Hydrocarbons -

Hydrocarbons are essential in our daily lives. We all use it in some way every day. Plastic,
for example, is a petrochemical industry product that is vital to our daily lives. Plastic is
now ubiquitous throughout the world! Everything, including your table, chair, grocery bags,
straws, etc

Topic Notes

O Classification of Hydrocarbons and Aliphatic Hydrocarbons

Aromatic Hydrocarbons and Carcinogenicity
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CLASSIFICATION OF
HYDROCARBONS AND ALIPHATIC
HYDROCARBONS

'TOPIC1
CLASSIFICATION

Bosed on the wpes of carbon-carbon bonds present
in hydrocarbons they are clossihed wnder three
categories:

(1) Saturated hydrocarbons

(2) Unsaturated hydrocarbons

(3) Cuyclic hydrocarbons
(4) Aromatic hydrocarbons

Saturated Hydrocarbons

They contain carbon-carbon and carbon-hydrogen
single bonds. If carbon atoms are joined together in
an open choin manner through o single bond. then
that hydrocarbon s called an alkane.

Unsaturated Hydrocarbons

They are hydrocarbons that hovwe double or wiple
covolent bonds between adjocent carbon atoma
The termn ‘unsoturoted” meons more hydrogen

atoms maoy be odded to the hydrocarbon to make

it sowroted (te. consisung of all single bonds) The
configuroton of uwnsoturoted carbons mcludes
stroight chains such os alkenea and olynes as well

os branched choine and aromaotic compounds

Cyclic Hydrocarbons

They are carbon chaing in a ring structure. They may
contain multiple carbon atoms and may have single.
double or triple bonds. The ayclic hydrocarbons have
saturated smngle rings Bridged aycloalkanes cantain
one or more pogs of carbon atoms common to two
or more rings The inclusive terma for any cuclic
hydrocarbons hoving any number of such mulople
bonds are cycbc olsfins or cydic acetuylenes.

Aromatic hydrocarbons are circularly structured
orgonic compounds that contoin sigma bonds
olong with delocolized p: electrons. They are also
referred to os arenea or aryl hydrocarbons. Aromatic

hydrocarbons are o special type of ayclic compound.

{ Hydrocarbon J

Aliphotic
Hydrooarbons
Allcydic Cudi
C e G Hgdmn::r‘l::mns
Hydrocarbons
|

Sowrated Unsaoturoted
Hydrooarbons Hydrocarbons

MAromnatic
Hydmocarbons

Benzoid Non-benzoid

=) =) =)

(assHicanion of hydrocarbons
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'TOPIC 2
ALKANES

These are saturated open-choin hydrocarbone
consisting of carbon-carbon eingle bonds. Methaone
is the first member of the olkane fomily. Itis found in
coal mines and marshy ploces. These hydrocarbons
are inert under normaol conditions because they
do not react with ocids. bases and other reagents.
Hence. they are called paraffins (Latinc Parum: Little.
affins: affinity). General formulo of alkanes: C.H;., 2
where n stonds for o number of C-atoms and
2n + 2 stands for the number of hydrogen atoms
in a molecule. When we reploce one hydrogen
from the methone molecule with carbon. the tetro
volency of carbon should be satisfied by hydrogens.
Eg. The ethane molecule C;Hg can be formed by
replacing one hydrogen with o carbon atom in the
methane molecule CHa

Structure of Alkane

Each carbon of alkanes is sp® hybridized with a
tetrohedrol structure. The carbon aotom lies at the
centre and the four hydrogen atoms lie at the four
cornere of o regular tetrahedron. All the C-C aond

C-H bonds ore joined tagether by o single bond
with bond (o bond) lengths of 154 pm ond 112 pm

respectively All the H-C-H bond angles are 109.5°

Structure af methane

Nomenclature and Isomerism

We hove already leornt about the nomenclonre

of different closses of organic compounds in Unit B.

x>

The names of all alkanea end with -ane. Alkones are
the simplest fomily of hydrocarbone - compounds
containing carbon and hydrogen only Alkanes only
contain carbon-hydrogen and carbon-carbon single
bonds. All of the allkones which contain four or mare
carbon atoms show structural isomernism. Thus these
compounds show chain isomerisrn. The first three
alkanes (Methane. ethone ond propone) have only
one structure but other higher olwnes haove more
thon one structwre

The four carbon atoms CyH;g can be joined either m
o continuwous or with a branched choin manner in the
fallowisng two ways

H H H H H H H
weddly w4 L L 4
bAoA Ji H_l::_H 5

H
Butane (C_H..) 2-methyl propane (CH,o)
(Conmtinuous chaoin alkane) (Branched chain alkane)
(bp 273 K) (bp 261 K)
The [camers of CH;p

6} Important

= A substituent [s one or a group of atoms that replaces
(ene or more) hydrogen atoms on the parent chain of a
hudrocarbon. thereby becoming a molety in the resultant
(new) molecule. Theze groups or substtuents are lwrownmn
as aliyl groups as they cre derived from alkanes by the
remonol of one hydrogen atom.

The general formula for allagl groups = C_H4., ¢

Let’s consider the structure of C¢Hy 4 The five carbons
in CgHy3 can be joined either by continuous or
branched choin: represented as follows

Pentone

mopensmne

i
—H
HiHi
| I
L 6. ok o
H HHH

H H H
I 11 |
H—C—CCCCH

b A A

TH

7N
HC  ToH,

lomers of CcHy 4

This phenomenon of huydrocarbons n which a
compound poseesses the same molecular farmula but
different etructures are lcnown os isomerism. Since the
difference in properties arises due to the difference in
their sttuctures so. it is called as structural isomers.
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pentane. isopentane and neopentane hove the some
molecular formula but different choine hence these

are lonown as chain isomers.

The CgHi4 has got five isomers and CyH;g has nine
and 75 isomers are possible for CygH;2

Example 1.1: Write structures of different choin

isomers of allcones carresponding to the miolecular
formula CcH, 4. Also, write their IUPAC namee.

Ans.
HHHHMHH H HHHH
| £ P L I ] Il%ll
HHHHHMH H H HH
—Heerne o,
2- Methyl pentane
(kohexane)

3-Meghyl pentane

il

H—C—C_C—C—C—H

LA A AT A
Gt H.C CH,

22 Dimethyl butane 2 3-Dimethyl burane

(Neohexane)

The posedle chain [somers of CH; .

A carbon atom is classified as primary (19). secondary
(2°) tertiary (3°) or quatemary (4°) depending an
the number of carbon atoms linked to it A primary
carbon atom is connected to no other carbon atom.
as in methane. or to only one carbon atom as in
ethane. Carbon atoms at the end of o choin are
always primaory. Secondory carbon atoms are thase
that are connected to two other carbon atoms Three
carbon atoms are attached to tertiary corbon. while
four carbon aotoms are attached to neo or quaternary
carbon

Exomple 1.2: Write the structures of different isomeric allayl groups carresponding to the molecular
formulo CcHy 5. Write IUPAC names of alcohols obtalned by attachment of —OH at different carbons of the

aliyl chain
Angs. . ..
S. No. Structure of - C¢H;y Group Corresponding Alcohols Name of Alcohols
fi] D‘I3—G‘|3—D‘|;—U‘|2—G‘b— G‘lg—a'lg—mg—m]—%—DH Penton-1-ol
(@ D—I;—EJ—I—CH]—CJ-I;,\—CHg G‘Ig—"l:]‘]]—c]'l]—c}i}—c]“j Penunn-2-ai
OH
(m) D—I;—D—I—;—?—I—%—D—lg D—Ig—D-lg—fI.'J-l—D-lg—CJ-lg Pentamn-3-al
| - OH
) CH, H, 3- Methyl-
I | butan-1-ol
Hy-CH-OH-CHy - (H3— CH - CH, - CH, - OH
V) OHs CH, 2- Methyl-
I | buron-1-al
Hy-H;-H-CHy - (Hy-H;-CH-CH;-0H
(v) CH, CH, 2- Methyl-
I I buton-2-ol
CJ-I3—D-I;--II‘,~CJ-I;:_ Hy-C-0HL,-04
I
OH
(va) Ha CHa 2.2- Dimethul-
I I propan-1
(Hy-C-CHy- (Hy-C-CH,-0H
| I
(H; CH;
(vun) CH, CH; OH 3- Methyl-
| I I | buton-2-al
Hy-H-CH-H, CHy-CH-CH-CH,
J_ — Lh
]T?EE‘.-DmE'EangH”
Get More Learning Materials Here : & m
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Table: Nomenclature of few Alkanes

'S.No. Structure and IUPAC Name

Remarks

o pv g
'CH, - OO - O -"o -,
(4 - Ethul - Z - methuylhexane)

Lowest sum and alphabetical
arrangement

{ﬁ) O (8]
M CH-C-0-0-C-CH, >
Bonmmyd pooddae

O
i

@ O, CHOH- O,

CH,-CH-CH,
(5-s=c - butyl - 4 - isopropuyl decane

P
aan e
‘H,
5 {2 2-Dmmethylpropud) nonane

20K, -C-0F = 2CH, ¢ 200,
(33 - Diethyl-5-=opropyl-4-methyloctans)

m-‘ﬂt-m-?*-'ﬂ*-ﬂt-’ﬂ*r’ﬂt-ﬂt-’ﬂ#

G G4 04,10 - T4, 01O TOL OO

Lowest sum and alphobetical
arrangement

cec is not considered while
arranging alphobeticallis
isopropuyl 5 taken os one ward

Further numbering to the
substituents of the eide chan

o |‘ooCoifoiio oo
(l}h':‘"] I

(% - Ethyl - 2 - methylheptane

Alphabetical priority order

Example 1.3: Write IUPAC names of the following
compounds :

(A) (CHy); C CH; C(CH1),
(B) (CH3); C(CyHy)
(C) tetra -tert butylmethane

Ans. (A) 2244 - Teramethyl pentane
(B) 33 — Dimethyl pentane

(C) 3.3-Di-tert-butyl-2_2.4 4—etrameathyl-
pentane

To write the comect stucture from the
given IUPAC mame. fust chopse the longest
choin of carbon atoms corresponding to the
parent alkane is writter. Then number it the
substituents are attached to the correct carbon
atoms and finolly valency of each carbon otom
is sotshed by putting the correct number of

hydrogen atoms. This can be understood by
writing the structure of 3—ethyl -Z2. 2- dim

(3) Attach ethyl group at carbon 3 and two
methyl groups ot carbaon 2

CIH-:
c-c-c-c-C

| |
CHy CHe

(%) Sotisfy the valence of each carbon atom
by puttng o requisize number of hydrogen

agtoms
(I}f:
m-f—fﬂ —al,— &y,
CH, OO
2.Eeinfe? 2uEmetiad pontone

Exaomple 1.4: Write the structural formulas of the
following compounds:

(A) 3,44,5 - Teramethylheptane
(B) 2,5 - Dimethylhexane

ethylpentane in the following steps: zr:‘:-m hﬂ&:;m >
| Ans. (A) F e

(1) Draw the choin of five carbon atoms

C-C-C-C-C
(2) Give number o corbon atoms

® =
== P =gl ‘G#—WE:,—\}I:—UH—‘E,—‘GH
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Example 1.5: Write structures for each of the
following eompounds. Why are the given nomes
incorrect? Write correct IUPAC nomes.

(A) 2 - Ethylpentane
(B) 5 - Ethul -3-Methuyl-heptane

Ans. (A) 043-30-[—4041—5043—5043
|
2CH;
|
H,

2-Etiagoentone

Longest chain s of sbx carbon atomns
and not that of five Hence. the comect
name is 3-Methul hexane

(B) Numbering @ to be started from the
end which gives lower number to
ethul group. Hence. the correct name
iz 3-ethyl-5-methyl heptane

- | b | a 2 =} T
A T I
CH. O,

3-Eimd Seemoting hepeane

Physical Properties
Some important physical properties of alkanes are
(1) Alkones are colourless and odourless.

(2) Alkones hoving 1-£ carbon otoms are goses
then from 5-17 carbon atoms they are Liquid and
olkanes howving 1B or more carbon atoms are
solid at 29BK_This = due to the presence of weok
van der Waools forces

(3) Boiling point increcses with the increasing
moleculor weight os the van der Waals forces
incrense with the increasing moleculor weight
Straight chain alkanes have o higher boiling point
than their structural sBomers.

(4) Melting point also increoses with increosing
moleculor weight because it ts diffiicult to break
the intermolecular forces of attraction between
higher olkones os they are generolly solids.
Even-numbered alkanes have better pocking in
the solid phose than the odd ones as they form
a well-orgonised structure which ia difficult to
brealk hence even-numbered olkanes hove o
higher melting point thon odd-numbered ones.

(6) Alkaones are generally insoluble in water as
they are mnon-polor molecules because of the
covalent bonds between C-C and C-H and also
because of the very enall difference between the
electronegotivities of carbon and hydrogen

(7) Alkones hove a lower density thon water. they
floot on water. Density increoses with an increase
i molecular mass.

Chemical Properties

Alkones are inert towards oads, bases. axadising and
reducng agents But they undergo the following
reactions under certain condions:

Substitution reactions

Hologena mitro groups. and sulphonic acid groups
can be wsed to substitute one or more hydrogen
atoms in olkones Such reoctions are known as
substitubon reactions Alkones undergo several
substtubion reactions like halogenation. nitration and
sulphonotion

Halogenation

Hologenation occurs when o substance is heated
to a higher temperature or whnen diffused sunlight
or ultroviolet radioabon i@ present. Nitrabon ond
sulphonation processes do not occur in lower allkanes.
Substitution reactions are those in which hydrogen
atoms in alkones are replaced with other hydrogen
atoms. For example

H, +C1:iiﬂ-kﬂ+HC1
Chicsameathone
H,-a+a,—0a,a, +HA
Dichlorametihane
CJ-L“CIj +CLJerHC13 +HA
Irichlorametihane
aHa, +Q, =00, +HA

Tetrochioromethano
O, -0H, + O, —- G, -OL,a +HA
wﬂw

Rate of reaction of olanes with different hologens
isH>0,>Br>b

Rate of replacement of hydrogens of alanes =
Fs2%51°

Fluoninotion iz too wolent
lodinabon = a very slow and

to be controlled.
reversible

reacton. It can be camed out in the presence

of odising ogents like HIO3 aond HNO,
CH, +L, _— Hi+H
HO,+5H —|/————= 3,+3HO

Halogenotion is done by o free radical mechanism. [t
involves three steps

(1) Insuation

(2) Propogaton

(3) Terminotion

(1) Initiotion: The reacton & wnitiated by the
homolusis of chlorine molecules in presence of
ght or heot. The bond is wealer than the CH
bond and hence iz easiest to breal.

