. Lower aliphatic amines have low boiling points_but their boiling points are
lower than those of alcohols with corresponding number of carbon atoms and
higher than those of corresponding alkanes.

Reason

The N-H bond is more polar than the C- H bond but less polar than the O-H bond.

This is because nitrogen is more electronegative than carbon but less electronegative

-, than oxygen. The lower amines therefore form stronger intermolecular hydrogen

bonds than corresponding alkanes whose molecules are held by weaker Van der waal’s.
forces. The hydrogen bonds formed by the lower amines are however weaker than-
those in corresponding alcohols. '

» For isomeric amines, bodmcr points decrease from primary to secondary to tertiary

and among the primary amines, decreases with branching.

Reason

Branching causes steric hindrance oF the hydrogen bonding and Van der Waal's

interaction between adjacent amine molecules and therefore reduces intermolecular
forces of atcraction berween them, thereby decreasing boiling point. Primary amines

form more hydrogen bonds than secondary amines while rertiary amines do not form

hydrogen bonds and are only held by weak Van der Waal's forces.
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Example
The table below shows boiling points of some isomeric amines.

Lsomer - Class Boiling point (°C)
CTCHGCH,CH,CHNH, | Prmay | 78
CCH,CHCHNH, | Primary 68

i
cH, Primary 56
N, R
| CH3CH2NHCH2CH3- oo Secondary o 56
U0t CHGNCHCH; Tertiagy - - 365
Observations

e For the primary isomers, boiling points decrease with increase in branching.
- Reason ..

- Molecules ‘of the three primary amines interact through intermolecular hydrogen

bonding due to presence ofN-—H'bolaI bonds, as well as Van der Waal's forces of -

attraction. Burylamine has straight chain molecules with an extended structure
resulting into stronger Van der Waal's forces of attraction berween the molecules.
However, as branching increases in the other two isomers, the molecules become nearly
spherical (more compact), reducing the surface area of contact with neighboring
molecules, thereby weakening the Van der Waal's forces of attraction berween

adjacent molecules.

s Also, boiling points decrease in the order primary > secondary > tertiary amines.
Reason

Amines are polar molecules and their molecules inceract through intermolecular
hydrogen bonding due to presence of N-H polar bonds, as well as Van der waal’s
forces of attraction. Primary amines form more hydrogen bonds per molecule than
the secondary amines and are therefore held more strongly. Therefore, burylamine

has a higher boiling point than dimethylamine. N, N-dimethylechylamine, a tertiary

amine, has the lowest boiling point because its molecules interact only through weak

Van der waal's forces and cannot form hydrogen bonds because its lacks polar N-

H bonds.

Desnyitifving Organic Chertistry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

10.5 Basicity of amines

Ammonia is a weak base. Its basic nature is ateributed to the lone pair of electrons en

the nitrogen atom which can be donated to a proton. Just like ammonia, amines are

~ weak bases and their solutions are alkaline. They form salts when reacted with acids.

Amines ionize partially in water to form hydroxide ions and alkylammonium ions.

+
RNH,(aq) + H,0() —===— RNH;(aq) + OH(aq)

By. the law of mass action:

R [0H) .
) T TRl o

Where Kj is the base dissociation constant.

The higher the value of Ku, the stronger is the base and vice versa.

2

ca . e
Ky can also be expressed as K, = — where @ is the degree of dissociation.
! ™ 4 _

However, when @ is small compared to |, then (1 —a) = 1 such that K, = ca®.

- Hence

The concentration of hydroxide ions; [OH] = ca, and once known, [H™] is got by
[H] = o
Hence the pH of the solurion is calculared from:
, pH = - 10310[H+]
pK, can also be used to express basic strength of amines. The smaller the pK,, value, the
stronger the base and vice versa.
pKy = — 10810 Ky
Note

For details of derivations and calculations involving the above formulae check the book,

‘Demystifying Physical Chemistry by Joseph Jobs Kayiira (Chapter 7)".

Gy e nd e
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The basic strength of amines in water depends on two factors:

(i)  the availability of electron pairs to donate to a proton.

(i) the case with which the protonated amine can undergo solvation with water.
Electron donating groups make bases stronger by makng the lone pair of electrons
readily available for protonarion. On this basis alone, basic strength would be in the
order: Tertiary amine > secondary amine > primary amine > NHj.

On basis of solvation, amine that form more hydrogen bonds with water become more
solvated. Thus, solvation of protonated amines is in the order: NHz > Primary amine
> Secondary amine > Tertiary amine.

: A combination of both solvation and electron donating effect (positive inducrive effccc)
makes basic strength of amines decrease in the order: secondary amine > primary amine
> tertiary amine > NHj.. | ,

However, the overcrowding of bulky alkyl groups around the nitrogen atoms (steric

hindrance) makes the approach of a proton relacively difficult hence reducing basiciry.

7. jofn & N.N. Hyper
CamScanner

Although aliphatic amines are stronger bases than ammonia, phenylamine is a much

- weaker base than ammonia as will be explained later.

TN
"

~ Example

The table below shows.the base dlSSOCl&[lOI‘l constants of different bases in agueous’

solurions.

DEMYSTIFYING Organic C/yemi._fra: K.

' Base dissociation
Base cons::nt, Kb (nioldm") K
CeHsNH, 3.5 x 10710 | 9.46
| NH, 18x107° 1 4.75
(CH;)5N 6.0 x 107° ‘ 4.22
CH,NH, dAX 10 1 | 3.36
CH,CH,NH, 4.7 % 107* 3.33
(CH;)NH 5.1x 107 3.29
(CH;CH;)3N 5.5 % 10°* 3.6
(CH,CH,),NH | 95% 107 3.02

A
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A simplified, well elaborated and illustrative approach to Organic Chémishy

(@)  Compare and explain the basic strength of NH;, CH; NH, and CH3CH;NH,.
(b) Compare and explain the basic strength of CH3NH, (CH3),NH and (CH3)3N
()  Explain why phenylamine is a weaker base thanethylamine.

Solution
(a)
Basic strength increases from NH; to CH3NH; to CH;CHpNHz.
The basic strength of the amines depends on the availability of lone pair of
electrons on the nitrogen atom. Ammonia is the weakest base because the hydrogen

atoms attached to the nitrogen atom have no inductive effect. The alkyl groups

attached to the nitrogen atom in methylamine and ethylamine have a positive

"inductive effect which increases the electron density on the nitrogen atom, making

the lone pairs of electrons readily available for protonation. The positive inductive
effect increases with!increase in the number of carbon atoms in the alkyl groups

hence ethylamine is a stronger base than methylamine.

(b)

 Basic strength increases in the order (CH3)3N < CH3NH, < (CH;),NH. o
The basic strength of: thcsﬁe;:;am_iqcs_,‘depends on the availability of lone .pair' ...

electrons on the nitrogen-atom and the ease of solvation of the protonated amines.

The three methyl groups atrached to che nitrogen atom in trimethylamine have che

greatest inductive effect but due to steric hindrance to the approach of a proton :

towards the nitrogen atom and the poorest solvation of the protonated amine,
trimethylamine is the weakest of the three amines.

The methyl groups actached to the nitrogen atom in methyl amine and dimethyl
amine have positive inductive effect which increases with electron density on the
nitrogen atom making the lone pairs of electrons readily available. Methylamine
and dimethyl-amine also have nitrogen-hydrogen bonds hence protonated amines
are easily solvated. The positive inductive effect and solvation intrease with the
number of alkyl groups attached to the nitrogen atom and the number of nitrogen-
hydrogen bonds respectively. Hence dimethyl amine is a stronger base than
methylamine.

(c)

The basic strength of amines depends on the av:ulablhty of lone pair of electrons
on the nitrogen atom.

Phenylamine is a weaker base because the lone pair of electrons on the nirrogen atom

interacts with the delocalized pi-electrons in the benzene ring. This reduces the

Wi K. Jobsé& NN HYPER
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electron density on the nitrogen atom making the lone pair of electrons less
available for protonation.

For ethylamine, the ethyl group attached to the nitrogen atom has positive inductive

effect which increases the electron density on the nicrogen atom, making the lone

pair of electrons readily available for protonation.

10.6 Preparation of amines

(a) From alkylhalides
Alipharic amines can be formed by reactmg alkyl halides w1th excess alcohohc ammonia

under pressure in 2 sealed tube.

excess alcoholic NH;
y CH3CH2CHZBr > CH3CH2CH2NHZ 4 HBI’
heat in a sealed tube

However, this reaction gives a mixture of primary, secondary, tectiary and quaternary
smmonium salts. The method is therefore of limited synthetic application due to the

multiple alkylations.

CHyCH,CHBr + CHyCH,CHpNH, — = (CHyCHCHp),NH +  HBr
CHCH,CH Br + (CHyCH,CHp)pNH  ————v  (CHCH;CHp)N + HBr
. . N .

CH}CHz(:HzB[' + (CH]CH?_CHz)]N —— (CH]CH2CH2)4NBF_

Aryl amines cannot be prepared by this method.

(b) Reduction of nitro-compounds

Primary amines can be prepared by reducing nitroatkanes. The reducing agent can be
hydrogen in presence of Nickel or Lichium tetrahydridoaluminare.

For example,

. Hy/Ni
CH,CH,NO, - —+ CH4CH,NH,

LiAlH,

CH,CH,CH4NO,
3L dry ether

+ CH,CH,CH,NH,

Note

The reduction of nitrobenzene to phenylamine is dong using Tm and concentrated

hydrochloric acid and excess concencrared sodium hydroxide.

NO, L. Sn/conc. HCI NH

-

. BExcess cone. NaOH heat

Dunvs&{vuu} Qrgande Ch&vmsﬁ
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(c) Reduction of nitriles
Nitriles can be reduced to primary amines using sodium and absolute ethanol or

Lithium tetrahydridoalimunate in ether or hydrogen and Nickel caralyst.

LA, CH3CH,NH
CH;CN dry ether 3L0a0N,
CH,CN CH, CH, NH,
Na/Ethanol
o =0
&) | -
LiAlH, . E
NCCH2CH2CN dry ether‘ —> HzNCH2CH2CH2CH2NH2 ‘
C Hy/Ni . | 'f
CH3CH2CN‘ - > CH3CH2CH2NHZ
(d) From amides
1.~ Primary amines can also be formed by reduction of amides. |
 CH,CONH LIAH, CH3 CH,NH
3 2 dry ether 0 22
A A L
| \\)/) ) .. d,ryether i \""f// .‘"i’.-,':_ Ty . - |
- This method yields'an-amine with the same number of:carbon atoms as the amide. L
2. Amides can also be converted to primary amines by Hoffmann degradarion, ]
The amide is warmed with bromine and a concentrated aqueous solution of sodium
hydroxide. However, this method yields an amine one carbon atom less than the amide.
Br, .Nal
CH, CH, CONH, o/ Na0H@D) oy e N, |
warim -
CONH - . NH,
,//\\’/ iBf;_/_conc.NaOH(aq)F SRRV
N4 warm s
10.7 Chemical properties of amines

The main reacrions undergone by amines are due ro presence of a lone pair of electrons
on the nitrogen arom. This lone pair aids amines to ace a nucleophiles and can be
donated to electrophiles. | '

(a) . Reaction with acids

All amines react with mineral acids o form stable crvsalline salcs.

Examples,

K. J. Joby & NN HYPER
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' +
CH3CH,NH, + HCl —————— CH;CH;NH;CI™

. + -
CH3CH,CH,NH, + HNO3——— > CHyCH,NH3NO;

NH, NHCl-
©/ + HO ——*@ |

(b) Acylation

Primary and secondary amines react with acid chlorides in the cold to form amides.

o) CH,CH,NH, + CH;CO0l ———— CH;CH,NHCOCH; + HCI
(i) CHyCH,NHCHy + CHyCOCl ————  CH3CH,NCOCH; + HCl

Benzoylation can be done using benzoyl chloride in presence of excess aqueous alkali.

. cocl . CONHCH,CH,
N .

H

i CON. |
/ﬁ/\\//C()Cl ,-’:—.-\\\r/NHZ T /f—\\\// /\
+ _— i

TN
: o b4+ Hd

(c) A_-Alkylation

Amines react with alkylhalides to form a mixsure of primary, secondary, tertiary and

quaternary ammonium salgs.

Example

CH,CH,Br CH,CH,Br

CH4CH,NH, (CH,CH,), NH

(CH4CHy)5N

" CH,CH,Br

i

+.
(CH,CH,),NBe™
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10.7.1Some chemical reactions of phcnyl'amine _

(2) Sulphonation
Phenylamine reacts with fuming sulphuric acid at room temperatare to form, 2-, 3-

and 4-aminobenzenesulphonic acids. The 3-isomer is the majot product.

[\‘IHZ NHZ NH2 I\IIHZ
) l SO;H
fuming H;80, ‘
OO+
room temp.
‘ : SOsH
S0.H (major product)
3

If ordinary concentrated sulphuric acid is used ar 180°C for several hours, the 4-isomer

.only is formed.

o~

NH
l

(\\ © conc.HpS04 /Q\
\\J/ 180°C, several hours Y

| SO4H

(b) * Bromination o
Phenylamine reacts with bromine "water in the cold to form 2.,4,6-
tribromophenylamine.

Observation: Reddish brown solution turns colourless ind a white precipitate formed.

NH; ' . NH,
r
P '-_/,’E;\ B
@@+ 3Bl T (s} + 3HBr(aq)
Br

10.7.2 . Testing for amines

Amines react with concentrated hydrochloric acid to form dense white fumes of

alkylammonium chlorides. This rest can be used for any class of amines.

However, the differenc classes of amines can be distinguished using concentrated
hydrochloric acid and sodium nitrite at 0°C. the acrual reacting species is nicrous acid
but ic is unstable and thus prepared in situ by the owo compounds above.

o Aliphatic primary amines react to form alcohols and nitrogen gas.

Observation: a colourless solution and bubbles of a colourless gas.

: : K J. Jobsy& N.N. HYPER
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NaNO, /conc. HC
CH4CH,NH, 2 o:é cone CHyCH,0H + Ny + H0
NaNO, /conc. HCl
CHaCHCH, 2 O;C’w“c CHCHCH, + N+ Ha0
NH, ~ OH

The reaction of primary aliphatic amines is called diazotization because it yields
highly unstable aliphatic diazonium salts that decompose to form mixtures of
alkenes, alcohols and alkylhaides. Since a complex mixture of products is formed,

chis reaction is rendered of little importance for synthetic purposes.

s Secondary amines (both alkyl and aryl ones) react with nitrous acid to form

S
N-nitrosoamines which are insoluble in water. % '
s e [
Observation: yellow oil formed. % &
: =
Examples by equations: 2 T
- b
: W
NaNO, /conc. HCL
CH,CH, NHCH, o:é CHyCH,N—=N=0 + H,0 fg £
¢
CH, w2
B\ NaNO, /conc: HCl ~
:()rwm&u aNO,/eonc. BEL —N-N=0 + H,0.
DN _ pec - ~

CHs
s Aliphatic tertiary amines do not undergo diazotization or nitrosation. They
instead form nitrite salts which are soluble in water.
_ Observation: a colourless solution is observed

Examples by equations:

DEMYSTIFYING Organic C'hcmisﬁ(.

NaNO, /conc. HCI "
(CH;)3N 2/ — (CH;3);NHNO;
0°C ‘
CHyCH; |
NaNO,/conc. HCl ., =
CH;CH,N(CH3), oﬂc/ — [+ NHNO:
' H,C

Tertiary aromatic amines react wich nitrous acid to form nitrosoaromatic
compounds. Nirrosation takes place exclusively at the para posicion if open and

ar the ortho position if the para position is not open.

) HyC —

it — NaNO, /conc. HCI
N N— - N=N=0 + H0

HaC = 0°c HyC =

B

Dawmystifving OrganeC hemostry
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* Aromatic primary amines react with nitrous acid to form diazonium salts
which are more stable than aliphatic ones and do not decompose when the
temperacure is kept below 5°C.

Observation: a colourless solution is formed.

Equation
.|_
l\[IHz ?JENCI‘
. O NaNO,/conc. HCI //—§,
)+ HO
0°C o :
Benzenediazonium
~salt

However, on warming, bubbles of a colourless gas are formed, i.e., nitrogen is
formed.
Note
The diazonium salt formed is of great synthetic value due to the reactions it undergoes.
() The diazonium salt reacts with an alkaline solution of phenol to form an azodye.

Observation: :bright yel[ow prectpltate

Eguatlon
oy MG = A
\_ / — — N — N— Y —
7 N =N+ O — o N=N—_ .~ OH

€

| 1-(

(i) The diazoium salt reacts with tertiary aromacic amines to form an azodye. The

reaction takes place in neutral solution.

— 4’/—\‘\ ' ‘{‘.CH] H.O —l /T\ ’u'CH]
_ SN+ N — I —N=N— Uil T
— — ~CH, e - - CHjy

(i) The diazonium salt also reacts with naphthalene-2-ol (2-naphthol) in alkaline
medium. |
Observation: bright red precipitate.
HO
= ,,-,;:i;j\,_/,-‘;\,_\.-«"'OH Ot (ai, -

;/_‘ —N=N + g __,\/ o

bl

i

I

Note: Pormaclcm of a red precipitate when an amine is treated with nitrous acid and
the resulrant solution poured in an alkaline solution of 2-naphchol confirms that the

amine is a primary aromatic amine (phenylamine).

= """”’%}WF&*”‘""“ v
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The above three reactions are called coupling reactions of benzenediazonium salts.
(iv)  Benzenediazonium salt can also be converted to 2 number of compounds by

replacement of the diazonium group by a number of other atoms or groups. A

summary is shown below:
: ,OH

Q/i
O )
3,
L =
. Nl =z o
NH, rITI = NCI- 7 ingg”
| | =
@ NaNO,/conc. HEL 7\ 35
N 0C N .

[n all the six reactions above, nitrogen gas is formed.

10.8 Uses of amines

]
2
O
R
5
N
S
2
3
~
s
28}
q

(1) Phenylamine is-used in the manufacture of benzenediazonium chloride, which is
a starting material for many azo-dyes; making Schiff bases which act as
antioxidants in the rubber industry and in making sulphur drugs.

(i)  Phenylamine is used to make sulphanilic acid; which is then used 1o make methvl
orange indicator.

(i)  Phenylamine is used 1o make azo-dyes via benzenediazonium sale. The azo-dyes
are used as colouring marerial for food and other subscances.

(iv)  Lower aliphutic amines are used:
e 45 reagents in organic synthesis.
» s solvents in laboratory and industry.

o a5 swabilisers in rubber fatex industry,

Dewtyitifveng Ovgasuwe Chemdstry




A simplified, well elaborated and illustrative approach to Organic Chemistry

]
&
=
L
0
&
=
=
o
=

* in petroleum refining.

¢ in the manufacture of detergents.

10.9 End of topic assessment exercise

L.

Complete each of the following equations and in each case, name the major

organic product.

Br,(ag)/conc. NaOH(aq)

warm

(a) CH;CH,CONH,

(b) (CH3),NH + CH,CH,(1 ———

© C.H-NH NaNQ, '
(c .
- e dil. HCl, 0°¢
NaNO,
d {CH;),NH >
@ Ve dil. HCL, 0°C
N0y
///“\’/ 1. Sn/conc.HCl
(e) \\J/ 2.NaQH, heat
. CONH,
AN Br,(aq)/conc. NaOH(ag)
{0 S
o warm

.-Cotnplete each of the following equations and in each case, outline a mechanism

for the reaction.