Light
ClL. > 200
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(2) Propagation: Chlorine free radical attods the
methane molecule ond tokes the reaction in the
forward direction by breaiang the C-H bond to
generate methyl free radical with the formoton of

H-CL

The methyl radicol thus obtoined attocs the
second moleculs of chlorne to form CHyA with

the liberation of another chlorine free radical by
homolysis of the chlonne molecule

a-+«0lL—> HOe«-H,
ag+«ed —> HAa«a-

(3) Termination: The recction stops ofter some tme
due to the consumpton of reactants due to the
following side reactions.

The possible chain-terminatng steps are:
2Q1- —>
a-:-oi,— aia
2-04, —> CHH,

Though in (3). CHy — A. one of the products =
formed free radicols are consumed and the chain
is terminated. The above mechaonism helps us to
understand the reason for the formotion of ethane as
a by-product during the chlorinotion of methane

Combustion
Alkones completely oxadise to carbon dioade and

water with the evolution of large omounts of heat on

lreoting in presence of air or dioxuygen. Since a large
amount of heat is ewolved dwring the combustion of
alkanes therefore they are used as fuela

CHey + 205y — 00y + 2H.0p AH, =-890Idmol™

13
CHog + 50y =400, +5HO,

AH_ =-2875B4ldmol™

The general combustion equaton for any alane
19

CH +(3n2+1

The tncomplete combustion of olares with
insufficient amount of oir or dioxygen. carbon
black is formed. It is used in the maonufacture of tnk_
printer inic. black pigments and as filtera.

]O, —-n00,+(n+1)HO

nroeopiunn
CH_+0 = 5C,,+2HO,

& i ==t

Controlled oxidation

Alkones on heaoting with o regulated supply of

dioxygen or air at high pressure and in the presence
of euitable catalyst give different madotion products.
Quf523K

2CH_OH
T Eyorn

Adethanol

Eﬂ-lqm '3'031;}

BADLOY,
O, +0,,— 2 +HOHO+HO
aatmmml

20H O+, +30, —55== 3 20H 000H+ 2H,0

Ethanclc add

Alkanes do not undergo oxidation but alkanes hoving
the tertiary hydrogen atom are oxidized to alcohols
by potassium permangonoie

(CH)OH —==8 ,  (CH) COH
2amietihnlprepans Zurmathylpropoms 2.l
Pyrolysis

Higher olkanes decompose mto lower alkanes.
alkenes and other compounds when heated to higher
temperatures. Pyrolysis, or aadang, is o breakdown
reaction that uses heat to split into emaoller particles.
It follows a free radical reaction

> CHa + H
e 173¢ Pl 3 B
> CH, + CH,+CH,
Pyroliyziz of alltane

.ﬁ Important

= (1) Petrol £ a momure of hydrocarbons and s uzed as
firel In automoblles

(2) Petrol and lower fractons of petroleum are also
ueed for dry cleaning of clothes to remove greaze atains

(3) Preparation of o gas or petrol gas from kerozene
o or petrol involives the pyrolysis principle In the presence
of platinum, palladium or rickel Dodecane glves a mbiure
of heptane and pentene.

CH.  POPAYS. GH,+ GH_ + Other products
Dodecane 973 Heptare Pentene

Conformations

In alkones. the distribution of electrons in sigma
moleculor orbital @ symmetrical around the

mnternuclear wds of the C-C bond. Thus it permits

the possibility of free rotation about the C-C single
bond. The spatial arrangement of atoms in space that

ollows free rotation of groups around C-C bond axas

= called conformers or rotamers or conformational
BEOMEIE.

Torsional strain

It @ o weal repulsive interaction between the adjacent

bonds of a molecule due to which the rotation around
C—Cbond iz slightly hindered. The rotation around C-C

i not completely free. it is hindered by o emaoll energy
barrier which = due to the repulsive interaction with
odjacent bonds.

Conformatlons of ethane

Eoch carbon atom ie connected to three hudrogen
gtomz n the ethane molecule CoHg which has o
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single carbon-carbon bond. Keep one carbon atom
immobile and spin the other carbon atom around the

C—C axs using the ball and sticle model of ethane. An
infinite number of spatial armangements of hydrogen
are obtained with respect to carbon and hudrogen
which are colled conformotionol isomesrs. The
conformation in which hydrogen aotoms attached to
two carbons are close to each other is colled edipsed
conformation and in which the hydrogens are for
gport & known @s stoggered conformation. Other
intermediate conformotions are skew conformations.
All conformaotions hove the some bond length and
bond angles.

The eclipsed and stoggered conformotions are
represented by Sowhorese and Newmaon projections.

Sawhorse Projections

In this projection. the molecules are viewed along the
nnoleculor axas and projected on poper by drowing
the central C-C bond os o longer stroight lme. Each
carbon haos three lnes ottached to it correspondmg
to three hydrogen atoms. The lines ore inclmed at
an angle of 120° to each other. with the upper end
sbghtly tlted rowards the right or left-hand side
Sowhorse projections of conformations of ethane are
depicted in the following figure.

Eclipzed carformntian Stoggesed conformation

I |
Sowharse projectiona of ethane

Newmann Projections

The molecule s wewed at C-C bond head-on. in
this projection. The carbon atom nearer to the eye
15 represented by o point Three hydrogen atoms
attached to the front carbon atom are shown by
three bnes drown at an angle of 60° to each other.
A arcle represents the rear carbon atom (the carbon
atom owoy from the euye). and three shorter lines

b=
H
H
H H "
H H
H H
H (]

MNiegmon
puojection

Snuwhorer

prozectian

drown at an angle of 60° to eoch other depict the
three hydrogen atoms linked to it. The staggered and
ecbpsed Newmaon projections of ethane are shown in

the following figure.

o E
H H H H
60" rotation H
Deéhedrol angle
H H
J H
H 60 H
0--
Staggered Eclipsed
(lower energy) (higher energy)
Newman profection of ethane

Relative stability of conformations

In the stoggered form of ethane. the electron clouds

of carbon-hydrogen bonds are os far apart as
possible. Thus, there are minimum repulsive forces.
minimum energy. and momamum stability of the
molecule. On the other hond. when the staggered
form chonges into the eclipsed form. the electron

clouds of the carbon - hydrogen bonds come closer
to each other resulting in an incoease in electron

cloud repulsions To check the increased repulsive
forces. molecule will have to possesa more energy

and thus has lesser stabiling. As already mentioned.

the repulsive interacton between the electron
clouds. which affects the stability of a conformation.

ia called vorsionaol strain. The magnitude of torsionaol

stroin depends upon the angle of rotation obout
the C-C bond. Thss angle i= olso colled as dihedral

angle or torsional angle. The rotation of C-C is not
completely free. Therefare. staggered conformation is

more stable than eclipsed conformation

The potentol energy difference amaong the
confarmers of the ethane is about 3 lcal/mol or 125

Iddfmol colled torsional strain (or energy barrier).
this energy barrier con be overcome by goining

thermaol or lgnetic energy through intermolecular
collisions. Due to the small difference in the energu.
the two conformers are readily interconvertible and
thot's why it is not possible to separate the two
confonmotions of ethane.

Boll-and-Sock
model

Newman Sawhoree and Projection= Boll and Stick
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' TOPIC3 |
ALKENES

Alkenes are unsowrated hydrocarbons hoving at

leost one double bond between two carbon atoms

and they possess two huydrogens less than olanes
(C = O General formula of alkenes is (C, HaL The

first member of alkenes ia ethylene or ethene (G Hy)
which is an oily liquid that's why alkenes are also

lnown as olefins (oil forming).

Structure of Double Bond

The double bond in alkenes consists of one strong
sigma o bond and one weaok pi (n) bond due o the

head-on overlapping of sp? hybridised orbitals and
sideways overlapping of sp? orbitals of two carbon

atoma respectively. The double bonds (C=C) hove a
shorter bond length of 134 pm than the single bonds

C-O
The « — bonds are formed by poor overlopping of p
orbitals. thus the electron in the alkenes are loosely

p-p(a - bond)
HYN

RN Y

bound mobile electrons. These ollkenes can be readily
cuocked by electron-occepung reagents that are
electrophilic reagents. The presence of o weaker =
bond n oliene makes it unstoble when compared to
alkanes and thus olkenes can be easily converted to
alkaones by reocting with electrophilic rezgenta Bond
enthaolpy of the double band iz 8B1 kJ mol™ and the
(C-0O bond Enmutpg of bond is 348 kJ mol™".

=
Sk <
T

sp’ o - band Ethene

Orbital plcture of ethene

ms-}

- cdloud 217 H

0B\

(@

VA AN

) \
134pm 110 pm

®) ©

Orbital pictioe of ethene showing (a) = - bond. (B) = doud and (¢) bond angle and bond lengths

Nomenclature

The IUPAC nomenclaotwre of alkenes iz done by
selecting the longest chain containing the double
bond. Numbering is done from the end which is
nearer to the double bond. The IUPAC nomes of
simple alkenes are derived from the simple alkanes
only by replacing the suffix —one to —ene. The first
stoble member of the alkene series is C4H4 ethylene
(common nome) or ethene (IUPAC).

Table: Structure and IUPAC nomes of some alkenes

- Structure IUPAC Name
No
(1) | CH—(CH=0+ Propene
@ | CH—CH=CH—OH 2-Butene |
Q) | H= 2-Methul-
| 1-propene
CHsy

(4 | H=C04+—CH—CH,—(CH4 3-Methul-

| 1-pemene

G,

Srructure and IUVPAC names

Get More Learning Materials Here : &

Example 1.7: Write the IUPAC names of the

following alkenes.
A) (CH).CH—CH= c:-l—m,—cl:u
H—CH—H

CH,
B AN\
(C} CH:=C mm:
(D) CH,CH,CH,CH, CH,CH,

CH, - CHCH =c-m,-?-|cn,

CH,
Ans. (A) 2.8 - Dimethyl — 3.8 — decadiene
(B) 135.7 - Octatetraene
(C) 2-Propylpent — 1 —ene
(D) 4 - Ethul -2B - dimethyl — dec 4 - ene

Example 1.8: Calculote the number of sigma
bonds (o) and pl bonds () in the above structures

Ans. (A) abonds: 33 mbonds:2
(B) obonds:17. abonds: 4

(C) o bonds:23. abonds: 1
(D) o bonds:41. zbonda: 1
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Isomerism
Alkenes show two types of isomerisnt
(1) Swvuctwol ispmensm

(2) Geometrical isomerism

Structural Isomerism

Alkenes higher thon propene show stucturol womerns

ke choin and position isomera Bample Stuctural
isomers of butene (C/Hp) are:

H H
HHHH HH HH i |
1 1 1 1 1 1 11 H—C—C=C
H—CCC=C HCC=CLCH | |
(. ! | I H H
H H H H —
H—C—H
But-1-=ne But-2-ene 2-ethylprop
-l.gne

Structural konnerz of Butene

Stuctures first and third. and eecond and third are

exomples of choin isomerism whereas structures fust
and eecond are position isomera

Example 1.9: Write structures and IUPAC
nomes of different structural isomers of alkenes
corresponding to C¢Hyp

Ans. /\\/\ Peni-1-gne
/\/\ Pent-2-ene

/\]/ 2-MethySxn-2-ene
/Y S-Methuydbut-1-ene
/K/ 2-Methudbur-I-s==

Geometrical Isomerism

The double-bonded carbon atoms satsfy the
remoining valencies by joining with two atoms or
groups. By considering their linkoge geometrical
isomere can be of two forms nomelu: as- ond rans-

isomere. cis-isomers- in which the twoidentical groups
lie on the some side of the double bond whereos

trans-isomers are those in which the owo identical
groups lie on the opposite eides of the double bond.

5 5 5
CH, CH, CH, =
Ny s N #
cC=2=¢C cC=—¢c
b Y /X
H H H CH,
5
a=-But-2-=n= rans-But-2-=n=

Geaometrtcal lsomers representing the dpole moments

These two isomers differ in physical propertes

Trans-isomere are non-polor because they hove zero
dzpole moment For exaomple: the dipole moment of
e=—2-butene is 0.33D whereas the dipole moment of
pans—-Z2-butene s olmost zero because it is non-polar.
This can be understood by drowing geometries aof the
two forma as given below from which it is clear that
m the trans-2-butene the two methyl groups are
m opposite directions. Therefare, dipole moments of
C-(H, bonds cancel thus maldng the toans form non-
polor.

rans- form haos higher meltmg pomt than as- form
m cose of solids.

Geometricol or as-trans isomerism = also shown by
olkenes of the oypes XYC = OZ and XYC = CZW. They
can represented in two ways. where figure (0) B8 0 as
womer and figure (b) is a trans isomer.

X Z X Z
\c/ \c/

CI: |
C
i S o
(a) (b)
Geometrical somertam

Example 1.10: Draw cis- and trans- isomers of
the folowing compounds. Also, write their IUPAC

names: (A) CHCI=CHC (B) C;H{CCHy = CCH,C;H¢
Ans. H H H a
N\ N\ /
f—————
ST\

<\

c:&:-l_z-cﬁchlnruefzha'te trans-1_2-dichloroethene
eomers of dichloro ethene
i CH
C-,J'E\C=C/C;l'7: C:H:\C=C/ )
S ™ P il ™~
CH CH, CH,
a=-form trans-form

leomers of 3.4-dimethyl hex-3-ene

Example 1.11: Which of the following compounds
will show geometrical isomerism?
() (CHY,C=CH-CH;
@ CH1 = CEI'}
(u)) CgHCH = CH - CH,
(v) CeHsCH = CH - CcH;g
Amns, Suuctures (@) and (W) will show geometrical
isomerism as non-identical groups are bnked to
each doubly bonded carbon atom. In structures
and (). twao identical groups are attached to

one of the doubly bonded carbon atomsa hence
these will not show geometrical isomeriany
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Preparation
From Alkynes
Alcynes on partiol reducton. in the presence of
dihydrogen and paollodised charcoal pardaolly

deoctvated with poisons like sulphius compounds or
quinoline. give alkenes.

(1) Alkynes on reduction with this reagent give
cis—alkenes.

Reagent: Paorually deoctvared polladised
charcool

H.{J\ ft}l,
H—C eC—H,+H,; ja) !C==C\
H H

2- Butyne

as - 2 - Butene

(2) Birch reduction:
Reagent- Sodium in bquid ommonio

Allgynes on reduction with thizs reagent gives
rans— alkenes.

H CH,
CH,~C =C—CH, s H, Hafidc e C=C
V4 \
HL H

2- Bunyne

cnane-2-Butene

(3) Hudrogenauon of an olajne with Pd/ C and H4
gives the alkane

_ Pa/C
OH—C=C— O, ——-

> OH—O\—CH—OH,

H H
proceedasia )-=‘-(
HC O,

(4) Hydrogenation of propyne to propene

PyPdpG
CHC=CH+H, > [CHCH=CH]
Propyne Hbmpem
From Alkyl halides

Dehudrohologenation: Alayl holides on reactoon
with alcoholic potash in presence of heot eliminate
one molecule of hologen ocid to form alkenes. This
reaction ig lnown as dehydrohalogenation. [t i= an
example of B eliminotion reaction

H H

H H

H LEI [|:|:'r. y 2B \C==-C/

| a T ST
H X
(X=CaLErD

;fﬁ Iimportant

- Reacbd\ty order of halides: 1> Br> A
Reacbvity order of allyl groups3° > 7 > 1°

From vicinal dihalides

Twao hologen atoms attached to two adjocent carbon
otoms ore lonown o8 vicinal diholides. Vicinal dihalides

on reaction with zinc metal forms alkene by the
elimination of ZnX,; molecule. This reaction is also

lnown os dehologenation
EI-I]BI—CI-I;Er +Zn— CJ-h:L'J—I; -:—ZnBr;
CH4CHBr—(CH4Br + Zn - CH4CH = CH4 + ZnBry

From alcohols by acidic dehydration

Alcohols on treatment with concentrated sulphuric
oadd form olkenes with the eliminotion of one water

molecule This ia also a B eliminotion reaction
H H

I
H—C—C—H

I

H

Properties

Phuyslcal Properties

The furst three members of alkenes are goses. the next
fourteen members are liquids and the higher alkene
are solids. Alkenes are colourless aond odourless. But
ethene iz o colourless gas with a faoint sweet smell
All glkenes are insoluble in water but fairly soluble
in a non-polor solvent like benzene. petroleuny
or ether. Boiing paint of alkerez increosez with
mze by stroight chaing howe o higher boiling point
thon isomeric branched chomn compounds

Chemical Properties

Alkenes are a rich source of loosely held =-electrons,
due to which they show addition reactions in which
the electrophiles add on to the carbon-carbon double
bond to form the oddition products. Some reagents
are also added by the free radical mechanism. There
are cases whnen under speaal conditions, alkenes also
undergo free rodical substitution reactons. Ohadation
and ozonolysis reactions are also quite prominent in
clkenes A bnef desaiption of the different reactions
of alkenes is given below:

(1) Addition of dihydrogen

Alkenes = presence of finely divided nickel
plotinumn and poladiun. form alkanes by the

addroon of one molecule of dihydrogen gos to it
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. CHg + Hy ——> CH,, T

H H
N/ b |
i + H—H mceloowly . H—c—cC—H
/ X Hydrogen 150°C | |
H H H H
Ethene Ethane |
k (unsaturated) (@orurated) Jl
Addvson of dshydrogen n ethene
2 HEr
(2) Addition of hologens H,—H=H—CH, —>
= > . 2-butens
Addmion of bromine and chlorine w alkenes forms
vianal dihalidesa lodine does not ehow an oddiion OH,—CH—CH, — CH,
reacton. When bromine is added to unsaturated B
compounds a reddish-orange colour of bromine 2-bramobutane
solution is discharged which is used for the tests Addition of hydrogen bromide to 2-bueene

for unsoturation. This iz an electrophilic additon
(o) Addition of HBr to unsymmetrical alkenes

(Markowvnikov rule)

reaction involving cuydic holonium ion formation

Br Br

| I Addmion of HBr to an unsymmetrical allene follows
Br,j o0, CH,—CH, _ .
H, =0, > Markonikov's rule. According to this ruls. the negotive

1 2-dHmomoethane
BShenz ) part of the oddendum (odding molecule) gets
Bramination of ethene )
attoched to that carbon otom which possesses o
H—H=MH,+ Q, ——> H—HO—¢a lesser number of hydrogen atoms.
Propene to 1.2-dichloropropane Mechonism:

Hydrogen bromide provides an electrophile. H®, which

Be Br attacks the double bond to form carbocaotion as
j <+ Enanlionmer showin:
.-" | ]

H.,ED—EH—*.—EH:, + H—Br
Addition of halogens in abbene lH.
(3) Addition of huydrogen halides ¢ 'L
Hydrogen halides add up to alkenes to form alkyl H,C—CH,—E!-!,,* Br H,C—CH—CH, + Br
holides. It & an electrophilic addition reacton (a) less smbie (&) more stable
Reactvity order of hydrogen holide HI > HBr > HO primay carbocaton i e
(1) Addition of HBr to summetrical alkenes (1) The eecondary carbocaton (b) is more stable

than the primary carbocation (g). therefore. the

The hydrogen bromide gets odded to the former predominates because it is formed at o

symmetncal alkenes. This fellows the electrophilic

foster rate.
addiion mechanism. (2) The carbocation (b) is attacked by Br~ ion to form
" T the product as follows:
v L, @,LH N\
LN L L—, HE OGLOL —S 'H C—COH—OH,
"y : -
2-Eomogopanc
HEr addition to symmetsical akenes (=cgor prodiy)
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(i) Anti-Markovnilov rule or Khorash effect or
peroxide effect

Addition of HBr to unsymmetrical allienes in the

presence of peroxide (HOOOOH) & done oocording to
lkarash or perasade effect (opposite to the Marlovnikov

rule ) This effect follows a free radical mechanism

For example: The oddmion of HBr o Propene in
presence of peromdde gives 1-bromopropane.

H H H
| H—Br
C g
HCOOOH
ne” Nay HC G

Mechanism: Peroxide effect proceeds wio free radical
chain mechanisnn:

8 3
() GH-C-0-0-C-CH, TmmlEs
Bomooyd peverido
i
2CH, - C-0-~ 2CH, + 20D,

@ A eH-by TOMOUE Ly

)] H—CH = + Br

Hamolygie
¥ '
cnd—cln—m. o—O+—Oi—8r
Br
(@) ()
(less stoble (more s2able
primary free cecondary free
radical) radical)

. Homolyses

€9 OL-H-OlEr+H-Br 3
CH,- CH,— CH,Br + Br
(magar product)

&J/\} Important

w The ant-Markoynitor addition k& applicable for HBr only
not for HCl or HI .

This could be because the H-Cl bond k= stronger (4305
mol~) than the H-Br bond (3637 kJ mot=). end the fiee

radical does not leave & whereas the HH bond ks wealer
(2968 KJ ma!"L end lodine free rodicols combine o
produce lodine molecules instead of adding to the double
band

Example 1.12: Addition of HBr to propene
yields 2-bromopropane, while in presence of

benzoyl peroxide, the some reaction uylelds
1-bromopropane. Explain and give the mechanism.

[NCERT]

Ans. The oddtion of HBr tw propene uield
2-bromopropane. is an electrophilic oddition
reacton

Get More Learning Materials Here : &

* step: The electrophile ie. H® is first
substituted to give a more stable B carbocation

I'L\E'—)'H'eBr'

. Slovy i
—CGi=0L+ H —> O — OO,
Hecorophite
7 Carbocation
(movre stable)

"¢ step: The carbocotion is attacked by the
nucleaphile Br” ton to give 2-bromopropane.

b Fast |

CH— CH—CH, + Br O,—O—H,
Nucleopile Blr
2-Bromopropane

In presence of benzoyl peroxide. the reaction &
still electrophilic but the electrophile here is a
Br- free radical which is obtained by the action
of CsHg* on HBr

NN
CHOD—0—0 —DCH,

o i (Homolytic Fisaion)
2CHMOMO0 ——> 2CH+,
Bonmoyl mdical Fhemyl
(urseaiic) radica

CJQL,-E\J' —> CH.+Er
Bonsone
In the fust step, the Br" radical reacts with
propene to produce the mare stable 2° free
radical. The free radical thus formed promptly
abstracts a hydrogen atom from HBr in the
second step. yielding 1-bromopropane.

N\ sow

= H=OL, o BB —— O OOHEr
2"Fron nabual
(e ananig)

Fe= 8
C]-g]—ﬂl-l-—ﬂ-lll':‘.r 8 H-(ar—} OH= OH =CH Pr s Er
1 - So=spmpong
Although both reactions are electrophilic addmion
reactions, it is clear from the previous description that

the products differ due to the order of addiuon of H
and Br atoms.

Example 1.13: Write the nomes of the products
obtained by the addition reaction of hudrogen
bromide to hex-1-ene:

(A) In the absence of peroxide
(B) In the presence of peroxide.

Ans.
No Peroxdde

WM"'HET >

Hex-1-ene Br

T

Z-bromohexane
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B AN
Hoodecne
T W o Wl
1-bromohexane

(4) Addition of water

Alkenes react with water o the presence of aad and
woter to form olcohola. following the Markownikov

rule.
OH T

-
HC—C=0H, + HO —> HC—Cc—CH,

: |
1- piopens &
2-propanol
(5) Oxidation

Alkenes on reacton with o cold dilute oqueous
soluion of powossivm permangaonate (Boyers
reagent) produce weinol glycols.

2KMnO. + HO —> 2KOH + 2Mn0, +3[0]

P 0 Sc—c(
3}[}:(_‘;\\" HO =+ Cold 32 % |
Fom K\NMRO, OH OH
(FPink Colow) (Colowrless)
lKvnO, O
NoOH. Cold L OoH
Propene Propane-12-dol

Oxidation reaction with potassium permanganate

Alkenes on reoction with oadic potossium
permanganote oddise to lketones and acids
depending upon the noture and condition of alkenes.

(CHa),C=CH; ——— (H),L=0+0C0; + O
2- methylpropene Propanes 2 - ane
CH3-CH = CH - OHy — = 2CH,000H

But - 2 enc Etherok ood

(6) Ozonolysis

Ozonolysis of alkenes comprises the additon of an

ozone molecule to the alkene to generate an ozonide.

which is eubsequently cleaved into emaller molecules
by Zn - H;0. The position of the double bond n
alkenes or other unsoturated compounds can be
determined using this reaction

0‘ \C’G\C{_—
Somcl —%s €8
Orenide
e /
ZnM,0 N ¢
—— a + ]
-Zn0 0 0
(Aldetyyde or ketones)

/\

- [

(0] (0]
Fropeno ancnide

Jows
CHLHO + HOHO

Esharal MMetharal

m\/ﬂ\:\:}t
— = « 0 —>
N a’\ /
Ot 0—o0
(Pr=ctin propens) (Oserids)
lzm'rw
HCHO *+ OH—C—OH,

Apopgancne
(Aeutono)

Example 1.14: Write down the products of

ezpnolysis of 1, 2- dimethyl benzene (o-xylene)

How does the result support the Kekule's structure

of benzena?

Ans. 127 - dmmethyl benzene (o-xylene) may be
regarded os a resonance hybnd of the
following two Kelule structures. Ozonolysie of
each one of these gives two products as shown
below:

CH, i,

4
!
R

0 m
l @ O,CHA, 196K @ O.CHA, 196K
@ Znf HO ® Znf,HO
[ ik
2 C C o,
D==D{ o o N~
I 2Ddmetirdghenal
CH=0 GO
I 2 1
. H=0
7 Glyemnl

As a result three products are formed. Because
none of the three products con be formed from

any of the two Kekule structures, this shows
that (o—xylene) is a resonance hybrid of the two

(1 and I}

Example 1.15: Case Based:

Alkene is frequently used interchangeably with olefin,
which refers to any hydrocarbon with one or more
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double bonds. Monoaglkenes are dwided mto two
categories: terminal and internal Terminal alkenes

are more helpful Alkenes are less stable than alkanes.
but they are more reactive The magjonty of alkere
reactions involve additions to the pi bond. resulting in
new single bonds Because alkenes may participate in
a wide range of processes, incduding polymerization
and alkylotion. they are used as feedstock i the
petrochemical industri.

Alkenes. with the exception of ethylene contain
two reactive sites: the carbon-carbon pi-bond and
the presence of allylic centres. The former is more
cruaal although the allylic site is also important
Hydrocarbon craciang is used to make alkeres Another
major approach for the production of alkenes is the
construction of o new carbon-carbon double bond by
coupling a carbonyl compound (such as an aldehyde

or ketone) to a carbanion equivalent Olefination is
a term used to describe such reactions The Wittig

reaction is the most well-known of these techniques.
The stereoselective synthesis of disubstrtuted alkenes

can be accomplished by redudng alkynes

Molecular diagram of alienes

(A) Which of the following is a Bauer's reagent?
(a) Neutral potassium permangaonate
(b) Alkoline potossium permangaonate
(c) Acidic potassium dichromate
(d) Acidic sodium dichromate
(B) Which of the following shows geometrical
Isomerism?
(@) CHCL = CHCL
(b) CH, = CCY,
(c) CCl2 = | give the structures of cis-and
transforms
(d) CHy=CH,

(O Which is more acidic out of ethuylene and
ocetylene. State the reason.

(D) How wiill you caonvert ethanoic acid to ethene?
(E) Assertion(A): In CH; = C = CH, all the
hydrogen atoms lie in one
plone.
Reason (R): All the carbons in it are sp?
hybridised.
(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).
(c) (A) is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (b) Alkaline potassium permanganate
(B) (o) CHCI = CHA
Bplanation:
H~ AH H\ s
as 1. 2-dichloroethene trans- 1. 2-dichloroethene

(C) Acetylene, ethylene and acetylene have sp?
sp hybridized C atoms respectively Due to
the 50% s-Character of the C-H bond of
aoz2tylene rother than the 33% s-Character
of the C-H bond in ethane. acetwylene is
more adadic

(D) For the conversion of ethanoic aad to
ethene following sequential reactons are
mnvolved:

{}I,CDOHEH—}D-I,CIJ{JNG
O —— a0
—C'I—}C,l-lsﬂ H}CH, =CH,

.~ e
&

(E) (d) (A) = falee but (R) is rue
Bplanation: The two H-atoms on the
frst carbon ond the two H-atoms an the
third carbon atom in CH; = C = CH; be
perpendiculor to the planes. The central
carbon atoms are sp? hybridised

"TOPIC4
ALKYNES

Allynes are also unsoturated ((C = C-) compound.
hoving at least one triple bond Generol formulo
of alkynes & CHs,.2. The first stoble member of
alkyne series ts ethyne which is popularly lcnown as
acetylene

Nomenclature and Isomerism

Allynes are nome as derivatives of occenylene in
common eystem. In IUPAC system they are nomed as
denvatives of alkanes replacing suffox —one to yne.
Acetylene is used for arc welding purposes in the

form of oxyocewglene with oxygen gos Allgynes are
starting motenal for many organic compounds.
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Tablez: Common and IUPAC names of alagynes

Value Common IUPAC
Formula Structure
ofn Name Name
2 CH: H-CsCH Acstylene Ethyne
CH3-C Methy-
3 (3He =CH lacewylene FrapLnc
CHy CH; - Ethulaceny-
4 B 8 CeCH lene Iim_l_w
(Hy - C= Dimethy-
f | < c-cHy locenylere PTEYE
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Ethyne and propyne have one structwwe and butune
hove two stuctures namely but-1-yne ond but-2-
yne.