CH;NH
(a) CH4CH,CH,CI 32
= heat
(B _"NH; + CH,cOCt —————
(©) (CHy):NH  + CH;cO01 — .
(d)  CHyCH,CH,NH, + CH,COCH —- >
. NHCH, .. cocl
(&) b e
. ar
.  CHiCH,OH/NH,
® | L
eat
NHCH,
@ + (CH4C0),0 —- -
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Write equations to show how the following synthesises can be carried out. In
each case, indicate the necessary reagents and conditions.

(a)  Methanol from ethanamide '

(b) CH5CONHCH,CH; from bromomethane

(c)  Chloroethane to ethanamide

(d)  (CHs),C = NCH,CH,CH; from 2-iodopropane

(e)  Phenylamine from methylbenzene

()  Phenylhydrazine from phenylamine .

()  Bromopropane to propanamide

(h) CH,CH = CH, to CH;CH,NH,

&
™y ke
(iy . CH3CH,CH,NHCH; from propene "-‘"« z.
(i)  Aminocyclohexane from-_-g:ycloh'cxene § -._.E
(k) Phenylethanoate from aminobenzene - d 'ZE
. N S E
(0 Ammobf.nzene to 2-nitrophenol <83
NHCHs
{m) Q/ | frc.:m bf..'nz-'ene. E
o/ CHaNH, | 5
(n) \__7 - from beriiene. | (;é |
| /\/m E f\ CONH, éjq
(o) - N to NP %
N S
fromb . =
(p) w—r rom benzene %’J:
505 H E
Describe how the following conversions can be effected. (No equations required) Q
(a) Benzoic acid to aminobenzene
(b) Ethylamine from ethanol
{c) Ethylamine from methanol
(d) Methylamine from ethanoic acid
(e) lodoethane to propanamide
(£ Phenylamine from hvdroxvbenzene
(2) Echanal to ethylamine

Depvibifving Qrgoance Chesmatioy




A simplified, well elaborated and illustrative approach to Organic Chemistry

5. (a) For the pair of organic compounds given below, '
 NH,
CH;CHCH; and  (CH3)3N
name the reagent(s) that can be used to:
(i) - test for the functional group.
- (ii}  distinguish between the pair of the orgahic comp'ounds.
In each case state the observations made.
(b)  State what is observed and write equation for the reaction that takes place
when sodium nitrite in presence of concentrared hydrochloric acid is
. added to ethylmethylamine. ‘
6.~ Name the reagenc that can be used to distinguish‘bétween the following pairs of
compounds. In each case, state what would be observcd if each mcmber is
separately treated with the reagent and write equation for the reaction,
@ 2- -aminopropane and dlmethylamme.
(b)  (CH;3);NH and CH;CH,
()  CHyCH,NH, and (CH;CH,),NH
(

' : PN é
. - (e) e ~and CHyCH,NHCH,CH; | ;
B “ nw, CH3 cH AN, ‘:

s d .

&

' - NH, NHCH

= e AT i
= (8) e and .

g NS | N

. .-NH; A .CH,NH,
(h) . and ‘ }
=T N

4
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(i) CHsCH,CH,CH,NH, and

OH
O =
N = NCI
® ©/ and CH3CH,N = NCI

An organic compound Y conrains 22.8% nitrogen, 28% oxygen, 8.5% hydrogen

and the rest being carbon. -

NH,

) 1-13c—<(:)>*r\m2 and @Nﬁz
O-

(a) ' Calculate the cmpmcal formula of Y.
(b) - -0.5g of Y dissolved in 80g of water forming a solution thar Freezes at
—0.197 °C. Calculate the molecular formula of Y.
(Cryoscopic constant for water is 1. 86°Cmol™? per 1000g of water).
(c) When Y was refluxed wich porassium hydroxide, ethanoic acid and
ammonia was produced. -
() Idendify Y.
(ii) . Write equations to show how Y is obrained from a carbonyl
~compound,
(a)  Srate Graham's law of gaseous diffusion. ,
(b)  Equimolar amounts of amine, T and oxygen were allowed to diffuse
through the same porous partition under the same conditions of
remperature and pressure. The amine, T diffuses 1.19 times as fast as the
time by oxygen.
(i) Determine the molecular mass of T.
(i) Determine the molecular formula of T.
(c) (1) Write equation for the reaction when T is dissolved in warter.
(i)  Determine the pH of a 0.1M aqueous solution of compound 7.
The base dissociation constant, Ky of 7 @5 185X
10" °moldm™*and K, for wacer is 1.0 X 10" "mol2dm™S.

() Anorganic compound. Q, contins carbon, hydrogen and nitrogen. On

complete combustion, one mole of Q formed one mole of carbon dioxide -

and 2.5 males of water. The vapour density of Q is 13.3. Calculate the
molecular formula ot ().

(by  Write the structural formula of Q.

Devvitifyig Orgoancs Chemdistry
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A simplified, well elaborated and illustrative approach to Organic Cbzmimj;

()  Qisaliquid at room temperature and dissolves in water to form a solution

of pH 9.20. State why;
(i)  Qisaliquid
(ii)  asolution of Q in water has a pH of 9.20

(d)  An aqueous solution of Q was added to nickel(Il} sulphate solurion
dropwise until in excess.
(i) Sfate what was observed.
(i)  Write equation(s) for che reaction(s) thar ook place.

10.  (a)  Phenylamine was mixed with concentrated hydrochloric acid and sodium
nitrite at a temperature of 0-5 °C. The resultant solution , W was treated
with 2 mixture of phenol and sodium hydroxide. State what is observed
and write equation for the reaction that takes place between; -
() Phenylamine and a mixture of concentrated hydfdthlbric acid and

sodium nitrite. |

(i) W and phenol in aqueous sodium hydroxide.

11, 20cm’of 0.05M aqueous phenylamine was mixed with 50cm3 of 1M sodium

 bromide and-electrolyzed at.current of 0.2A. The first permanent bromine colour

- was observed after 48.25 minures and then. electrolysxs was smpped
(Faraday's constant = 96500Cmol™1).

(i) . Calculate the number of moles of bromine that reacted with 1 mole of

phenylamine.

(i) Hence write equation of the reaction between bromine and phenylamine.
Name the product

12.  (a)  Acompound R contains carbon, hydrogen and nitrogen. On~~ . :
combustion, 0.72g of R produced 1.615g of carbon dioxide and 0.42g
produced 84cm? of nitrogen ar 15°C and 760mmHg. Calculate the - 1
empirical formula of R. |
(b)  When R was vapourised, it took 38 seconds to diffuse through the . same
porous partition under similar conditions whereas oxygen takes 28

seconds. Calculare the molecular formula of R.

(c) R reacts with 2 mixture of concentrated hydrochloric acid and aqueous . g

sodium nitrite to form a vellow oily liquid.
(i) [dentify R.

(i) Write equarion tor the reaction thar rakes place.
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A simplified, well elaborated and illustrative approach to Organic Chemisity

13.

14.

An organic compound 7, C4HiN when treated with a mixture of concentrated
hydrochloric acid and sodium nitrite solution, there was effervescence of a
colourless neutral gas ¥and another organic compound Z were formed.
(a (1) IdentfyY
(i) Write the structural formulae and IUPAC names of possible
isomers of T.
(b)  When Z was treated with iodine solution and sodium hydroxide solution,
a pale yellow precipitate R was formed. Identify
@ T
MW Z .
(iii)  pale yellow precipitate R

(9 Write equations and suggest a mechanism for the reaction between

() Tand ethanoylchloride
(i) Zand hot concentrated phosphoric acid.
(d)  Using equations only, show how T can be synthesized from propyne. -

The scructural formulae of amines P, Q and R are shown below,

P Q R

(CH,),NH . (CHy);N CHsNH,

(a) )y Describe the tesc_ thar can be used to distinguish 2.Q and R. (Your

answer should include observations and equations)
(i)  State and explain the trend in acid strength of the amines.
(b) () Write equation(s) to show how R can be prepared from ethyne.
(Your answer should include reagents and conditions)

(i) R can be used in the manufacture of an azo-dye. Ouline the steps

you would follow in preparing azo-dye starting from & (Your

answer should include observations and equations).

() Acompound G, relative molecular mass 93, burns with a sooty flame and
contains 77.42% carbon, 7.53% hydrogen and the rest being nitrogen.
Determine the molecular formula of G.

(b) G issoluble in hydrochloric acid. Write the structural formula of G.

(c) G was reacted with nicrous acid and to the product was added  2-

naphthol.
(i Srate what was observed

(il Write the equation for the reaction that took place.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(d) G can be prepared from nitrobenzene. Write equation to show how nitro-

benzene can be prepared from benzene.
16.  Ethylamine, dimethylamine and ammonia are weak bases in aqueous solution.
(@ ()  Arrange the compounds in order of increasing basic strength.
(i)  Suggest why the basic strength is in that order.
(b) ()  Namea reagent that can be used to identify the functional group
of the bases.
(i)  Stare what is observed when each of the bases is separately treated
with the named reagent.
() Using equarions and showing the necessary conditions, show how:
()  dimethylamine could be prepared from ethanol. .
(i}  ethylamine could be converted to propanoic acid.
(d) (i)  Name the reagent that could be used to distinguish berween the o
bases.

(i)  State what is observed when each of the bases is separacely treated

~ with, the named reagent. |
(i) Write the equation for the reaction;,_that took place in each case.
17.  Explain each of the following observations.