These twwo compounds differ im structure due tw the

positon of the triple bond. Sa. they are called the
position isomera The CgHg compound have the
following possible position and chain isomers.

oL—Ol—H—C=0H
I-pentyne

- —C=C—04
2-pentyne

G
U-l,—'t‘_[}l—t = H
S-mermd-1-butyne
Position and chain somers of CcHg

Erxomple 1.16: Write structures of different
isomers corresponding to the fifth member of

alayne series. Alap, write the IUPAC names of all
the Isomers. What type of isomerism is exhibited
by different paoirs of isomers.

Ans. The S5th member of ollgyne hos the maolecular
formulo CgHyp The possible isomers are
CH =C— 0L —CH—CH—CH,

Lo grng
H,—C=C—H,—CH—OH,
Memupuo
O, —Oi—C=C—Oi—O4,
HeBapno
n-u:=|:—?1—cu,—m, Hc=l‘.'2—l}I,—tI:H—C}g
CH, CH,
SLdmrhuylponmlagne 4Aberindoonesdamg
O,
HC =c—‘%—m,
CH,
3 3Dirrett= o ey
G, —C =E—i}l—{'_'i'l,
o,
ddfictinpioee dame

Position and chain [zomers of CaHzp

Structure of Triple Bond

Ethyne is the simplest molecule of the allyne senes

Each carbon atom of ethyne haos two sp hybndised
orbitals Carbon-carbon sigmao bond is obtaoined by

x>

the head-on-overlopping of two sp hybridised orbitals
of the two carbon otoma The remaining sp hybridised
orbitals of eoch corbon wndergo overlopping along
mternuclear axds with 1s orbital of each of the two

hydrogen aotoms forming two C-H sigmo bonds
H-C-C bond angle is of 180°. Each carbon hos two
unhybridised p orbitals which ore perpendiculor to

each other as well as to the plane of C-Csigmao bond.
The 2p orbitals of one corbon atom are parallel to
the 2p orbitals of other carbon atom. which undergo

lateral or sideways overlopping to form two n-bonds
between two carbon otoms Thus ethyne molecule
consists of ane C-C a — bond. two C-H o bonds and

two C-C g -bonds.

The swrength of C = C bond (bond enthalpy 823 kJ

mol™") is mare than C=C (bond entholpy 681 kJ
moi™) and C-C (bond enthalpy 348 mol™*). The bond

length of C=C is sharter than the bond length of C=C
and C-C . Around the intemuclear axis. the electron
cloud between two carbon atoms & aylindrically
symmetricol [t is thue a inear molecule

1=
) @)

E¥

a o) sp o
in the plane below the plone
of paper of the paper

above the plane
of the paper

in the plane
of the paper

Ortital plcture of ezhyne chowing sigma and pd overlaps

Preparation

From calcium carbide

Ethyne is prepared by treating calaum carbide with
water on on industrial scale. Quiclk bme iz heated wath
coke to maonufacture calaum carbide. The following
reactions show how to make quick ime by heating
imestone

Ca00,~25> Ca0+ 00,
CaO+3C—> Ca(C, + Q0O

Cdeoeon

Corbide
CaC, + 2H,0—> Ca(OH), + CH,
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From vicinal dihalides

Vicinol diholides are dehudrohologenoted when
exposed to olcoholic potassium hydroxade One

hydrogen holide molecule s remnoved to form alkenyl
haolide, which iz then weated with sodo omide to

produce alyne.

li’ miohnd H\ /H
H.C—C —H + KOH > ):_C,.\

| | —KHr
Br Br —-HO H Br
NN, | ~Ne Br
[ 2
CHe CH
Properties
Physical Properties

Allaynes have the some phuysical properties os olkenes
and olkanes. All alllynes are colourless. The odour of
ethyne ig distinctive. Other membess hove no odour.
Allynes are weakly polar in notwre They are lighter
thaon water and immiscible with waoter but soluble
in argonic solvents like ethers. carbon tetrachloride
and benzene With an increase in molor maoss. their
meling point. boilng temperature. and density
INCrease

Chemical Properties

Alcynes show acidic noture. addion reactions and
polymerisotion reactions as follows:

(1) Acldic character of alkyne

Sodium metal and sodamide are strong bases. They
react with ethyne to form sodwm ocetylide wath
the liberation of dihydrogen gos In comparison to
ethene and ethane. hydrogen otoms in ethyne can
be relecsed more easily oz protons. The hydrogen
atoms in ethyne are attached to the sp hybndised

carbon atoms whereos they are attached to
sp? hybridised carbon aotoms in ethene ond sp?

hybridised carbons m ethane. Due to the mmamum
percentoge of s-character. the sp hybndised orbitals
of carbon atoms in ethyne molecules hove the
highest electronegaotivitu. hence these attract the
shored electron powr of the C—H bond of ethyne to o
greater extent than that of the sp? hybridised orbitals
of carbon in ethene and sp® hybridised orbitals of
ethone. Henos. huydrogen atoms con be liberated
as protons more easily as compared to ethene ond
ethane. As a result. hydrogen atoms of ethyne.
connected to o triply bonded carbon atom are acidic

in noture. The hydrogen atoms connected to the
triply bonded carbons are acidic but not all hydrogen

atoms in alkynes

1
CH=CH+No-»>CH =C Na™ + EHJ

MMonoomdimm
cthynide

H,C £-H+NEI'N]-|; —3 CH, =C =C Na +NH,
Socivmmprooprade
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These reactons are not shown by alkenes and
alkanes

!ﬁ:} Important

- Acidic nature of alkane. alkene and allagne are as follows
(1) HCm CH> HXC=CH3 > CH3-CH3
(2) HCm(CH> (H;-Cm(H>> (Hy3-Ce C-(Hy

(2) Addition reactions

Allcyne contoins o triple bond. so they aodd up. two

molecules of dihuydrogen. hologen. hydrogen halides.
etc The formation of addionaol products takes place

through the following eteps

R \o | /

T— E—LC~%

| \ / X

R
o/ \ e
—C =C emm— C==C——
\ /
LE&=ylic cation generation

The oddmionol product formed depends upon the
stability of vinylic cotion. Addition in unsymmetrical
aleynes tokes plaoce according to The Marlovnilov

rule. Majority of the reactions of alkynes are the
examples of electrophilic addition reactions are given
below:

() Addition of dihydrogen
HC=CH +H, PYPIMN, He=at] 25 Oh-Os

OH,- CoCH + 1y, PWPAN S cH - CH = CH, |
Proomyne Procene
EHy
CH,- CH,- O,
Foppomm
(i) Additon of halogens

This method i= used os a test for unsaturation where

the reddish-orange colour of the solution of bromine
m carbon tetrachloride is decolourised.

H-C=0MH+ Br—-Br—> [(H,CEr=CHE]
1 2. Ddhamapropent

(i0) Addition of hudrogen halides

Two molecules of huydrogen halides are odded
to alynes to form gem - dihalides (in which two

hologens are attached to the same carbon atom).
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H Br
{7 11

CeC = = =
2 + Br—BE—> H F-i: O,
H QH.CH, Er H
Ldumene fredeormess) 1 2ecrpreahutone
feodorhong) foiorieos)
CI-I,—C=CH+H—EE—:CJ—&—C=CJ—{}
|
Br
2-Eramopnspomng
Br
|
U—I,—CI:—CH,
Br
2 2-ghnaorapnammnn

(rv) Addition of water

Like alkones ond olenes allaynes are also immisable
and hove no reaction with water. However, when
allaynes are heated with mercuric sulphote and dilize
sulphuric aad at 333 K one molecule of water s
added. forming carbonyl compounds.

CH=CH¢HO HgSO.dl HSO: _
Eshugno 333K = CIH — OH
Ot
Lzrrgmmm
Towiornadaotan

CHO

|
CHs

[Sp. et

Hg™fiT
D‘E—Cﬂth-D}iW Oh-C=a0t
Propgaa S

bresio]

G -C-Crb
!
0

Prope=crc

Example 1.17: How will you convert the following

compounds into beneene?

(A) Ethyne

(B) Ethene

(C) Hexane
Ans. (A) IJHC=CH  RedhotFe Tube_
Ethyne 873K

Benrene
(B) Ethene & first converted mnto ethyne and
then to benzene as shown above.

Get More Learning Materials Here : &

Br./ OO,

H=CH, — B—0O0,—0,—FBr

Ebhnng 12O rannootinng
KDH (ofic) , H=0=r

(Dehydrobmosmination) iy bramido

NefHs [ b NHs
1968 K

e

Hed hot Fe Eubmﬁ

873K @

Bomasns

HC=CH
Edyne

(C) When vapours of hewane are paossed
overheated catalyst consisting of Cry04
MO;04 and V50¢ at 773 K under 10-20
atm pressure. cyclization and aromatization
occur eimultaneously to afford benzene

-0t
fll‘ﬁ Gt o,0/MQMN0, O
ab f,(!]—b Cuydization
~Nab () Qplcbomne
Herrre
G
Asronnotiiration
Brrnoeme

Example 1.18: Case Based:

Hydrocarbons are colourless and hydrophobic with
o mild odowr. Because of their different chemical
structures. it's impossible to generalise any mare.
The majonty of anthropogenic hydrocarbon
emissions come from the buming of fossil fuels.
Plants emit hydrocarbons such as ethylene, isoprene.
and monoterpenes. An allyne is an unsaturated
hydrocarbon with at least one carbon-carbon
triple bond in organic chemistry Aliynes. like other
hydrocarbons. are hydrophobic in nature The ward
acetylene = most usually used to refer to ethyne
It is the most basic of the alkynes, with two carbon
atomns joned by o triple bond and each carbon atomn
aapable of bonding to one hydrogen atom. Ethyne

s often used mn oxyacetylene gas welding and
axyacelylene gos cutting because it has a very hot

flame When ethyne iz combmed with oxygen, the
ensuing flame hos a temperature of approxamately
3600 Kelvin Millions of lalogrammes of acetylene
are produced annually through fractional oxidation
of natural goses with the dominant alkyne being
used as fuel Some of these allynes are used to make
chemucal compounds including ethanoic aad. acrylic
oad. and ethanol It's also utilised to create polymers
and polymer raw materials.

(A) Which one of the following compounds forms
salt on reaction with NaNH,?

(@) GoH, (b) CiHe
() CeHe (d) CHg

(B) The number of o bonds and n bonds present in
pent-4-ene-1-yne:
(o) 12,3
() 3,9

(b) 10,3
d 12,4
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D)

®

The product formed in the reaction of propyne
with dilute H;SO4 ond HgSOy is:

(a) Propul hydrogen sulphate

(b) Propanone

(c) Propanal

(d) Propanol

Whaot products ore obtoined by oxidative
ozonolysis of Propyne?

Assertion (A): CH = C is more stable than

CH, =CH".

CH = C" has more s character

thaoan CH; = CH".

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
true explanation of (AL

(c) (A)is true but (R) is false.

(d) (A) is false but (R) s true.

Reason (R):

Ans. (A) () CH;

Explanation: Only terminal aollynes react
with NaNH; to form o ealt

- i hH -
e O Gh—C=C—
~" NH,

(B) (b) 10.3

b ] 4 1

Explonation: EH:C—CH] -CH=C
Pent-4-ene-1-yne
Noofebonds=4(C-0) +6 (C-H)=10
Noofsbonds=1(C-O+2(C=0=3

(C) (b) Propanone

Bxplanation: Propyne reacts with dilute
H,S04 and HgSO4 to give propanone

0
e HSO, !
oL = CH 3> OL—C—0t

(D) Propyne with oronolysis gives ethanoic acad
and methanoic acd

~
- -

e

H.O
CH{—C=0+0, ~CH— C— CH —>CH, (OCHO

0i-0
_Oxdation, i, COOH+HODOH

(E) (o) Both (A) and (R) are true and (R) is the
carrect explanation of (A).

EBxplanation: (H = C has S0% charoctess
and CH; = CH hos 33% s - choractes

Stability of carbanions increases wath the
enorease in & — character at the carbanion
So. C(H = C is mare stable than CH; = CH™.
So. both the gssertion and reason is true

and reoson is the correct explonoton of
asserton

@ Related Theory

- Adadity order is alkyne > alkene > alkane. Allayne
and alkanes hove momamum and minimum

acidic character respectively due to presence
of momdmum and minimum s character.

(O BJECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

i. The addition of HBr to 1-butene gives a
mixture of products AB and C.

Br
[ I
H-c:”}c Nai, H- J'C ~ad H—H—H—OH &
H Br
(2 @) ©

The mixture consiste of:

(a) Aand B as major and C as minor products
(b) B as major, A and C as minor products

(c) B as minor, A and C as major products

(d) A and B a8 minor, C as major products
[NCERT Exemplar]

Ans. (g) A and B os major and C as minor products

Get More Learning Materials Here : &

Explanation: Butene-1 & asymmetrical
Markownikov's rule stotes thot 2-Bromobutane

SERERE

is the maojor product and 1-Bromobutane is
the minor product Because 2-Bromobutane
possesses chiral carbon, it hos two enantiomers

that are mirror images of one another. As a
result. the mbaure contoins A and B as maojor
and C as minor products.

Lo i hos highest boiling point
(@) n-hexone
(b) n-pentane
() 2-methyl butane

(d) 2, 2-dimethyl propane [Diksha]

Anes. (0) n-hexane

Explanation: The boiling point depends upon
the moleculor maoss and branching. The boiling

paint increases with the increase in molecular
moss and decreoses with the branching In
the given opbons m—hexane hove the highest
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moleculor moss and 2. 2-dimethyl propane
shows modmum branching. Therefore. the
highest boiling pont is shown by n-hexane.