() The boiling point of ethanol is higher than that oferhylamme

P S

B ‘ (b) Phenylamme is 2 weaker base than ethylamme {
- (c) Ammonia is a weaker base than ethylamine é
g _ (d)  The basic strength of ammonia, methylamine and aminobenzene is in the %
7 order; CaHoNH, < NH; < CH3NH, ;
% ' (e)  The basic strength of aminobenzene, ammonia and dimethylamine are in
Ej"; the order.

L NHy

< NHy < (CHy),NH

N el

i K. J. Jobs & N.N. HYPER
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Ciiaiptef | ‘11

Applied
Organic Chemlstry

[n this ropic, we shall consider the following subtopics:
(a) Fermentauon
(b) ~ Soaps and soapless detergents

(©)  Polymers and polymerization

11.1 Férmentation.

Ethanol can be obrained by fermentarion of sugars (carbohydrares).

()  Ifethanol is to be prepared from starch;
. A source of starch such as maize, rice, potatoes wheat or sorghum is used.
-Any of the abovc sources of starch is squeez-cd with hot water and filtered to obtam

a solution of starch The aqueous starch solution is heated to about 60°C w1th malt

Malr is germmated cereal (usually barley but can be any other) that contains an enzyme

known as diastase. Diastase hydrolyses starch to maltose.

Diastase
Z(CﬁHloos)n + nH D —_—— nCleZZOH
starch _ 60°C - maltose

The liquid is then cooled to 35°C and yeast is added. Yeast contains the enzyme
maltase which catalyses the hydrolysis of maltose to glucose.

CaHyp0y  + H0 ————> 2CgH50q

Another enzyme in the yeast called Zymase, converts glucose to ethanol.

Zymase '
CeH,05 —————> 2CH;CH,0H + 2C0,

(b) Frofn Sugar

Molasses conaining sugar is mixed with warter and yeast and allowed to ferment for

several days after which ethanol is obtained. One of the enzymes in yeast called

sucrase catalyses the hydrolysis of sucrose in molasses to glucose and fructose.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Sucrase
CipHp204;,  + HRO > CgHy306 +CgH1204

Sucrose Glucose Fructose

Another enzyme in yeast called Zymase then catalyses the decomposition of glucose
to ethanol and carbon dioxide.

Zymase
CGleoﬁ _— 2CH3CH20H + 2(:02

When the concentration of ethanol reaches 12%, ic kills the yeast and fermentation
stops. This obtained liquor is purified to obrain pure ethanol by distillation. The
distillation tesults into formation of a mixrure containing 95% ethanol. Further
distillation forms a constant boiling mixture (an azeotropic mixcure) whose
composition does not change. This mixcure is known as rectified spirit. The rectified
spirit is stored over quick lime in the laboratory. _ .
Subsequently the mixture is refluxed over quicklime for about 6 hours and then‘
allowed to stand overnight to obrain absolute ethanol which is then distilled off.

In industry, benzene is added to the recrified spiric and then fractionally distilled.

~ Pure ethanol is obtained at 78°C.

Uses of ethanol
(i) Manufacrure of ethanoic acid.
(i)  Manufacture of ethylesters.

(ii)  As a solvent for many organic compounds.

11.2 Soaps and soapless detergents

11.2.150ap

Soap is a sodium or potassium salt of a long chain carboxylic acid. Soaps are
obrained from vegetable oils ot natural fats known as glycerides. The facs (glycerides)
are esters of a triol known as glycerol or propane — 1, 2, 3. - triol and long chain

carboxylic acids as shown by the general equation below.

2
H-COCR
HC-0OH 4+ 3RCOOH ————* HCO§R + 3H,0
H,C - OH Carboxylic H,COCR
Glyceraol acid Glyceride

K. J. Joby & NN HYPER
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A simplified, well elaborated and illustrasive approach to Organic Chemisiry

i

The carboxylic acid used to obtain the glycerides are usually saturated and have an even

number of carbon atoms in the range (12-20).

Examples are shown below:

Carboxylic acid Formula Glyceride (fat used to form
soap)
Dodecanoic acid (lauric- - | ~ CHz (CHz)1,CO0H T 8 i 3__
. | S aC.[d) S TR . HCO (CHz)lOC.H:.;
-(12.carbon atoms) B R - H,COC(CH;)10CH3 ¥
I IS o _ S :%
s -
L)
Zz =
2' o
- . 0 oy @
Ocradecanoic acid- I : H,COC(CH,)16CH3 . W
. ' " . . 0 __g E
(stearic acid) " CH4(CHy)sCOOH HCOC(CH,) £CH3 : 3

(18 carbon atoms)) H,CO (CHy)16CHs

Hexadecanoicacid: ~ H,COC(CH;)14CH3 -

| | - 0
(palmitic acid)-(16 carbon CH; (CH,)14C00H HCOE(CHZ)HC% :
aroms) -

H,COC{CH;),,CH;

~ Any of the fat (glyceride) above or others not shown can be used to make soap. Fats

are solids at room temperature and are saturated co mpounds. They can be obtained

from coconut.

DEMYSTIFYING Orgunic _Cbcmi:ﬁ:'K

However vegerable oils are liquids at room temperature and are highly unsarurared

and are usually obtained from plants.

Samples of the oils include cotton seed oil, sim sim oil, groundnut oil, sunflower ail,

palm oil and cashew nut oil, e.t.c.

11.2.2 Extraction of Animal Fat and Vegetable Qils
Animal Fat

The animal tissue is heated with water.. The fat melts and floats on the surface of

" the hot water. The molten fat is then skimmed off into a separace conuainer, allowed

to cool until it solidifies.

Dy tifvorg Organde Chewistiy e
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Vegetable Oils
Using groundnut seeds; -
The dried seeds are roasted and then crushed to obtain a paste. The paste is added to

water and the mixture beiled until oil floats on top of the mixture. The oil is then
decanted off.

11.2.3 Preparation of Soap

Soap is prepared by the process called saponification.

Procedure

The vegerable oil / animal fat is boiled w1th concentrated sodium hydroxide solunon
while stirring until the vecretab e oil / fat completely dissolves: |

The solution ‘is -coolcd and concentrated sodium chloride (brine) is added to
precipitate soap. The soap floats and is skimmed off. It can then be processed into

bars or soap powder.

General Equation:
g .
H,COCR _ - H,C ~ OH
- HcoER + INaOH(aq) ————> . HC—OH + 3RCOONa*
Hiogr{ T T H,C—OH
Glycerol

- Where R is an alkyl group.

Note:
(a) Glycerol is a valuable bi-product because it is used in the manufacture of

~ nitroglycerin which is a constituent of many explosives. Glycerol is also used in

manufacture of glypral plastics.

(b) Sodium soaps have limited solubility in water and can be obrained as solid cakes.

Whereas porassium soaps are more soluble and are used as gels in shampoos and
shaving creams.
(c} Iftheglyceride used is spc:uﬁcd then in the equation for the reaction R is specified.

For example:

T Tobs & NN HYPER
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A simplified, well elaborated and illustrative approach to Organic Chemistry

H, Oﬁ(CHz) 10CHz CHZ OH

HCOC(CHp)1oCH3 (5) 4 3NaOH(ag) ——> (HOR o ot 3CH3(CH2)1‘0C06N3+(5)
H,COC(CH,)10CH; | CH,0H

(d) If the mass of glyceride used is known, then we can calculate the mass of soap

formed.
Worked Example
Soap was prepared from 96. 95g, of a far mainly derived from ocradecanoic acid, .
()  Writeequation For the reaction leading to formation of soap. § .
(b) -Calculate the mass of soap formed after completc reaction. = 2
) 2 @
(a) b3
? | 25
Ha OC(CHz)lsCHs CH,OH g, 2
HCO&(CHz)lGCHj (S) + 3N30H(aq) ———) CHOH (l) + . 3CH3(CH2)15C06N3+(S)
H,COC(CH,) 4CH; ' CHEOH '

(b)

Molar mass of the ester

(12><19x3)+(16x2x3)+(37x2)+(36x1)

= 890g
Number of moles _ 96.95
= — = 0. 9
of ester used 890 108933

.Q.E
£
o
O
g
8
N
S}
<
2
3
2
s
8
Q

1 mole of ester form 3 moles of soap.

0.108933 x 3
1

= (0.326798 moles of soap
Molar mass of soap(CH;{CH;)sCOONa) |
:(18)(12)+(35><1)+(16x2)+(23x1)
= 306g "
Mass of soap formed = 306 >< 0326798

0.108933 moles ofesterform( ) moles of soap

= 100¢g

Dewyitifying Organie Cherdstry
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11.2.4 The cleansing action of soap

Soap acts by lowering the surface tension between water and oil / grease or other
insoluble material and also emulsifying them. |
The soap molecule has both a long chain hydrocarbon chain which is non-polar and
hydrophobic and a carboxylate group which is polar and hydrophilic. When soap is
added to water, the hydrocarbon chain (:ﬂkyl group) is attracted ro the oil/grease and
the ca.fboxylatc group is attracted to the water. This reduces the surface tension
between water and the dirt. The oil / grease / dirt particles are removed and
suspended in water (emulsified).

Note -

(a) Soap is not effectively used in hard water because it fo rms insoluble calcium or

magnesium salts (scum) leadmg to soap wastagc

2RCOONa(aq) + Mg?*(aq) "> (RCOO),Mg(s) + Na*(aq)

. 2RCOONa(ag)-+ Ca’*(ag) —— > (RCO0),Ca(s) + Na*(aq)

Lather can only be formed when all the magnesium ions or calcium ions are
- completely precipirared as scum.

(b} Soap is not recommendable for continuous use when washing aluminium utensils.

" This is because soap is a salt 'of a strong base and a weak organic acid. Soap B

therefore undergoes hydrolysis in solution to form week acid and hydroxide -

fons.
RCOO™(aq) + H,0(ag) —_— RCOOH(ag) + OHM(aq)

The hydroxide ions react with aluminium, to form aluminate ions and hydrogen.

This causes wearing off of aluminum urensils.

2Al(s) + 20H(ag) + 6H,0(aq) —> Al(OH);(anq) + 3Hy(g)

(c} Soaps with lo onger alkyl chains are more effective than those with shorter alkyl
chains. For example sodium octadecanoate (CH;(CH,;),,CO0Na), also called
sodium  stearate, is more effective than  sodium  dodecanoate
(CH;{CH,),oCOONa). This is because sodium ocradecanoace has a longer non-
polar, hydrophobic alkyl chain, which congregates more dirt than that in

sodium dodecanoate.

11.2.5 Soapless Detergents
Soapless detergents are sodium salts of alkyl benzene sulphonic acids or sodium

salts of iong ch:un alkylhydrogensulphatc

= 7. rcrtn & NN. HYPER
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ey

Their general structures are as shown below;

R—@SO;N{’“ or  RCH,0SO3Na*

Where R is an alkyl group.

Unlike  soaps, soapleés detergents have the sulphonate  group (in
alkylbenzenesulphonates) and sulphate group (in alkyl sulphates) instead of the
carboxylate group. Therefore detergents are effective even in hardwater because the

cotresporiding magnesium or calcium salts formed are soluble.

-'2R—©;>—505Na+(aq) + Mg2+(aq)-_____,LR-*';“-f‘-—SO-,szg(aq) + 2Na*(aq)

2RCH,0503Na*(aq) + Mg?*(aq) “—> (RCH,080;),Mg(aq) + 2Na*(aq)

&

Examples of common detergents include: Omo, Nomi, surf, etc.

11.2.6 Preparation of Soapless detergents

(2) * The most commonly used detergents are sodium salts oFalkylbenzené sulphonic

acids. These are made from: - -
(1) Nqn—branched, alkenes t_:or.\taini'n:ér 12 — 18 carbon atoms.

Procedure

Benzene is reacted with a long ch.fl'n alkene in presence of an acid to form
alkylbenzene. The alkylbenzene formed is heated with co ncentrated suplhuric acid
to form an alkylbenzene sulphonic acid which is then heated with sodium hydroxide
solution o form a detergent or alkylbenzenesulphonate.

RCHCH,4 . R{;:HCH]
/;ﬁ\.:\ " A\- conc. H,50; //—\\
+ RCH=CH,—™ > . heat N
N N - N
50, H
&
RGHCH;
| /
AN
R
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(ii)  From an alcohol ,

The long chain alcohol is heated with excess concentrated sulphuic acid to form an

alkene. |

c:onc.Hzéo4 N
180°C

RCH,CH,0H

RCH = CH,

The alkene formed is then treated as in procedure (a)(i) above to obtain the

dctcrgent

(iii), - From an alkylhalide _
Benzene is reacted with a long chain alkylhalide in the presence of aluminum
chloride to form alkylbenzene. The alkylbenzene is then treated as in (a)(i) above until

the alkylbenzene sulphonate is obtained.
//—g
\/

(b) Dertergents in the form ofsodmm saits of long chain alkylhydrogen sﬁlpfié‘{[.es are

+ RX AlCl5

AN
V

prepared by the procedure described below:
They are prepared from long straight chain alcohols.
A long chain alcohol (for example dodecanol) is reacted with cold concentrated
sulphuric acid and the mixtre stitred w form an alkylhydrogen sulphate
(dodecylhydrogen sulphate for dodecanol). The alkylhydrogen sulphatc is reacted

with sodium hydroxide solution to form a detergent (a sodium alkylsulphace).

CH5(CH,) g CH,0H —£00EH2304 ey (o, 0 CH, 050, H
NaOH(aq)

CH,4{CH, )4, CH, 0507 Na*

Note

Some addicives are added to detergents for specitic uses. These include:

(i)  Sodium sulphate - to increase the bulk of the detergent.




A simplified, well elaborated and illustrative approach to Organic Chemistry

(i)  Imorganic phosphates — react with calcium ions in the dirt to form soluble

complex calcium salts.

(iti)  Sodium peroxoborate — to act as bleaching agent.

11.2.7 The cleansing action of soapless detergents
Soapless detetgents act in essentlally the same way as soap does.

The soapless detergent molecule has an alkylbenzene group ora long alkyl chain which
is non-polar and hydrophobic and a sulphonate group (for alkylbenzenesulphates)
that is polar and hydrophilic. When a soapless detergent is added to water, the

alkylbenzene group [ alkyl cham is attracted to the oil grease/dirt and the -

sulphonate / sulphate group is attracted to the water. This reduces the surface
tension between water and the dirt. The dirt particles are removed and suspended

in water (emulsified).

Advantage of soaps over detergents

Soaps are *biodegradble whereas the alkyl benzenesulphonates are only slowly
biodegradable.

Disadvantage of:soap -

Soap forms scum with hard water 1eadmg 10 50ap WasTage.

Advantage of soaplcss dctcrgents over soaps

Detergenis can be used even in hard water because chcu Calcium and magnesium salts

are soluble in warer.

Disadvantages of detergents over soap

o Alkylbenzene sulpohonates are only slowly biodegradable hence pollute the
environment. _ 7
¢ Detergents also contain inorganic phosphates which are nucrients for algae growth

which deprives lakes and rivers of oxygen. This leads to suffocation of aquaric

organisms hence death.

11.3 Polymers and Polymerization

A polymer is large molecular mass compound formcd by repeatedly joining
together many smaller molecules called manomers.

The monomers are connected by covalent bonds.

Polymerization is the process by which many small molecules are repeatedly joined

together to form a large molecular mass compound.
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A simplified, well elaborated and illustrative approach to Organic Chemistry

There are fundamentally two types of polymerization. They include:
(i)  Addition polymerization

(ii) Condensation polymerization.

11.3.1 Addition polymerization

This is the type of polymerization in which very many molecules of an unsaturared
monomer join together to form a large molecule which has the same empirical formula
as the monomer without loss of small molecules.

Examples of addition pqumers include:

(i) Poly(ethene) |

(i)  Poly(phenylethene); also cal lecl polysryrene

(iii)  Poly(propene) '

(iv) Poly{chloroethene); also called polyvinylchloride (PVC)

(v)  Poly(methyl2-methylpropenoare); also called Perspex.

(vi)  Poly(rerrafluroethene); also called PTFE or Teflon or Fluon. -
vii)  Natural cubber and synthetic rubbers. '

(
(vii) Doly(propenonitrile); also called Orlon.

Details about structure, preparation, properties and uses f each of the addition polymers
are described below:

(i) Poly(ethene)

Poly(ethene) is also called Polythene. Its monomer is ethene (H,C = CH;) and the
polymer has the structure —(CH,CH,),, -

There are two types of poly (ethene). -

(a) Low density poly(ethene)

This rype has a low softening point (about 120°C).- [t is formed by compressing ethene
ar a high pressure of 1500 atmospheres and a temperature of 200°C in a very small
amount of oxygen. This is called the [Cl high pressure process.

Equation

HHQC = CH?_ 0, initiator > ’“CHgCH_; _
1500atm, 200°C . n

T
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T

e
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A simplified, well elaborated and illustrative approach to Organic Chemistry

Low density poly(ethene) is used;

e Asa film for packaging and for coating.

e Asa covering for cables.

» For making p.[asr.ic bags.

¢ For making toys.

(b) High density poljr(cthénc) o

This typ_e has a'hlgher softening point {about 130°C). Itis made by péssing ethene into

an’ inert solvent (usually an aromatic hydrocarbon) containing a suspension of

triethylaluminium and titanium(TV) chloride as caralyst,

A dilute acid is added after polymerization and polyethene filrered off. This is called

the Zeigler process.

(i) (CH;CH, )< Al + TiCl

/Aromatic hdrocarbon
(ii) dilute acid

- At
TLHZC = CHZ —> "‘CH2CH2 -

n

High density poly(echene) is more rigid than low density poly(ethene) and is used: -

“ . For making kirchen ware,. food boxes, bowls and buckets

e Making good quality mouldings including bottles, etc.

(ii)y  Poly(propene)

Poly(propene) can be used in place of poly(echene) due to the advantages it has over
poly(ethene). It is lighter, tougher and has a higher melting point than poly(ethene).
Poly(propene) has a high rensile strength that enables it to be pulled to make tough
fibres.

Poly(propenc) is made by passing propene under pressure into an incre solvent (heprane)

which contains a trialkylaluminium and a ticanium compound.

CHy
ARy +TiCl, \
FLCH]CH = CH'_{ » —CHCH'_J_ -
_ 100°C, 10 atm 'n

The polymer is used for:
+ Making ropes, carpets and boteles.

» Making packaging muateridls.

Dewvstifving Organic C hewistiy
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A simplified, well elaborated and illustrative appraa&/: o Ofganit: Chemistry

(iii) Poly(phenylethene)
Poly(phenylethene) is also called polystyrene. It's free radical polymerization is done by

using di(benzoyl) peroxide as an initiator at a temperature of 85-100°C

HC = CH, . {CHCHZ}
: n
” |

di(benzoyl)peroxide initiaor

85 —100°C N

The uses of poly(phenylethene) include: R
s Making thermal and electrical insulators |
» Making light weight packaging materials
e Making household goods like egg boxes
o Making lining material for refrigerators
» Making theatrical properries |

» For dCCDI&tiVC pUrLpOsEs crc.

(iv) Poly(chlo_roethéné) | ‘
It is also called polyvinyl chloride (PVC). Poly(chlordethéne) is formed by hearing
chloroethene in an inert solvent with di{benzoyl) peroxide to initiate polymerization.