/\/\/‘3":
HC n—haane

g
oo
2.2 &rethyfpmpane

3. Which of the following will mot show
geometrical isomerism?

(@) F H
N\ C= C./
a’ b
(b) F F
% C= C/
a’  Da
(c) HC CH,
Je=e
HG .
(d) cH, CH,
>C=C<
CH, CH, [NCERT Exemplar]
Ans. (@ T O
C=0C
CH, / X CHy

Explanation: In geometrical isomess. each
carbon atom of the double bond must hove

different substituents. In option (d) a carbon
with o double bond haos two some functional

groups (CH;) attached. The rototon around

the carbon will not produce o new compound.
Hence. geometrical isomerism is not possible for

HC, (028
\CEC/

CH:./ \C:J‘t:

4. Cyclohexane on chlorination gives:
(o) Chloracyclohexane
(b) 1, 2 - Dichlorocyclohexane
(c) 1,4 - Dichloracyclohexane
(d) 2,2 - Dichlorocyclohexane

Ans. (@) Chlorocyclohexane

Explanation:

a
O-t— a, i} O/ + HA
Qyciohexone CHioroayclehomne

5. Action of acetylene on dilute H:S04 ghves:
(o) Acetic acid

Get More Learning Materials Here : &

x>

(b) Acetone

(c) Acetaldehyde
(d) Ethyl alcohol

[Dethi Gov. QB 2022]

Ans. (c) Acetaldehyde

Explonations: First water molecule gets
odded to acetjlene. the product formed
undergoes tautomerization and finolly we get

aoztaldehyde
CH= CH+H,0 =245 CH,=CH— OH
Accstefens e v
(eenstcils) CJ-IH—C—H
B
O
Accsaldelyde

@. Which of the following compound cannot
be obtained from single alkane by Wurtz

reaction?
(a) Ethane (b) Butane
(c) lsobutane (d) hexane

Ans. (c) lsobutane

Explonation: Unsymmetrical alkanes are not
formed by the Wuwrtz reaction. Only the higher
and symmetrical alkanea are formed by this
process. Sa according to the options isobutane

is an unsymmetrical alkane. Hence it cannot be
formed by this mechanism

CH,

PN

H,C O,

@ Related Theory

= Corey-House synlheszis
The method Is suitable for the formation of both
symmetricol and unsymmetrical altanes

R-X ¢ 2Li —-Hi R-dis [iX
abigyl
Grhiuirm

ZR-UeQd —> [RLuJ Lield

B

/Ci_; MeR-X — > R-F ¢RCuelIX
R

7. Brominotion of alkane as compared to
chlorination proceeds:

(a) At a slower rate
(b) At a faster rate
(c) With equal rates
(d) With equal or different rates depending
upon the temperatures.
Ans. (g) At o slower rate

Explanation: The rate of brominoton of an
alcone is elower than the rote of chlorinoton
of an alkane. Halogenation. as we all ltnow.
involves the production of a carbon-halogen
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bond. The strength of the carbon-hologen
bond will now determine how easy it is to
undergo hologenation

8. The products formed when ethene reacts
with bromine in an agueous sodium chloride
solution are:

(o) Ethylene dibromide and 1-bromme-2-
chloro ethane

(b) Ethylene dibromide only
(c) Ethylene dichloride
(d) 1-bromo-2-chloroethane

Ans. (g) Ethylene dibramide and 1-bramo-2-chloro
ethane

Explanation: When ethene reacts with
bromine in ogueocus sodium chlonde solution

products formed are ethylene dibromide and
1-bramo-2-chloro ethone

C,Hg + Bry BrOH,CH4Br
CH4Br* +C" -5 BrrCH, CHQA
Hence. first the process of bromination occuwrs

w form Ethyleme dibromide then further

reaclion with moueous sodium chlonde forms
1-bromop-2-chloroethane

9. Which of the following alkynes is used as

rocket fuel?
(o) Ethyne (b) Propyne
(c) But-1-yne (d) Pent-1-yme

[Diksha]
Ans. (B) Propyne

Explanation: European space companies hove
researched wming Light hydrocarbons with
Lguid oxugen. o relotvely high-performing
bguid rocket propellant combination that
would olso be less toxic thon the commaonly
used monomethylhydrazine/nitrogen tetroxade

Their reseoarch showed that propyne would be
highly odvantogeous os o rodeet fuel for craft

intended for low Earth orbital operctionsa.

Assertion-Reason (A-R)

In the following question (Q. No. 10-13) a
statement of assertion followed by o etatement of

reason Is given. Choose the correct answer out of
the following choice

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
carrect explanation of (A).

() (A) is true but (R) is false.
(d) (A) Is false but (R) is true.

10. Assertion (A): Among isomeric pentanes,
2, 2-dimethyl propone has
the lowest boiling point

Reason (R): Branching does not affect
the boiling point.
Ans. (c) (A) & vue but (R) is folse
Explanation: 2. 2-dmmethylpropaone has

Get More Learning Materials Here : & m

the lowest boiling point becouse branching
affects the boiling point As the bronching

mncreoses. the boiling point decreoses
simultoneously. So. Assertion is wWue but
Reoson is folse.

11. Assertion (A): Sodium acetate on Kolbe's

electrolysis give methane.

Reason (R): Methyl free radical is formed
at the anode.

Ans. (d) (A) s folse but (R) is rue

Explanation: Sodium acetate on Kolbe

electrolysis gives ethone. It is formed ot the
anode.

Kolbe electroluysis reactios:
2CH,000™Ne” + 2H,0 —=>
CH;G‘*; + ZCDQ + HE + 2NaOH

At anode
O O
2CH,—C—0O iE)ED'I,-—C—@:—} 2 CH, + 200,1
Aaoroato lon Acoioore ion NMirthad
oo nndhaad fiao nodical

CH, ¢ O, —> OH,-OCLT

12. Assertion (R): The IUPAC nome of CH;CH

=CH - Ca CH Is pent-3-en-
1-yne ond not pent-2-en-4-
yne.

Reason (R): While deciding the locants of

double and triple bonds, the
lowest sum rule is always
followed.

Ans. (a) Both (A) and (R) are vue and (R) s the

correct explanation of (A)

Explanation: Lowest sum rule is aolwaoys
followed. if both double and triple bonds are

on some positon then preference is given to
the wriple bond.

5 4 1 2 1

CH{H=CH-C=CH (Lowestsum 1+3 =4)
pest=Sugr layno (corract)

L 2 X & B

CH3CH =CH-C=CH (Sum 2:4 =6)
ponta2ugns dayng (imcarract)

13. Assertion (A): Propene reacts with

HBr in presence of
benzyol peroxide to yield
1-bmomopropone.

Reason (R): In presence of peroxide, the

addition of HBr to propene
follows ionic mechanism.

Ans. (c) (A) is rue but (R) is false.

Explanation: Propene reacts with HBr in

presence of benzoyl peroxide two give 1-
bromopropane In presence of peroxide. the

addition of HBr to propane occurs by a free
radical mechanism.
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@ASE BASED Questions (CBQSD

[ % &5 marks ]

Read the following possoges and answer the
questions that follows:

(C) Increasing order of stability of the three
conformers of ethane is:

14. Conformobtionol isomensm 18 a type of (0) eclipsed > gauche > staggered

Get More Learning Materials Here : &

stereoisomerism in chemistry in which isomers
can be interconverted simply by rotating them
around formally single bonds. While any two
atomic configurations in a molecule that differ
by rotation about single bonds are called
distinct conformations. conformations that
correspond to local minimao on the potential
energy surface are called conformational
womers or conformers When hydrogen atoms
are cannected to two carbon regions s close
to one other as possible, the conformaobion
= called eclipsed To further exploin the
closest proxamity of two substituents X and
Y on adjacent atoms A and B indicates that
the torsion angle X — A — B - Y is 0° Another
type of conformation s called o staggered
conformation. which occurs when hydrogen
agtoms connected to two carbons are spaced
as far apart as feasible These conformations
can be found in any open chain single chemical
bond connecting two sp® hybridized atoms
and hove low conformational energy For
some compounds, such as n-butane. there are
specialised londs of staggered conformations
called gouche and anti

(A) In the following, the most stable
conformation of n-butane is:

(a) CH, (b) CH,
H CH, H H
H H H H
H cH,
() HC (d HC
oL H
H H@
H@H H H
H CH,

(B) With respect to conformers of ethare,
which of the following Is true?

(o) Bond length remaoins the some but
the bond angle chonges.

(b) Both length ond bond angle changes.

(c) Bond angle and bond length remains
the some.

(d) Bond angle remaoins the same and
the bond length changes.

(b) eclipsed < gauche < staggered
(c) gouche > staggered > eclipsed
(d) eclipsed > staggered > gauche

(D) Increasing order of stability of the three
conformers of ethylene glycol is:

(o) eclipsed > gauche > staggered
(b) eclipsed < gauche < staggered
(c) gauche > staggered > eclipsed
(d) eclipsed < staggered > gauche

(E) The magnitude of torsional strain
depends upon the:

(o) dihedral anale
(b) staggered conformer

(c) eclipsed confarmer
(d) none of the above

Ans. (A ()  aH,

Explonation: The ant-conformaton is the
moat stable conformer of m-butane. The

bullay methul groups are epaced as widely
apart as possible, redudng eteric repulsions

to a minimum and hence. increasing the

stability

(B) (c) Band angle and bond length remains
the same.

Explonation: Confonmers are isomess
that exist as a result of rotation around
single bonds without any bond cleavage
An infinite number of conformations are
possiblein ethone. The two important forms
are the staggered conformation which is the
most stable. ond the edipsed conformaton
of ethane that have the same bond
angle ond bond length but hove different
energy. stobilitu, aond dihedral angles.
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(O (b) eclipsed < gauche < staggered

Explonation: The eclipsed conformer =
the leost stoble because the hydrogen and
bonding electron poirs on adjocent carbon
are close to one another. This causes
maamum repulsion and hence the leost
stability of the conformer. In staggered
form. because the hydrogen and bonding
electron poirs on adjacent carbon are for
gpart at ognb—position to one another.
Thus. goming the minimum repulsion and
moamum stability. The gouche form les
in between these two conformers. So, the

order of stabilty s eclipsed < gauche <
staggered.
(D) (c) gauche > staggered > eclipsed

Explonation: In ethylene glycol the
gauche conformer is most stable due to the
presence of H-bonding between the -OH
groups of bwo carbons

@ Related Theory

= The different canfaormer= of glycol =

& 4,

Fi:u't:u‘ilg Edmpzed
OH
H ﬂ'H ﬁﬁ
H H
H H
? HO
Gauche

(B) (o) dihedral angle

Explanation: The mognitude of torsional
strain depends upon the angls of rototion
agbout CC bond. This angle is lmown as
dethedral angle or torsionol angls.

5. Alkenes are made up of a lot of weady held

pi bonds. They display addrionol reactions due
to the presence of such bonds Electrophiles
(Electron-seeking speaes) are added to the
double-bonded molecules in this reoction
resulting in the production of a new product
it also hos the ability to wndertake free
radical substitution reactions under certain
condibons. Ozonolysis and oxedaotion reactions
are also wvividly disployed HX (HBr. HBr. Hi)
and alkeres undergo two wypes of odditon
reactions: Markovnikov and Anti-Markownikov.
The Marikovnikov reaction oocurs when HX =

Ans.

added to an alkene or alyne. with H-bondng
to the double band's less substituted carbon
atomn and X bonding to the other double-

bonded carbon atom via an ionic mechanism.
When HBr (not HCL HI) = introduced to an

alkene or alyne Br attaches to the less
substituted double-bonded carbon. whereos
H links to the other carbon atom. resulting in

the anti-Markovnixov reaction. This s where
the Markovnilkov and Anti-Maricovnixov

(A) What would be the major product in the
given figure, if the following reaction
obeys Marlkovnikov rule?

CH,—C=CH,
\fc‘i‘

H,—He=H Br

A,
- CH; — CH = CHBr

(B) How will you prepare prop-l-ene to
propone-1,2—diol?

(C) Complete the following reoctions:
() CH=CH =335 A 2",

(i) 2 methyl pent-2-ene Wﬂr C+D

(A) As per Markovnicov's rule. the product in
which bromine is attached to the secondary
carbon atom will be the major product
The CHyCH = CHBr product would be the
minor product as per Markownikov's Rule.
(The secondory carbocation forms dunng
the reaction and &t iz more stable than the
primary carbocation as per Mariwownikov's
rule)

OH,—C=0H, -
& | e, S
OH,—C=CH Br
=

(\inar

A Caution

S—

C)

OH,-CH=CH, +H,0

Prop - 1| = aunp

@Qa

x>

Ahvays take care about tie addizion of halogen [n
the Marlovnscov's and antl-Marlownitov's rules

Prop-i-ene can be comwverted into
propane-1.2—dwol by the reaction with dilute
potassium permongonate

am iﬂiﬁmﬂq J 273X

O, CH(OH)GH,OH
progamewd 2 - diod

0 HaOH—3A _,NaCsNa—=2
CH.C=CCH,

(@) CH,CH,CH=C(CH,), ===,

CH,OH,0HO + O4,00CH,
Proparat Proparacc
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(VERY SHORT ANSWER Type Questions (VSAD

[ 1 mark ]

16. Alkynes on reduction with sodium in Lquid
ammonia form trans alkenes. Will the
butene thus formed on the reduction of the

2-butyne show the geometsical isomerism?
[NCERT Exemplar]

Ans. In geometrical isomerism when the some
groups ore on the some side then it I8 cs-
form and if some groups are on the opposite
side. then it is rrans- form. Trans-2-butene
is formed by the reduction of 2-butyne. is
capable of showing the geometrnicol isomerism
The reaction ia called Birch reduction

w ./
liq CH, / —
17. Give the LWPALC. nome of the lowest

molecular weight alkane that contains a
quaternary carbon.

[

Ans. 2. 2-Dimethylpropane is the lowest moleculor
weight alkane that contains quaternary
carbon. It is also lonown os Neopentane

o,

Ot

1E8. Complete the following reactian.
CH,-CH=CH-CH, —= > A

UL Eros

Ans. The compound A will be Ethanaol

SBbi-biby, —2 5 ae- of D?/

Buenomna I : |
o) —\g—u

_z”ﬂi}jggc}m

Etkeral

19. How many products are formed from the
monochlorination of ethylcyclohexane?
Ignore the stereoisomers.

Ans. The oddition of a chlornne atom is known as
monochlonnotion. When a chlorine atom &=
introduced into the structure below, one of
the hydrogens will be replaced by chlonne. In
Ethuylcyclohexane. there are six different sorts
of hudrogen atoms. As o result. there are six
monochlorinoted products.

2
3

m
dn

(SHORT ANSWER Type-| Questions (SA-1))

[ 2 marks ]

20. Drow Newmon ond Sowhorse projections for
the eclipsed and staggered conformaotions

of ethane. Which of these conformations is
more stable and why? [NCERT Exemplar]

H H
Ans. | |
H—-—"“"C\u [-;-""'"E\J
ik LA
A

Srogoored

1]-1
C
Sawhoree projection of ethane
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x>

H
HH
H H
H H
H H
H H
Ecfipacd Swovpored

Newwman projection of ethane

Staggered form of ethene is maore stable than
the eclipsed conformation by cbout 1255
lg/mol This is because any two hydrogen

atoms on adjacent carbon atoms of staggered
configuration are mmamum apart while in
eclipsed conformation they cover or eclipse
each other is space. In stoggered from, there
a minimum repulsive force. mininunn energy
and. momamun stability of the molecule
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231. Which reagent is used to distinguish between

1-butyne and 2-butuyne?