. . - N
nCH, = CH cll(l::anzoyl)ptc:rnxlde> ZCH,CH -
rleat - in

Cl Cl

PVC is a very tough polymer. A plasticizer is usually added to soften it. The polymer
is also easy to colour.

[t is also resistant to weathering, fire and chemicals and a good electrical insularor.

Uses of Polyvinyl chloride (PVC)

»  Manutacrure of plaszic raincoats, curtains, fueniture coverings, water piping and
guttering, and floor coverings.

¢ Asan insulator for cables.

e Manufacture of ardificial leather ¢.g. car upholstery.

» Makin '

oo
oo

ramophone records, ecc.

(v)  Poly(methyl 2-methylpropenoate)




i
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A simplified, well elaborated and illustrative approach to Organic Chemistry

This polymer is also called Perspex, plexiglass or Diakon (in its powder form). It is

formed in the same way as poly(phenylethene).

H3
i id
nCH, = CCH, di(benzoyl)peroxide CH, ;]_

COOCH, Heat CH,00¢

Perspex is a light, strong and transparent plastic.

It has a variety of uses although most frequently used as replacement for glass.

The uses include:

. Packagmg

» Making aeroplane windows, lenses and co rrugated roof lights.

{vi} Poly(tetraﬂuoroetheue) — (PTEE)

. This is also called Teflon or Fluon. It is made by heating tetrafluolroethene under

- pressure in the presence of ammonium peroxosulphate as a catalyst.

nF,C = CF, (NH,,,)Z:SEDB cataiyst} %—-CFZCFZ _
: 3 i
Teflon has a high sofening point of 327°C and very stable at remperatures in excess of
ig &p ry p |

400°C. Iris aléo‘highly resistant to chemicals and has a low coefficient of friction.

Uses of Teflon include:
o Making seals and gaskers.
» Surface coating for cooking equipment.

» Making low friction bearings.

(vii) Poly(propenonitrile)
This is also called Polyacrylonitrile or Orlon. The equation For its formation from the

monomer (propenonitrile) is as shown below:

RCH, = CHON peroxide initiator N -CHZCH _

CiN

n

The polymer is used for making cloches, biankets and carpets.

Devystifying Drgaie Chentistiy
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A simplified, well elaborated and illustrative approach to Organic Chemistry

(viii) Rubber
There are two forms of rubber namely;
o Natural rubber.

o Artificial / synthetic rubber

(a)  Natural rubber

Raw rubber is obtained from Latex, which is an emulsion of rubber particles in warter

- “found in the bark of many tropical and sub-trqpical"&eés.

The Latex extrudes from the bark when the tree is cut. The raw rubber is the coagulated

by adding ethanoic acid.

Natural rubber is also called polyisoprene and is a polymer of the monomer whose

IUPAC name is 2-methylbura-1, 3-diene (also called [soprene).

CH] CHJ

i : t 4 :3 T
nCH, = CCH = CH, leeglar catalys _CH,C = CHCH, —
? — methylbuta — 1,3 —diene -

1

Nartural tubber is not.strong enough and not an elastic enough material for use. It

softens and becomes sticky on heating. On cooling it becomes hard and briwtle. These

problems can be largely solved by a process called vulcanization.

Vulcanization of rubber

The raw tubber is heated with up to 8% sulphur. The sulphur forms cross-linkages
between neighbouring polymeric chains of rubber. Accelerators of vulcanization
are used to increase the rate of combination and to allow the process take place ara
lower temperature.

The accelerators may be organic or inorganic

Poly(2 — methylbute — 1.3 —diene)- R

A
!




Il
i

A simplified, well elaborated and illusirative approach to Organic Chemistry

. Vulcanized rubber is better for use than natural rubber because;

Hlustration
H; (I3H3
~CH,C = CHCH,CH,C = CHCH,~ Natural
rubber
~CHaG = CHCH,CH,C = CHCH,~
CH; CH,
Suip'hur
heat
v |
CH, CH,
~ CHC = CHCH,CHC = CHCHa~  yyicqnised
3 g = rubber
~ CHC = CHCH,CH,C = CHCH~
CH, CH,

o It has a greater ensile stréngth.
o [tis more durable

o [t is more elastic.

(b)  Synthetic rubber
Synthetic rubber, also called Neoprene is the polymer whose [UPAC name is

poly(2-chlorobuta-1, 3-diene), and is made from the monomer, 2-chlorobuta-1, 3-

diene.

Neoprene rubber is resistant to organic solvents and is strong.

However, it is more expensive to produce than nacural rubber. During polymerization,

potassium persulphate is used as a caralyst

€l Potassium persulphate ¢

nCH, = CCH = CH, injtiator ___,  —CH,C = CHCH, —
) s mn

" 2 — chiprobuta — 1.3 — diene - .
Poly(2 — chiorobuta - 1.3 — diene)

Uses of rubber

Deanystifving Organde Chemishry
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* Making coverings for underwater cables,
o Making golf balls,

e Making car tyres.

e Making shoe soles.

¢ Making waterproof boots.

* Making hoses and gaskets etc.

11.4.2 'Condensation Polymerization

This is the type of polymerization in very many molecules of two different

‘bifunctional monomers Jom together to form a large molecule with loss of small

molecules such as water, ammonia, methanol carbon dJcnﬂde and hydrogen
chloride.

Examples of condensation polymers include:

(i) Terylene; also called Dacron or Fortrel

Nylon 6, 6 :

1u) Nylon 6, IU

iv):  Bakelite

—
=

(

(

(v) Melamine

(vi)  Proteins

(vii} Lipid. ‘
(viii) Polyurethanes
{
(

ix) Silicones

x}© Wool

Derails abour structure, preparation, properties and uses of some of the condensation

polymers are described below:

(i)  Terylene
Terylene is also known as Dacron or Forrrel. It is polyester formed by che interaction

berween a dicarboxylic acid and a diol. Terylene is formed from two monomers:

(a) Benzene — 1,4 —dicarboxylicacid, HOOC—  —COQOH

- (b}  Ethane - 1,2 - diol, HOCH,CH,0H

EQUadon
- 0 0 *

nHOOC— _ —COOH + nHOCH,CH,0H h“ﬂ » =L+ —COCH,CH0— & py,0
— 24 e n




A simplified, well elaborated and illustrative approach to Organic Chemistry

An acid cétalyst is used in the above reaction and water molecules are lost.
Instead of benzene-1, 4- dicarboxylic acid, Benzene-1, 4-dioyldichloride can be used

and ethane-1, 2-diol. .
Equation

0 ' o _ 0
nCl—("f—©—%—c1 4+ nHOCH,CH,0H _—_’{E'—{Q%COCHZCHZO]J" + 2nHCl
. L n )

In this reaction, no.caralyst is required. Molecules of hydrogen chlor_ide are lost.

Another method is to use a methyl ester of benzene-1, 4-dicarboxylic acid which is

known as Dimethylbenzene -1-4- dicarboxylate and ethane-1, 2-diol. This reaction also

requires an acid catalyst.

70 0 h
LT + e S
nCH,0C— _ —COCH; + nHOCHZCHZDH——"*hZat —C— _ '~ COCH,CH,0~ + (2n - L)CH;0H

Mcthanol molecules are lost.

Polyesters have good thermal and chemlcal stabllu:y although r_hey can be hydrolysed by

alkalis. They can make permanent creages in Fabrics.

Uses of polyesters ¢.g. Terylene
» Making clothes

e Making ropes

s Making safery belts

(iiy Nylon 6,6
Nylons belong to a class of polymers called polyamides.

Nylon G, 6 is called so because it is made from two monomers, cach of which has 6

carbon aroms.

The monomers are
(a) Hexane — 1,6 — diamine, H,N(CH;);NH,
(b} Hexane — 1.6 — dioic acid, HOOC(CH,),CO0H

Equation

" Devystifving Orgaviec © Reasncatry
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A simplified, well elaborated and illustrative approach to Organic Chemistry

0 0 :
It Il il I k1
n ‘ ;

Similarly, hexane-1, 6-dioyldichloride can be used instead of the dioic acid as monmer.
: 0 0 0 0
nH,N(CH,)sNH, + nCIOC(CH,),Locl ——> {NH(CHZ)GNH C (CH,), C ot 2HCl
In this case, hydrogen chloride is eliminated instead of water.

Nylon 6, 6 is greatly versatileA and its manufacture is done at a low cost. Ir is also
insoiublg in cqmmonﬂ solvents, has a melting point of 263°C‘, strong, ‘EO‘ug.h, rigid and
resistant io chemical atrack. - |

1tis used for:

» Making fishing nets, bottles, ropes and clothing.

s Making sutures, gears, unlubricated bearings and tarpaulins.

(i) Nylon 6,10

Nylon 6,10 is called so because it is formed from a diamine with 6 carbon atoms and a

dioicacid or a dioyldichloride with 10 carbon atoms. Therefore, the monomers are;

(a) Hexane — 1,6 — diamine, H,N(CH,);NH, .

(b) Decane — 1,10 —dioic acid, HOOC{CH,)gCOOH

jsuuedswe) [y | |

Eguatic')'n
d 0 - g . 0O
nH,N(CH,)NH, + _nHOC(CHz}B&OH ——> ~NH(CH,)¢NH C(CH;)s C— + (2n - 1)H;0
) : .
Stmilarly, hexane-1, 10-diovldichloride can be used instead of the dioic acid as monmer.
0 0 T O 0 .
| il :
nH;N(CH;)gNH; + nClOC(CH,),COCI —> — NH(CH,)gNH C (CH;)}g C— + 2HCI
o n o,

[n this case, hydrogen chloride is eliminated instead of water.

Nylon 6,10 has properties similar to Nylon 6,6. Nylon 6,10 is useful in making

synchetic bristles.

(iv)  Bakelite

This is a condensation polvmer formed from phenol and methanol.

K. J. Jobs & NN HYPER
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A

It is used for making switches, electrical plugs, radio cases, fuse holders and doors

handles.

11.4.3 Differences between addition and condensation polymerization.
Addition polymerization Condensation Polymerization

Involves one type of monomer | ‘ Involves two different types of monomers

All atoms of the monomer form part of Some aroms of the monomers are lost in

the polymer form of small molecules

‘.-Empmcal formula of polymcr is r.he safiie

Empirical formula is different from . the

.as. that ofmonomer constituent monomers

‘Monomers :usually” contain at least a Monomers do not have cirbon- carbon.

cabon-carbon double bond | " double bonds.

J. Jobs & N.N. Hyper
CamScanner

‘Molecular weight of polymer is an | Molecular weight of the polymer is notan
mtegrai mulnple of [hc molecular weight l inregral multiple of molecular weight of

‘of monomer L " lany of the monomers.

11.4.4 Classes of Polymers S

Polymers can be classified as natural or synthetic.

(a) Natural Polymers
‘These are naturally occurring polymers not made by man. Examples are summarized
in the rable below: |
Type of natural Examples Monomer(s) Uses
polymer
Addition

DEMYSTIFYING Organic C'bcmi:ﬁ

natural | Natural tubber  2-Mechylbura-1, 3-diene Making car. tyres, shoe

polymers ! sols, golf balls, erc.
Wool Amino acids. Making' clothings,
blankets, woolen
Condensation | carpets eic.
natural polymers ~ Cortron Cellulose making clothes, bed

sheets, paper, etc,
Sitk Amino acids Making clothes, :

beddings, etc.

Dearyyll fvi g Organcc Cheawiistry
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: eth_ax_;ol, as an_lr_nal fdpd, ‘

Manufacture
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(b)

Synthetic polymers

]
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=

L

0

&
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=

o
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These are man-made polymers. Examples are summarized in the table below:

2 K. J. Joby& NN, HYPER

. Type of artificial Examples Monomer(s) - Uses
polymer : o
Addition’ synthetic | Poly(ethene)- Ethene ‘Packaging,  making
| polymers SR ' ' pIastlc bags, buckers,
“| Poly(phenylethene)  Phenylethene — Mé.king p'aékaging
{polystyrene) - materials, egg boxes,
etc.
- pPo y(chloroethene) ‘Chloroethene ~~~ Plastic rain  coats, | ~
(PVC) cuftains',,-in'sulator for
S g "35‘-:(:':ibie's;--c-tc.
Making lenses,
Perspex Mechyl-2-methyl-propenoate aeroplane wind‘ows,
corrugated rooflights
etc. |
Teflon Terrafluroethene Making seals  and
paskets etc
! Making car cyres, shoe
i Synthetic rubber 2-Chlorobuta-1, 3-diene '
! - ) soles, golf balls. erc.
Terylene (Dacron) Erhane—l.j’.,—c?iol | .& Making clothes,
Condensation Benzene-, 4-dicacborylic acid ropes, safety bels, erc
synthetic polymers  Nylon 6, 6 Hexane-1, 6-diamine ~ Making fishing nets,
Hexane-1, G-dioic acid  bortles, ropes,
c[é[l:lings. sugures, erc. |
| Hexane-1, G-diamine %
' Nylon 6,10 Decane-1, 10-dioic acid ;

e

=
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|

0

holders etc.

plates, etc

Bakehte . Phenol & mer_hanol Makmg - switchies,
: ERR  electrical plugs, fuse

Melamine Methanal & melamine Making rtable ware,

11.4.5 Fibres

Some polymers can be classified as fibres.

Fibres are polymers which can be made into thin, strong threads that can made
into thin, strong threads.

Fibres can also further be classtﬁed as natural or synthetic fibres. Example are

summarized below. Their uses, properties and monomers from which they are derived

-+ -have already been discussed. .

" Natural fibres  Synthetic fibres
Wool o ‘ ‘Nylon 6,6 -
Cotton : Nylon 6,10

- Silk ‘ . Poly(propenonitrile)

These fibres are, used in the textile industry

1146  Plastics

A plastic is a polymerized organic solid substance of a high molecular mass which
at some time in its manufacture can be shaped to flow.

Plastics can be moulded into required shapes and for manufacture of a wide range of
substances. |

Plastics are widely used to manufacture many substances because of its properties. These

include roughness, resistance ro water and corrosion, ease of moulding, colour change

and insulation to electricity and heat.

The properties of plastics can be modified by the following substances:

(i) Plasticisers

These compounds, for example esters of benzene 1, 2, - dicarboxylic acids with long
chain alcohols, are added to PVC o make it softer and a more easily worked material.
(ii)  Dyes and pigments

These are added to give plastic colour.

(iii)  Filler

- Ds?.uwsﬁf{vcng- Qrgeniney Chesnigory

. Jobs & N.N. Hyper
CamScanner

DEMYSTIFYING Organic Cb:mi.s‘rﬁ




Jauueaguwien) E

A simplified, well elaborased and illustrative approach to Organic Chemistry

25| K. J. Jobs & N.N. HYPER

This increases the bulk of the plastic, makmg it less expensive without altenng its
desirable properties.

There are two types of plastics namely; thermosoftening plastics and tberma;ettmg
plastics,

, (a) Thermosoftening plastics-

These are also ca.lled thermoplast1cs

These are plasmcs Wthh become soft when heated hence can be remou[ded

: Thermoplasucs easily soften on hearing because they consist of long polymer chains

held by weak intermolecular forces which require anly small changes in temperature to
overcome. Examples of thermoplastics include:

(i) Poly({ethene) ‘

(i)  Polyvinyl chloride

(111) Poly(p:ropene) :
(

1v) Perspex

(b) Thermosetting Plastics

These are also called thermosets.

These are plastics which contain a three-dimensional network of bonds and are
moulded during the polymerization stage of their manufacture and cannot be
softened to be remoulded on heating.

These polymers require very strong heating to bring abour any form of chemical change.
This is because the three-dimensional structure in them has chains that are cross-linked
and held by strong covalent bonds.

Examples of thermosets include:

(i) Bakelite

(i)  Melamine

-(iii)  Polyurechanes

(iv)  Vulcanized rubber
(v)  Epoxvresins

(vi)  Glvpral resins, etc.

ll
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Differences between thermoplastics and thermosets

Thermoplastics Thermosets

waal’s forces of attraction ~ .| covalent bonds
They have linear polymeric chains - The polymeric chains are cross- hnked
1 Thermoplastics can be recycled  I'Thermosets cannot be recycled

Have low melting point : Have high melting

Soften on heating and can be reshaped | Not easily softened on heating hence
o  cannot be reshaped ,
Polymerlc chains held by Weak vander | Polymeric chains are held by strong

| Are soft and flexible Are hard and brittle

Effects of Plasncs on the environment

Plastics are non- -bio degradable hence their poor disposal to the environment leads

' envtronmental pollution. When some plastics are burnt, they form rtoxic gases ltke

hydrogen chloride from PVC, hydrogen cyamde from poly(p ropenomtrlle) These

problems can most effectively be overcome by recycling.

11.5 End of topic assessment exercise

L. Ethanol can be formed by fermentation of molasses.
{a) () Name two other raw materials from which echanol can be
produced by

fermentation using molasses.
(i)  Write equations to show how crude ethanol formed in (a) above.
(b}  Describe how 100% (absolure} ethanol can be produced from crude

erhanol formed in (a) above.

(c}  Write equation(s) to show each of the tollowing compounds could be

abrained from erhanol.

(i)  Polythene

Desnviltfring O ';_;}a-n'd ¢ Chewistry
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(i)  Ethoxyethane.
Vegetable oils have great economic and social importance
(a) . (i)  Explain what is meant by the term vegetable oils.

(i)  Name two sources of vegetable oils.

(iii) Describe how vegetable oil can be obtained on a large scale from
one of the sources you have named in (a) (i) above. (Technical
details are not required)

(b) (i)  State the name given to the reaction leading to the formation of
soap from oil. | |
(i) Write a general equation for the formation of édap from oil.

(i) Outline how soap is manufar:tii?;zd- (Technical details not

required).
Complete the followingequations and give the [UPAC name of the major organic' -
. Catalyst
(i) nCH, = CCH = CH; >
cl ¥
Catalyst
() - nCHg:C_H; CH; >
CH = CH, ._
AN Catalyst S
(i) n/\\ " heat
X
(a) (i) - Srate the main difference berween fars and vegetable oils.
(i)  Name any one source of vegerable oils.
(by (i) Define the term soap.
(i)  State a chemical name of any soap you know.
(c) (i)  Briefly describe how soap can be prepared from any vegerable oil.
(i)  When 9.5¢ of an oil derived from C;5H;;COOH (hexadecanoic
acid) was boiled with sodium hydroxide, soap was formed.
Calculate che mass of soap formed. .
(iit)  Srate rwo uses of the byproduct farmed in (i1} above.
(d)y (1) Explain how soap removes dirt from a fabric.
(i)  State the difference between a soap and a soapless detergent. _
- (it)  State one advantage and one disadvantage of a soapless detergent

Qver 50ap.

(a)  Distinguish berween soap and soapless detergent.




A simplified, well elaborated and illustrative approach to Organic Chemistry

{b)

(c)
(d)

Using equations only describe how an alkylbenzene sulphonate can be

prepared from dodecan-1-ol.

Briefly explain the cleansing action ofa soapless detergent.
State one:

()  advantage of soap over a detergent.

(i)  disadvantage of soap over detergent.