Ans. The reagent ueed for distinguishmg 1-butyne

22.

and 2-butnyne is NaNH4
HHCa(H —5 CHHLCuNa

(Hy C=C-H,—™ ;Noreaction

Becouse the terminol carbon atom of 1-butyne
includes one oddic hydrogen. it will react with
sodium and sodamide NaNH,, to produce
sodium acetylide releasing hydrogen goa Due

w the obsence of addic hydrogen. 2-butyne
does not conduct such o reacton

cis 1,72- Dichloroethene hos @ lower dipole
moment than the trans 1,2 - dichloroethene
isomer. Explain.

Amns.

The wans 12- dichloroethene isomesic
structure is more symmetrical than the cis 1.2-
dichloroethene structure. In the trans- isomer.
the dipole moments of the polar C-Ci bonds
should cancel out resulting in o molecule
with a almost zeso dipole moment. In the cis-
imomer, however, these do not cancel As a
result the cis- isomer has o distinct moment
from the trans- isomer. The following are the

slruclures:
H\ a a\ a
 Bo—— & Ci—
ﬂ/ H H / \H
crans-1. 2Drchiaroetherne o=~ 1. 2-Dxchicroethene

(SHORT ANSWER Type- |l

Questions (SA-IID

[ 3 marks ]

23. The intermediote carbocation formed in the

reactions of HI, HBr ond HCl with propene

is the some and the bond erergy of HL HBr
and HCl is 430.5 kJ mol™*, 363.7 kl mol™ and

2988 kJ mol™ respectively. Whaot will be the
order of reactivity of these haologen oclds?
[NCERT Exemplor]

Ans. Addiion of hologen oods to an alkene iz an

O, — CH=OH, +H — 2= 50, —CH—OH, ——

electrophilic odditon reaction.

X P
S —
o -

CH, —CH)—CH, <—

The fwst step s slow ond & is a rote-
determining step. The rate of step depends
upon the availability of proton. This in turn
depends upon the bond dissoaaton enthalpy
of the H-X molecule.

Llower = the dissociobon enthalpy of the
H-X molecule. the greater is the reacthaty
of hologen holide. So. the bond dissoaaotion
entholpy increoses in the order: HI < HBr < HCL

Therefore. the reoctivity of haologen decreases
as Hl > HBr > HOL

24. An alkene ‘A’ on ozonolysis gives a mixture

Ans.
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of ethanal aond pentan-3-one. Write the
structure and IUPAC nome of ‘A’

L

O,
& Zn*H,DH_L & m,—m,4|:
] C'E :

0

Foto—eZunee

A

Erhenai

25.

Ans.

x>

In the poth of ozonolysis. an ozonide &=
produced as an intermediate that hos a ayclic
structure; it undergoes cleavage to provide
the finol products ethanal and pentan-3—-one.
These products are obtoined from the oronide
intermediates. The possible ozonide structure
will be

- "*__‘-D;:' % ™
N P
THiT
o L1 ooy

- - _

This ozonide &= made by adding ozone to 'A’ as
a tronsitional product. which then cleaves into
finol products. By eliminating the ozone from
the aronide, the preferred 'A’ arrangement can
be ochieved. As a result. the structural formula
for A" iz
| 3 a L 2
HL—CH= (IZ — O, — o,
oiL— a4

F=BiafleemnZaans

Why is ethyne addic in noture in comparison
to ethene and ethane?

Hydrogen atoms connected to sp
hybridized carbon atoms in ethyne. whereos
they are joined to sp? hybridized carbon atoms
in ethene. and sp> hybridized carbon atoms in
ethane

are
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26.

Ans.

27.
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Because of the highest percentage of
s—character (50%) in ethune molecules. the sp
hybridized orbitals of carbon atomsa have the
highest electronegotivity 5. This attracts the
C—H bond of ethyne to o greater extent than

the E.;:i2 hubridized orbitals of carbon in ethyne
and the E]:Ig hybridized orbitals of carbon
in ethyne. Thus. In comparison to ethyne
and ethune. hydrogen atoma in the ethyne
molecule are mare easily lberated os protons.

(LONG ANSWER Type Questions (LA))

[ 4 & 5 marks ]

How would you exploin the formation of
ethone during chlorination of methane?

The methane chlorinotion process worsks
through o free radical choin mechanism

Step 1- Inmbotion:

The miuation process begina with the homolytic
cleovoge of - A bond ox

- -

a a > =+ a

Step Z Propaogoton:
In the propogation step. chlorme-free radicals

attodec methone molecules and the C-H bond
collapses to form methul radicals as:

O, + —> H, + H—a

Methul chionde = formed mnext to the
Liberation of a chlorine-free radical when these
methul rodicals react with other chlonne
radicals other rodicals are formed.

CH+d—aA—>H—a-=a
Nocekad
chlonde

cHa+:aG— dHa+Ha
Ha.a—a —saoia +a

Step 3: Termmatorn
The formoton of ethane is the result of the
choin reactions being terminoted os o result of
the consumption of methyl rodicals.

. ——>a-—a

HE+CH, —> HC—OH,

(Fthang

An alkyl haolide C¢HyyBr ‘A' reocts with
ethonolic KOH to give an alkene ‘B, which
reacts with Br; (in CS;) to give a compound
*C’, which on dehydrobromination provides
an alkyne 'D. On treatment with sodium
metol in liguid ammonio, one mole of ‘D’

gives one mole of the sodium solt of D’
and half o mole of hydrogen gas. Complete

x>

hydrogenation of 'D’ yields a straight-chain
alkone. Ildentify A, B, C and D. Give the

reactions involved. [NCERT Exemplar]
cote —2ON S pene CHY 2 S5 0 pe,
A ®) ©
Bt TR L PR TR T ST
-8r 2
© .
A aliiyllds

The reocuon of algne ‘D' form sodium salt
which proves that it & a terminal olane

This means a triple bond is at the end of the

choin It could be either (1) or (0l). Alkyne 'D’ on
hydrogenation uields straight-chain alkone. So.
the structwre (J) is allayne 'D”.

MO HE™ >—=

(n CH,—CI'H—CICI'I
G,

[t is important tw note thot alal holide
‘A" cannot be 2-bromopentane because
debromination of 'A' would give 2-pentene as

a major product according to Markownikoffs
rule

Therefore. the structures are

(A) CHy - (H; - CHy (Hy - GH,Br
B) G -CH; -G CH=CH,

(O CH; - CH; - OH; -CH(Br) - CHyBr
(D) CHy-CH;-CH; -Cw CH

28. Answer the following questions:

(A) An alkene C4Hg reacts with HBr both in
the presence and absence of peroxide

to give the some product |dentify the
alkene.

(B) Complete the following reactions
0) CH=CH Lo i
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(@ CH=CH ——22a P70 |

i) CH3C = CH — 2

Ans. (A) As the alkene (CdHa) on reocton with

HBr in the presence and in the absence
of peroxade to give the some product
thus the alkene should be eymmetrical A
symmetricol olkene with 4 carbon otomns &
2-butene
CH3—-CH=CH-O4 + HBr —

G4y -H;-CHBr - O+

B @ CH=CH 22 ,H=Na &

H=C-CH,
(Propyna)
@

& H =D
D-I—CJ-I+HjD—I;}.:49 CH, = CH—OH
Acrtrdena (unstabla) v

oL —c—#
Il
o)
feocestdoude
@ CH:C=CH —2F2 5, CHyOH,CH,
(Propanc)

R 4
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AROMATIC HYDROCARBONS AND
CARCINOGENICITY

'TOPIC1
AROMATIC HYDROCARBON

The closs of compounds waos nomed ‘oromotic
compounds' becouse the maojorny of them howe

o pleosont odour, which meons aromo - pleosont

smelling and these compounds are discovered with o
benzene ring. The benzene nng ia highly unesaturated.

but the unsatuwration of the benzene ring is retained

in the maojority of reactiona. These hydrocarbons ase
olso referred to as 'arenes’.

Aromotic compounds with o benzene ring are referred
to o8 benzenoids while those without o benzene ring
are referred to as non-benzenoids.

Nomenclature and Isomerism

Becouse oll six huydrogen otoms in the benzene
ring are equivalent. it can only form one type of

monosubstituted product Three different position
isomere are possible when two hydrogen atomns

in benzene are reploced by two similor or different
monovalent atome or groups. The ortho (o) d

substituted compounds are 1. 2 or 1. 6. the Meta (m)

disubstituted compounds are 1.3 or 1.5 and the paro
(p) di substituted compounds are 1. 4. Here are o few

examples of benzene dervatives:

H,C H,C
f i CH,

Meehylbenaene 1. 2-B¥methybencene
(Talucar ) (o-Xylonc)
H,C
H,C :
G-IJ
1L 3-Dimethdbennone CH;
(m)ylenc) 1L 4-Oémethylbonsene
(p~Xylenc)

Friedrich August Kekule. a German chemist was
born in 1B29 at Darmstadt n Germanuy. He made a
mnajor contribution to structural organic chemistry by
proposing that carbon atoms can join to one another
to form chains and later he found the onswer to the
problem of benzene structure by suggesting that
these chains can also form closed ringe He gave
the dynomic structural formulo to benzene which
forma the baosis for its modern electronic structure.
One hundred years later. on the occasion of Kelwle's
centenary celebrations o group of compounds

hoving poly benzenoid structures has been nomed as
kelwlenea

Friedrich August Kelade

Structure of Benzene

Benzene woe isoloted by Michoel Faraday
1825. The moleculor formulo of benzene s CgHg
cs determined by elemental anolysis. As o result
benzene iz o highly wunsoturoted compound. [t

tool severol years to assign its structure due to &s
unigue properties and unusual stability. Benzene

was discovered to be o stable molecule that forms
a triozonide. indicating the presence of three double
bonds Benzene was also discovered to produce only
one monosubsttuted derivative. indicating thot all

six carbon ond soc hydrogen atoms in benzene are
identical On the basis of this observation. August
Kekulé proposed the cydic arrangement of sox carbon

@g www.studentbro.in



Get More Learning Materials Here : &

atoms with alternote eingle and double bonds and
one hydrogen atom ottached to each carbon atom in

1B885.

|
C
chf/ c-H
| -
"o o H
|
H

The Kekslé structure suggests the presence of two
isonneric 1. 2-dibromobenzenes The bromine atoms
are attached to the doubly bonded carbon atoms
in one isomer, while they are attached to the singly
bonded carbons in the other.

Br Br
fE Br @}’
Howewver, only one ortho disubstituted product of

benzene was discavered. Kekulé solved this problem
by proposing the concept of osalloting double bonds

in benzene. as shown below.

(J—~C)

Even with this modificaion. the Kekulé structure
of benzene foil= to exploin ts unusual stobility and

preference for substitution reactions over addition
reactions. which could be egloined loter by
FEBONONCE

' TOPIC 2
RESONANCE AND STABILITY OF BENZENE

The oscilloton of double bonds in benzene can be
exploined by the cancept of VSEPR theory. Resonaonce
is the phenomenon in which twao or more structures
for o substaonce can be wntten that involve identical
otomic positiona. The resonance structures in benzene
are represented by Kelaslé structures (1) and (2). The

hybrid structure can be represented by inserting a
circle or o dotted arcle in the hexagon The molecule's

actual structure is represented by a hubnd of these
two structures.

“O-0-0

The orbital overlapping provides a clearer picture of
benzene's structure. In benzene. oll ebx carbon atoms

are sp? hybridiced. In each carbon atom, two sp®
hybrid orbitals overlap with the sp? hybrid orbitals
of the adjocent carbon atoms o form six C - C sigma
bonds in the hexagonal plane Six C - C sigma bonds
are formed when o carbon atom remaining sp? hybrid
orbital overlaps with o hydrogen atom's s orbital

As shown below. each carbon otom now hos one
unhybndised orbitol perpendicular to the ring plane

The unhybridised p orbital of carbon atoms is enough
to form a loterol overlap. There are two possibilities
of forming bond by averlop of C,-GC,, CG—C4. Cs—Ce
or &>z CeCs Ce~ Ci os shown in the following
figures:

Locatired x bend Doiocaliced = band

3-8

Delocalired O bonds n benzene

The internuclear distonce between all the carbon
atoms in the ring was found to be the some confirmed
by X-ray diffraction studies and there ia alse equal
probability for the p orbitals of each carbon atom
overlopping with of p orbitals adjocent carbon atoms.
This can be represented in the form of two doughnuts
(rings) of electron clouds one above and aone below
the plane of the hexagonaol ring.

Hectran cloud ef benrene

As a result. the sbc O electrons are delocolised and
can freely move around the six carbon nuclei The

nuclei of the carbon atoms attract the delocalised
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electron cloud more strongly than the electron doud
locolised between two carbon aotoms. As o result. the

oppearance of delocolised O electrons in benzene
increoeas its stability.

According w X-roy diffroction doto. benzene is a
planor molecule. According to the dota. all six C - C

bond lengths are of the same order (138 pm). which
is intermediate between (C - C) single bond (154
pm) and C = C double bond (133 pm). Thus the
obeence of a pure double bond in benzene acoounts
for reductance to show an addiion reaction under
normal conditons. it exploinse benzene's wnuzuol
behawviour.

Aromaticity

Benzene was aossumed to be the parent ‘oromonc
compound. The nome i now applied to oll ring
systems. whether or not they contain a benzene nnag.
which exhibits the followmng characteristcs

(1) Plonanwy

(2) The pi electrone in the ring have been completely
delocalised:

(3) The presence of electrons m the rng. where n
1w an integer (n = 0. 1. 2.) This is [cnown as the

Hickel Rule.
Few examples of aromotc compounds are as
follows-
Benzene Cydopentodicnyd Qydohegtotrenyl
anian agtian
(r = 1. 8z cloctrong)
(nm ZJﬂ::ﬁxﬂimﬂq} '
Phenenthrenc
(n= 1 14z cloctions)

g‘:](} Important

- Compounds which hawve £ plconjugated electrons

are antlaromatic while compounds which dont
hovwe a conjugated electron system are non-aromatic

compounds

Get More Learning Materials Here : &
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Arcrmam: compounds are organic compounds
olso known as °mono- and polycyclic aromatic

hydrocarbons®. The parent member is benzene
Heteroarenes are closely related since at least one

carbon atom of CH group is replaced by one of the
heteroatoms oxygen nitrogen. or sulfur. Aromatics

require satisfying Hucxels rule. Plants and micro-

organisms hove an exclusive route to benzene-
ring compounds. The great majonty of aromatic

compounds are produced by plants and micro-
organisms and animals.

(A) Which of the following
aromatic compounds?

is wrong aobout

(@) Aromatic hydrocarbons are also lonown as
arenes.

(b) They are pleasant to smelL

(c) Benzene is simplest hydrocarbon in
aromatic group.

(d) None of the above.

(B) Which of the following is correct regarding
agromatic compounds?

(@) They have only sigmao bonds.
(b) They have only pi bonds.

() They hove a sigmao bond ond delocolised
pi bond.

(d) They hove pi and delocalized sigmo bonds.
(O How do you define benzene's unusuaol stability?

(D) Why is not aromotic?
(E) Assertion (Ax Aromatic hydrocarbons are
stable.
Reason (R): Due to resonance hybrid they

hove more than one structure
which lowers their energy

ond thus makes it stable.
(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).
(b) Both (A) and (R) are but (R) is not the
correct explanation of (A).
() (A) is true but (R) is false.

(d) (A) is false but (R) is true.

Ans. (A) (d) None of the abave

Explanation: Aromaotic compounds are also
ltnown as arenes and hove pleasant odour.
Among aromaotic compounds benzene &
the simplest in them
(B) (c) They have sigma bond and deloaalised pi
bond
Explanation: Between the carbon atoms of

an aromalic hydrocarbon, there i@ always
a sigma bond and o delocalized pi bond.
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(C) When benzene is forced to react by raising
the temperatwe and adding o catolyst
undergoes substitution reactions insteod
of the addwion reactions seen in olkenes
Benzene's unusual stability was attributed
to the resonance stabiizotion of @
conjugated cyclic triene Benzene molecule
= o resonance hybnd of the following two
main contributing structwes

i |
& &
H—C/ \\C—H H—C// \C—H
oL
H—C L H—C c
e N
| g

Contributing structurnee

O Q-0

Due to resonance in benzene. the carbon-

carbon bonds in benzene ooquire an
intermediote character of carbon-carbon
single ond double bonds.

(D) As cyclopentadiene has (4n)r elecvons not
(4n+2)n electrons thus &t is not aromatic

@ Related Theory
= Juomotic compounds are thoszs that have e

following charactertstios

(1) Planarizy

(Z) The electrans in the ring have been completely
delocolized.

(B) The presence of (4n+2)0 electrone in the ring
wheren ks an integer (n=0. 1. 2_) This & known
as the Hictel Rule

(E) (o) Both (A) and (R) are true and (R) = the
correct explanation of (AL
Explanation: Aromotic hydrocarbons are

stable due to resonance hybrid they have
more thon one structure which lowers ther
energy and thus nmokea it stable

Properties
Physlcal properties

Aromaotc huydrocarbons are non-polar moleculss
thaot typicolly exist os colourless iquids or ealids with
o distinct aromo. BExample: Naphtholene balls ose
used in toilets ond in clothes oa on insect repellont
Aromaotic hydrocarbons are insoluble in water but
readily miscible in organic solvents. They emit o sooty
flame.

Get More Learning Materials Here : &
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Chemical properties

Electrophilic substituton reactions distinguish arenes.
They can however. undergo addiion and oxidation
reactions under cartain conditons

(1) Electrophilic substitution reactions

The most common electrophilic substitution reactions
of arenes ore nitration. halogenation. eulphonation
Friedel-Crafts alaqylotion and acylotion reactions in

which the attaclang reagent is an electrophile.
Nrtration

When benzene is heoted with o mbaure of
concentrated nitric add and concentrated sulphuric
acid (nitrating mbcture), o nitro group ie introduced
into the benzene ring.

@aﬂmkﬁiﬂ_n Co H SO, ﬂn

Norobonsooe

NQ,

«HO

Example 2.2: Out of benzene, m-dinitrobenzene

and toluene which will underge nitrotion most
easily ond why?

Ang. The (H; group donates electrons. whereas the

NO; group withdraws electrons. A= a result.
toluene hos the highest electron density,

folowed by benzene. and m-dinitrobenzene
hos the lowest As a result. the eose of nitration
decreases as follows:

toluene > benzene > m—dinirobenzene.

Haologenation

Holoorenes ore formed when arenes react with
hologens in the presence of a Lewis acid. such as
anhydrous FeCls. FeBry or AlCly

a
O +{:1: mdm: @ "

CHlarobenaone

Sulphonation

Sulphonaotion is the replacement of a hydrogen atom
in a nng by o sulphonic aad group. It is accomplished
by heating benzene wsth fuming sulphuric add

(oleum).
SO,H

+H,S0,(50) _4 +H,0
Furning sudphuric aad

Bennene sulphendc aad
(2) Friedel-Craft allgylation reaction:

Allgjlbenzene is formed when benzene is treated
with an aleyl holide in the presence of anhydrous
aluminium chloride
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H.C
N CI-I,C] Ardnyd AV R + HQ
Tolusene
CH,
a:d-uyd.m
+CHQO Cl"r +HQO
ethylchloride
benrene ethylbenzene

(3) Friedel-Craft acylation reaction:

In the presence of Lewis aads (AI(R). the reaction of
benzene with either an acyl halide or oad anhydride
yields ooyl benzene.

CQOCH,
+CH,00Q  Anhuc A, + HO
Acctydchlonde

Acctophenore

Q0CH,

{[J O
Aminyd A
©+ —J)—O—%—O—l, s + CH,000H
coutic anhydride
Boraans Lrootnodonons

if an excessive amount of electrophilic reogeat &
ueed. a further substitubon reaction may oocur in
which other hydrogen atoms of the benzene nng are
successively reploced by the electrophile. Example:
Benzene on weatment with an excess of chlosine in

presence of anhydrous aluminium chlonde formns
hexachlorobenzene

a
a a
+ 60, = > +6HO
a a
a
Hregdiiorobeonoone

Mechanism of electrophilic substitution reactions

Arenes are distinguished by electrophilic substitution
reoction& which taice the following three steps:

(1)
(2)
)

Generotion of the electrophile
Formotion of the carbocation intermediate

Removol of the proton fromn the carbocation
intermediate.

)

[
Hﬂ@fosu.ﬂ P S |
(0]

(@)

Hokie stnictime

Generation of the electrophile E

Anhydrous Al(, acts. as o Lewis odd. aids in
the generation of the electrophile Cr*, R®. ROD®
(acylium ion) during chlorination. alajlotion. and
acylotion of benzene by combining wath the
attoddng reagent

onc:,

— >+ uay-
CHoronium ion
C]-l,—/::]_}AlCl, — O, + Ay

7 .
CH,—C—a+AQ, —— CH,—C+[AO]”
0 0]
Generation of electrophile
In the case of niration. the nitronium ion sz

iz produced by the wansfer of o proton from
sulphuric aad to nitric aad as shown below:

o 0
|

HO — N — O + HSO,

H
-, |
I-HIJ"—H'TJD'z:* HO+O=—N=—ZTO
H

Generation of niranium lon

Interestingly during the generation of nitronium
ion. the sulphuric ocad serves os ocid and
nitric odd os the baoese It i@ o simple acid-base
equilibAum.

Formation of the carbocation intermediate
The attack of on electrophile results in the

formation of g-complex or arenium ion. with one
of the carbons sp3 hybridised.

E H
O+ f
g
-F

Arenium lon
(sigma complex)

Etectraphilic attacc

Forrnatien of mtermediote Catiore

|2 E E
“-g-0 O
1 possiilo ®

Aoprdum Catian

= Pagltive chargo
calnrallaod] ovar
S couiom araund

Arenium lon resonance stabdired.

Because electron delocalisotion stops at sp°
hybridised carbon. the a-complex or arenium ton

loses its aromotic character.
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(3) Removal of the proton from the carbocation
intermediate

To restore the aromatic character. the -complex
releanes proton from the sp? hybridised carbon
when attacked by [AIAJ ™ (n the case of

halogenoton. aolwloton. and acylation) and
[HSO4]” (in case of nitration).

E
-—-—-pri '] OTHD + AlQ,

E
msor, @rw

Example 2.3: Why does benzene undergo

electrophilic substitution reactions eosily and
nucleophilic substitutions with difficulty?

I mIX I m-I

Ang. Benzene 5 o rich souwrce of electrons due to
the presence of on electron doud containing 6
electrons obove and below the plone of the ring.
As a result it otracts electrophiiss (electron-
deficent reagents) wihie repelling nudeophidss
(elecuron-rich reogents). As a result. benzene easily
undergoes electrophilic substiuton reactions but
struggles with nucleophiic substiutions

Directive Influence of a Fundamental

Group in Monosubstituted Benzene

When o substitution reoction takes ploce in
mono- substituted benzene, three types of
disubstituted products are formed with unequaol
amounte which are ortho. pora ond meto. Two
types of behoviour is mojorly observed either in
ortho ond pora products or meta products. This
behaviour i dependent on the noture of the
substituent already present in the benzene ring
not depending on the nature of the entering
group. This is known os the directive influence
of substituents. The reosons for their position is
discussed belows:

Ortho and Para Directing Groups

The groups which direct the incoming group to
ortho ond para positions are colled ortho and para
direcing groups. Exomple: The phenolic groups
hove the following resonoting structure which
increcsee the electron density on the ortho and
pora position. hence the substitution will take ploce
at o—-ond p-positions. it is noted that -l effect of
—OH olso operates due to which electron density
on ortho and para positione of benzene ring is
slightly reduced. But the overoll electron density
is increocsed due to resononce. Therefore OH group
activates the benzene group at the artho and para

posrtions.

OH. — NH;, NHR. NHOOCH 3 -OCH,, CH,, GyHg are
ortho and para directing and octivating groups.

5-bur
X

Resonance soructures of phenol

In case of aryl haolides. halogens are deactivating
groups due to the strong -l effect. the overall

electron density at benzene will decreaees due
to the above effect. It mokes substitution difficulc
However, due to reaononce the electron density

ot ortho ond pora positions ore greater than that
of meto position. Hence. they are also ortho and

para-directing groups.

fEI.D O+ O+
S ¢

HH

G
!

3%

Resonance structures of chlorobenzene
Meta directing groups
Meta diuecting groups are one which directs the
Imeoming group ot meta posibion

-NO,, -ON. -CHO, “C0R. -0O00H. COOR. -SO3H. etc
are meta directing groups.

Example: In nitrobenzene. the niro group reduces
the electron density in the benzene due to the strong
effect

U)

=i =

Sty

o5
N

Resonance structures af nitrabencene

x>
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So. the overoll electron density at the benzene ring
decreases which mokes substitution more difficult
g0. these groups are called deactivating groups. The

electron density ot the ortho and para positons
iz less when compared to the meta position. So
substitution takes place at the meto positon

'TOPIC3
CARCINOGENICITY AND TOXICITY

Benzene and some polynuclear hydrocarbons wath
more thon two benzene rings fused together are toxc
and hove cancer-causing propertes. They are formed
a8 o result of the sncomplete combustion of organic
motenols such o= tobocom cool and petroleunn.
among othera They enter into the humaon body and
couse varicus biochemical reoactions and domoge
DNA finally ond cause cancer.

The following are some of the caranogenic
hydrocarbons.

CH,

3 - Methyilcholanthmne

Example 2.5: Case Bosed:

Cancer that starts anywhere in the body’s lumphatic

system s called lymphoma If they have the ability

to spread, they are called malignont The systema
lymphatica runs throughout our bodies and consists

of lymphatic tissue, vessels and fluid Lymphatic
mssue cantains lymph nodes. which are a part of the
system. The immune systern's job is to supply blood

cells ond protect against harm from nvading germs.

Cancers that begin in other organs and LUissues.
and then spread to the system lymphatica aren't

lymphomas. Lymphoma can. however, spread to
other parts of the body.

Benzene hos also found Limited applcation in

medicine for the treatment of certain blood disorders.
like polycythemioc and malignant lymphoma.

Exposure to benzene. an important industrial

chemical and component of gasoline. is a widely

recognized cure to minimize the destruction coused
by malignant lymphoma

Doctar diagnosing problem

(A) Arenes are:
(o) Non -carcinogenic
(b) Mostly gases
(c) Volatle
(d) Water soluble

(B) Which of the following
carcinogenic?
(a) 1, 2-Benzanthracene
(b) Cyclohexane
(c) Ethune
(d) Nitrobenzene

(©) What is the general formula of the aromatc
compound?

(D) Give a few examples of meta-directing groups.

(E) Assertion (A): A butter s8tain on a
tablecloth can be removed
with benzene.

Butter has o strong affinity
for benzene.

(o) Bath (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.

(d) (A) is false but (R) is true.

Ans. (A) (c) Volatile

Explonation: Because arenes hove o very
low boiling point they are highly volotle in
noture.

(B) (o) 1. 2-Benranthracene

Explonotion: Benzene and polynuclear
hydrocarbona contoining more than

compounds is

Reason (R):
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two benzene nngs fused together are (D) -NO,, -O\N. CHO. -COR. -000H. COOR. -

carcinogenic. SO4H etc are a few meta-directing groups.
(C) Aromatic compounds are cdassified nto (E) (b) Both (A) and (R) are true but (R) is nat the
eeveral sernes bosed on the number of carrect explanation af (A)
fused benzene nngs in their molecules Explanation: A polor solvent i= a benzene
GHzomgm @ their generol formulo. where n Butter is made up of argonic compounds
= the number of carbon atoms ond m @ the with low polority. As a result it dissolves in
number of rings. benzene
(OBJ ECTIVE Type Questlons)
[ 1 mark ]
MI.I'tiplE Choice Questions 4. Among the following compounds, the one
which is most reactive towards electrophilic
1. Aromatic hydrocarbons are also known as: nitration is:
(a) Cyclic compounds (o) Benzoic acid (b) Nitrobenzene
(b) Arenes (c) Toluene (d) Benzene
(€) Alkynes [Delhi Gov. QB 2022]
(d) Alkenes Ans. (O) Toluene
Ans. (b) Arenes Explonation: ¥ the group otmoched w the
Explanation: Aromatic hydrocarbons are also benzene ring i electron donoting. then it
lmown ae arenes. Compounds which have at will the release electrons to benzene and
least one triple bond between carbons are the electron density of the benzene ring will
lonown as allaynes and compounds that have increase If the group attached to benzene ring
at least one double bond benween carbons are i electron withdrowing. then it will attract an
lonown as olkenes electron from the benzene nng and the electron

densily of the benzene nng will decrease.