Soap was prepared form a fat derived from hexadecanoic acid,

()
(i)
(i)
(a)
(b)

©

Explain briefly how soap is formed from the far.
Write the equation leading to formation of soap.
Calculare the mass of soap formed.

Name any two sources of vegetable oils.

ADescribe briefly how vegetable oil can be obtained on a large scale from

one of the sources you have named in (a). ,
Soap was prepared from 19.0g of il formed berween hexadecanoic acid,
and glycerol. o .

(i)  Write equarion for the reaction leading to formation of soap.

(ii) Calculate the mass;,’of soap formed.

Perspex is a polymer of structure:

CH,

"'CHZ C -
in

COOCH,

Name the reaction leading to formation of Perspex.

Wrice the structure and give the [UPAC name of the monomer used to

manufacture Perspex.

A solution conraining 3.3g of Perspex in 1dm® of benzone has an osmotic
pressure of 6,796 x 1072 acmospheres at 25°C. Calculare the:

(i) Molecular mass of perspex.

(ii) l\u’alue of n

(iii)  State one application of Perspex

Explain what is meant by the term “condensarion polymerizarion”.

Nylon-G. 10 can be made by reacring hexane-1, G-diamine and decanc

diovldichloride.

Write the structural formula of:
(1) Hexane- 1, O-diamine

(i) Decane diovidichloride

Deviystify o Orgpounce Chesndd
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(iii)y Nylon-6, 10

(c)  Srate one use of nylon-6, 10.

10.  The osmotic pressure of a solurion containing 1.4g of a polymer per 100cm’ of
a solution is 1200Nm™ at 25°C.
(a)  Calculate the relative molecular mass of the polymer.
(b)  If the molecular mass of the monomer is 28, determine the number of
monomers in the polymer. | |

“11. (a) Neoprene, is a synthetic polymer which has the following structure

Cl"
\ .!:J
\ Jn
. ()" Name the type of polymerization reaction. which leads rto

formation of neoprene.
(i)  Name of the monomer from which neoprene is formed.
(b)  When 350g of the monomer was polymerized 9.89 x 10 moles of

= -+ © neoprene was formed. Calculare the relarive molecular mass of neoprene.

i

(c}  Stare one use of neoprene.
12. (a) DLstmgLush berween thermoplastics and thermosetring plasrics. R K

B (b)  For each of the following polymers write the structure(s) of the

monomer(s) from which they were synthesized.
& Polymer Structure of monomer
3
L l
O - .
= ~CH,C = CHCH, -
= - . n
1]
= .

0 - 9

~(— . —COCH,CH,0~

.n

() A solution conmaining 1.00g of polyphenylechene in 100cm’ of benzene
is found to have an osmoric pressure of 59 Nm* ar 27°C. Calculate the
average relative molecular mass of polyphenyiethene.

13.  Chloroechene, hexane-1, 6-dioic acid and hexane-1, 6-diamine are monomers
for two polymers.

(a) Define the term polymer

(b)  Wreite the struccural formulae of:

K. T Joby& NN HYPER
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(i) Chloroethene

(i) Hexane-1, 6-dioic acid

(iii) Hexane-1, 6-diamine

Write the: _

(i)  Scrucrural formula of the polyrﬁcr and type of polymerization
undergone by chloromethane.

(i)  Name and strucrural formula of polymer formed from hexane-1,
G-dioic acid and hexane-1, G-diamine.

State one use of each of the polymers in (c) above.

Name one natural polymer formed by the same reaction as:

() The polymer in (i) above.

(i) The polymer in (ii) above.

Natural rubber has the following structure

(e)

( | \.

[ CHZC = CHCH,CH, G = CHCH, —
CH, . CH,

<0

- Write the structure and name of the. monomer of natural rubber.

(i)  Name the type ofpoiymerlzatxon by which natural rubber is
formed.

(i)  Give a reason for your answer in (b) (i) above.

When 135 of the monomer was polymerized, 584 x 10~ moles of natural

rubber was formed. Calculate the relative molecular mass of natural

rubber.

Explain whar is meant by the terms:

{1) Addition polymerization

(iit  Condensation polymerization

Natural rubber is a natural polymer formed by addition polymerizartion.

Write the structural formula and name of che monomer of natural rubber.

One stage involved in the processing of rubber is vulcanization.

(i} Describe how vulcanization is carried out.

(i)  Whar is the effect of vulcanization on the propertles of rubber?

{iity  Give one use of rubber. ‘

Write che scructural formula and name of the monomer of syncheric

rubber.

Polyphenylethene is another polymer tormed by addition polymerization.

) f’e;vl-liy".ﬁf},mlu; SRI: PR RLNN Y Che-n'u}&flfy
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]
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(f)

6. (a)

o

rll.7."' (a)

(b)

,_.
Co

{a)

(d)

K. J. Joby & NN, HYPER

{iv

Werite equations to show how polyphenylethene is prepared starting form

benzene.

Nylon 6,6 is also a polymer formed by condensation polymerizarion.

(i)  Write the structural formula(e) and name(s) of the monomers of
nylon 6,6.

(i)  Write the equation leading to formation of nylon 6,6.

- Teflon, which is used in making non-stick utensils is an addition polymer

whose synthesis is represented by the equation below:

\
CF,CF, =

nF,C = CF, .
fe Jn

H;0 under pressure- -
(NH,);5,0; catalyst

What is meant by an addition polymer?

3.0g of Teflon were dissolved in 2 litres of solvent X at 25C. Theé osmotic

" pressure of the resultant solution was 247.9Nm™. Calculate the value of

n is the formular obf Teflon.

Neoprene rubber is a polymer with the strucrure.

Cl
; 1.
+CH,C = CHCH, =
L Jn .
(i) Name the type of reaction by which neoprene is formed.

(i) Write equarion leading to formarion of neoprene rubber. (Indicate

condition(s) for the reaction)

3

A solution containing 28.76gdm™ of neoprene rubber had an osmoric

pressure of 0.23 atmosphere at 27°C. Determine the.

{1) molecular mass of the polymer.

(i)  number of monomers in the formula of the polvmer.

Soap can be prepared from a vegetable oil or an animal fac,
Briefly describe how an oil can be extracted form a natural source.
Briefly describe how soap is prepared. |

i Write the equation for the reaction leading o formartion of soap.

)
i
i
Briefly explain the deansing action of soap.

i)

Distinguish berween soap and a non-soapy detergent.

(
(
(
(
(
(

i
iii)  State one advantage and one disadvaniage of using soap.
iv}

)

i) Starting from duedecan-1-ol, write equatinas to who how you
would prepare a soapless derergent.

(i) Distinguish berween addition and condeasacion polvmerization.
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(ii) Wfite equations to show how the polymers, Perspex, Terylene and
nylon 6, 6 are formed.

(¢)  State the difference between thermosetting and themosoftening plastics.
19. The structure of a polymer, G, is, '

ok

The osmotic pressure of a solution conraining 5.5gdm™ of G in benzene is
106.39 Paat 20°C.

| S5

(i} Calculate the relative molecular mass of G. e

i - (i)  Determine the number of monomers that formed polymer G. E E
: 20.  (a)  Distinguish berween addition and condensation polymerization. b ;'E
(b)  The structural formulae of polymerS' P, Q, Rand S are given below. éﬁ

{cH2 — CH — CH; — CH — CH,

] /K

8 S
— o ' 0. H-

2C— (CHy), = ciN—(CHz)B—N—
.n

-~

R: —CH,—C=CH—CHy, —CHy —C = CH— CH, — CHy — C = CH — CH, —
e N Jl n
CH, CH, CH,
5 —0— _ —00(CH,)3C0—
' . R

DEMYSTIFYING Organic Cbemimyﬁ

[n the table below, wrice the structural formutla of the monomer(s) in each

case and name the tvpe of polymerization that lead to the formation of

each polymer.

Structural formula of monomer(s) Type of polymerization

(.n";:J(O’_J

y  Giveuseof Q

g
Devtyitifying Orgaue Chests by P
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21.

22.

(ii)

R exists as narural rubber. State how it is treated before putting it

to industrial use.

Nylon 6,6 is a synthetic polymer made by condensation polymerization.

(a)

(®)

(c)

Explain the terms:

(i)
(i)

(ii)

Synthetic polymer

Condensation polymerization

Write the structure of nylon 6,6.

Give one example of a natural polymer formed by the same type
of reaction as Nylon'6,6. | |

State the monomer of the polymer given in'b (ii) above.

Name one soapless detergent. .

Using - available matenals, write equano ns to how how the
derergent named in (b) (i) above is prepared.

An organic compound Q, consists of 38.7% Carbon, 51.613%
oxygen and the rest being hydrogen. The density of Q is 2.7602g -

~ per lirre av s.t.p. Calculare the empirical formula of Q.

Determine che molecular formula of Q.

Qs oxidized by. nitric acid to form a dioic acid and then carbon

dioxide and water.

Explain why Q boils at 197°C buc ethanol boils at 75°C.

Q reacts with a dioic acid Ko form a polyester. Name K and draw
the structure of the polyester.

Name one use of the polyester in (c) (i) above.

Write equations to show how the following conversions can be effected.

KjfobserN HY'PE’{ |
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{CHCH%; COCH, -

CH,CH,

(b) | from ethyne
Sl

SO;Na
CH, by
- . ‘ ' ' \K,___. _ tn
(c) H;C —CH™ ) SO3;Na* from benzene 2%
=z
me
-
ylon 6,6 trom Cyclohexano
(d) Nylon 6,6 from Cycloh 1 <0
CH; E
(e) Propanolto —~CH — CH, ~
L oa, ) - Jn g
| G
CH, 3
= PN 'g
6 to Terylene S
\‘ - O
N S
COCH, E ,
=
<
3
o
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