Higher the electron densitu, higher will be the
reactivity towards electrophilic substitution (or

2. Which of the following aocts as an electrophile
in the chlorinotion of benzene?

(@) CF (b) €~ nitration).
(@ c (d) FeCls Thus the order of reactvity Ctowards
Ans. (@) Cl* electrophilic nitrotion for the given compound
Explanation: In the chlonnoton of benzene s
the electrophile is chloronium ion (O%). Toluene > Benrene > Benzoic add >
Nitrobenzene
Related Theory
= During chlorination anhydrous AlQls being a Lews= 5. Carcinogenic compounds are toxic because
add helps In the genemtion of the elecoophile O° theu:
by combining with the attacking reagent (o) couse heart failure
. a _+ @ e (b) domage the kidney
H(:‘ge_a . a {f— Icr] Qe—=-areq, (c) domage the retina
Bl s i eaciing i (d) damage DNA and cause cancer [DIKSHA]
foloul cishdo with @ pasfhe Gurge corziting o
bosa) (o Lowa en it Sbomnwmion  ANS. (d) damaoge DNA and cause cancer
el
Explanation: Some polynudear hudrocarbons
3. Arenes does not possess: with more than two benzene rings fused
(o) Delocalisotion of pi-electrons together are toxac and have cancer-causing
(b) Greater stability properties. They are formed as a result of the

mcomplete combustion of orgonic maoterials

() Resonance
such os tobocoo coall and petroleum. among

(d) Electrophilic additions

othera.
Ans. (d) Electrophilic additions
Explanation: Electrophilic substitution reactions @. When benzene reacts with CHyCOCI in the
occur in Arenzs. Due to resonance stabdisction presence of AICl3, the result is:
arenes do not give an electrophdic additon (o) CgH(CH; (b) CeHCl
reaction in their noturol state. (c) CeH(COCH4 (d) CeHsCOC
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Ans. (c) CHsCOOCH;

Explanation: In the presence of Al(a, benzene

reacts with CH300Q tw form CgHCOCH,.
Friedel - Crofts. oculoton of benzene is the
name of this reaction.

@ Related Theory

= In the presence of Lewis adds (AKJ3) the reaction of

benzene with either an acyl halide or ocd anhydride
ylelds acyl benrene.

QOCH,
(v e (Y

7.Iln an electrophilic substitution reaction

of nitrobenzene, the presence of the nitro

group.

(a) Deactivates the ring by an inductive
effect.

(b) Activates the ring by an inductive effect

(c) Decreases the chorge density ot the ortho
and para position of the ring relatve to
the meto position by resonance.

(d) Increases the chorge density at the meta
position relative to the ortho and para

position of the ring by resonance.
[NCERT Exemplar]

Ans. (c) Decreases the charge density at the ortho

and para position of the ring relative to the
meta position by resonance.

Explanation: The NO- s an ortho and para
activating group ond also possesses an effect
which tends to mcrease the electron density
at the ortho and paro position of the benzene
ring when compared to the the meto position

8. In the given reaction

CHO
Conc LSOy » A
Conc HRO,
A is:
(@) cHO (b) cHo
NG,
NO,
() cHo (d) cHO
NO,
NO;
NO,

Ans.

Ans.

@
NO;

Bplanation: Aldehyde i an electrom-
withdrowing and hence metao directing group.

Thus in benzoldehyde incoming electrophie
(NO5°) will attack at the meta position, giving

m-nitro benzaldehyde os a maojor product

For an electrophilic substitution reaction, the
presence of a halogen atom in the benzene

ring
() deactivates the ring by inductive effect
(i) deactivates the ring by resonance

(ll) increoses the chorge density at the
ortho and poro position relative to meta
position by resononce

(IW)directs the incoming electrophile to the

meta position by increasing the chorge
density relotive to the ortho ond pora

position.
Choose the correct option:
(@) () and (IV) (b) (M and (1)
() (D) and (V) (d) () and (1)
(b) () and (1))

Explanation: The presence of a halogen atom
in the benzene ring deactivates the ring by
inductive effect ond tends to increase the

chorge density ot ortho and pora positons
relotive to meta position by resonaonce n an

electrophilic substitution reaction

Assertion-Reason (A-R)

In the following question no. (10-12) a statement

of ossertion followed by o statement of reason
is gilven. Choose the correct answer out of the

following choice.

(a)

Both (A) and (R) are true but (R) is the correct

explanation of (AL

(b)

Both (A) and (R) are true but (R) is not the

correct explanation of (A).
(€) (A)is true but (R) is false.

(d)
10.

x>

(A) is false but (R) is true.

Assertion (Ax The compound cyclooctane

lras the following structuraol
formula:

L)

it is cyclic
conjugated 8r-electron
system but it is not an
aromatic compound.

(4n+2)0 electron rule does
not hold good ond ring is not
plonar. [NCERT Exemplar]

and hos a

Reaoson (R):
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Ans. (o) Both (A) and (R) are ue and (R) is the
correct explanation of (A)

Explanotion: Aromaticity i demonstrated
by compounds with the following propertes:
planorntu. complete delocolzaton of the
electrons in the nno. and the presence of
(4n + 2=electronsinthering. wherenisaninteger
(n=0. 1. 2.) This = lcnown as the Hicdkel rule

The given compound &8 antiaromabc according
to Huckel's rule.

@?iﬂkﬂmfﬁmnq;

= Students apply the formula as (4n) 2 electron wircn
is an involid formula for Aramatiaty

11. Assertion (A): Pyrrole is on aromatic hetero-
cyclic organic compound.

It has Ba electrons thot are

cyclic and delocalised.

Ans. (g) Both (A) and (R) are tue and (R) is the
correct explanation of (A).

Explanation: Pyrrole is o fiwe-membered
ring heterocydic compound. [t containg 6=

Reason (R):

elecrona. As 4= electrans in the ring and 2=
electrons donated by the nitrogen atam in ring.

H
N

\ /

Pymolk

14. Assertion (A): Benzene reacts with chlorine
in the form of Llight to form

BHC.
BHC Is also called ggommexone
or 666. [Delhi Gov. QB 2022]

Ans. (b) Both (A) and (R) are true but (R) is nat
correct explanation for (AL

Reason (R):

Explanation:
H Cl
H
@ 30, _SmEght ) | 4 a
H
Bernserne a
Cl H
Benaone henachlonde
(BHC)

(CASE BASED Questions (CBQs))

[ 4 &5 marks ]

Read the following paossages and onswer the
questions that follow:

13. The molecular formulc of benzene =
determined by elemental analysis. As a result.
benzene iz a highly unsaturated compound. It
took several years to gssign its structure due
to s unique properties and unusuaol stability
Benzene was discovered to be a stable
molecule that forms a triozonide. indicating
the presence of three double bonds. A
compound ‘A’ contains a meta-directing group.
This compound is produced when benzene is
heated with a mbaure of concentrated nitric
acid and concentrated sulphuric aad.

(A) Identify the compound ‘A’

(B) What are meto-directing groups?

(C) Comment on the structure of benzene.
Ans. (A) Compound ‘A’ is nirobenzene

NO,
HNO,
—_t
H.S0,
Senmeme Aerrpbonnene

(B) Meta dwectors are also referred to
as deactivators. Meta directors are
substituente in an electrophilic aromatic
substitution that aids ;n the electrophilic
attack of the Meta substituent For
example- nitro groups. eulphonic groups.
and carbonul compounds.

(O The moleculor formula of benzene is CgHg
as determined by elementol analysis. As
o result. benzene is o highly unsoturated
compound. Benzene was discovered to be
o stable molecule that forms o triczonide.
mdicating the presence of three double
bonds Benzene was also discovered
o produce only one monosubstituted
derivative. indicating that all six carbon
and sox hudrogen atoms in benzene are

identical
H
I
C
H—C/ \C—H
| | I
H—C\C /C—H
;
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14. Benzene has six = electrons which are

delocolised and can freely move around the six
carbon nudleL The nuclei of the carbon atoms
attract the delocalised electron cloud more
strongly than the electron cdoud localised
between two carbon atoms. As a result the
agppearance of delocalbsed = etectrons @
benzene increases its stability

According to X-ray diffraction data. benzene =
a plonar molecule. According to the data all
six (C-0) bond lengths are of the same order
(139 pm). which is intermediate bebween
(C0) single bond (154 pm) and C = C double
bond (133 pm). This behaviour can be explained

on the basis of delocalisation of p-electrons.

(A) Benzene has. ... pi electrons.
(@ 0 (b) 6
(o) 3 (@) 1

(B) What is the hybridisation of carbon
atoms in the benzene ring?
(o) sp” () sp?
(c) sp (d) dsp?

(O Which of the following compounds

is formed when benzene reocts with
hydrogen gos in presence of Nickel?

(a) Hexuyne (b) Hexene
(c) Cyclohexane (d) Cyclopentane

(D) Four structures are given in options (i) to
(v). The correct option which represents
the aromatic structures is

® - ol —
avatip
Optons:

(a@) M and (1) (b) () and (1)

(c) (N and () (d) (N and (V)
(E) Benzene reacts with anhydrous
aluminium chloride in the dark and cold

atmosphere to form . _

(a) chlorobenzene
(b) toluene

(c) hexachlorobenzene

(d) acetylene

x>

Ans. (A) (b) 6

Explonation: Benzene hos 6 pi electrons.
Six pi electrons in benzene are delocaolized
in e p-orbitals that overlap across each
plone of the nng. Becouse of the looeely
held pi electrons. the benzene ring becomes
electron-rich. ollowing it to react with
electrophiles. Because benzene adheres to
Hudel's nde. it is exceptionaolly stoble As o
result. reactions that preserve the aromatic
ring are preferred

®) (b) sp*
Explonation: Carbon atoms in the benzene
rmg hove o tngonol plonor geometry

around them, and thus the hybridization &=

2
sp”.

(O (c) Cydohexane

Explonation: Hydrogenation of benzene
produces cyclohexane under wigorous
conditions, ie, at high temperature and
pressure in the presence of a nickel catalust

©) (b) () and (W)
Explonation: For o compound to be

aromatic it should follow Hudkel Rule
Thotis

(1) It should have (4n+2Z) = electrons.
(2) It should be plonar.

(3) m-electronss must be delocalised.

Theee conditons are fulfilled by (1) and (1)
only hence these two are aromatic.

(B) (c) hexachlorobenzene

Explonation: If an excessive amount of
electrophilic recgent is used. a further
substitution reaction may occur in which
other hydrogen otoms of the benzene
rings are successively reploced by the
electrophile.

_ Anhyd AICL,
O +60, daric cold 7

a
a
+ 6HA
a a
a
Hanaocihiompbonacne
@) www.studentbro.in



(VERY SHORT ANSWER Type Questions (VSAD

[ 1 mark ]

15. Write o chemicaol equation for toluene
combustion.

HC

Ans. + 90, —=> 700, + 4H.0 + Heat

16. What does Hickel rule state?

Ans. |t stotes thot for any compound being aromatc
it should accomplish (4n + 2)0 electrons

17. Starting from benzene, how would you
synthesize m-Bromonitrobenzene.
[Delhi Gou QB 2022]

Ans.
N0, NOS
O 2o £ =
H.S0, Fedlr,
rlromenitobonnsne

Answ.Toluene is

1B. What is the colloquial term for aromatic
huydrocarbon?

Ans. Aromotic hydrocarbons are also lhown are
Arenea

19. State whether roluene is aromotic or not

clossified aos an oromotic
hydrocarbon In chemicol structure. itis o mono-
substituted benzene derivative compaoeed of a
(H5 group ottached to o phenyl group and &
follows Hidels rule of Aromaotaty

20. Why does the presence of a nitro group make
the benzene ring less reactive in comparison

to unsubstituted benzene ring? Explain.
[NCERT Exemplar]

Ans. Nitro group hos o nitrogen bonded to two highly
electronegobve oxygen atoms. This results in
the decrease of electron density around the
nitrogen atom ond nitrogen possess a partiol
positive charge which maokes the benzene rning
less reactive.

(SHORT ANSWER Type-l1 Questions (SA-ID

[ 2 marks ]

Z21. What econditions must a compound meet
in order for it to be aromatic? Give a few

exomples also.
Ans. Aromotic compounds are those thot hove the
following chaoracternistica
(1) Planarity
(2) The electrons in the mnng hove been
completely delocabzed.

(3) The presence of electrons in the nno. where
n is an integer (n = 0. 1. 2_). This is lsnown
as the Hickel Rule.

Some of the aromaotic compounds are as
follows

0 L U

Qyclopemadionyl  Qyclohepeatricnyl
CIraLoam ohon
22. What hoppens when Chlorine is passed

through benzene in the presence of sunlight
and obsence of hologen carrier?

Boroene

[Delhi Gou QB 2022}

Ans. When chlonine & possed through warm
benzene in presence of the sunlight. the

Get More Learning Materials Here : &

product obtained @ Gammexane. It = also
called benzene hexachlonde (BHC) or 666 or

gamma- Lindone. [t is an insecticade.

a
a
% a8
a a
Bouene
EHC

23. What is the difference between benzenoids
and non- benzenoids compounds?

Ans. Aromatic compounds with o benzene ring

are referred to as benzenoids. while thaose
without o benzene ring are referred to as non-

benzenoids.

24, Establish a procedure for converting phenol
to benzene.

Anas. In the presence of zinc and heat. & will reduce
to benzene.

OH
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25. Arrange the following set of compounds

in the order of their decreasing relative
reactivity with an electrophile. Give reason.
[NCERT Exemplar]

ARG

Ans. The +R effect of —0OCH43 > —Cl and —NO; has

a — R effect. As the electron densily increases
on the benzene ring fts reactvity towards
electrophile increases

Hence the reactvity order of the substituted
benzene rings is as follows:

CeHg—OCH3 > CgHg—A > CgHs—NO,

2B. Despite their effect, halogens are ortho and

para directing in halo arenes. Explain.
[NCERT Exemplar]

Ans. Hologens in the benzene ring hava. the -/ effect

that deactivates the ring but effect increases
the electron density on ortho and para
positions when compared to the meta positon
So, the hologens are ortho and para-directing

groupe.

(SHORT ANSWER Type-Il Questions (SA-Il))

[ 3 marks ]

27. Whot do the terms ortho, meta, and para

nean?

Ans. The aromatic compounds containing the two

groups ot odjocent positons ée. the 1. 2-
positbons, are lomown os ortho and are denobed
by the symbol ‘¢’

The aromatic compounds containing the two
groups in alternoze positions. ie. the 1. 3-
positions. are lonown as meta ond are denoted
by the eymbol ‘m"

The aromaotic compounds with the two groups
at the diogonaol positons, ie. the 1. 4- positons.
are referred to as para-. denoted oz 'p’

28. Whot are the properties of aromatic

hydrocarbons?

Ans. Few properties of aromaotic hydrocarbons are

os follow=s

(1) These compounds have high aromatiany

(2) Because of resononce. these compounds
hove excellent stability.

(3) There iz o signiicant carbon-to-hydrogen
rauo.

(4) Aromatic hydrocarbonscanbe aromabeally

substituted i both electrophilic and
nucleophilic ways.

29. Wnite about Friedel craft acylation reaction.
Ang. In the presence of Lewis acids (Al(,). the

reaction of benzene with either an acul halide
or acid anhydride yields ocyl benzene

QoCH,

+ CH/000 i s N

if an excessive amount of electrophilic reagent
i@ used. o further substitution reaction may

x>

occur in which other hydrogen atoms af the
benzene nng are euccessively replaced by the

electrophile

a
Ashud
©+GG’ d:d:.;?; HEHA

30. The ring systems hoving the following

characteristice are aromatic (I) planar ring
containing pi conjugated bonds (ii) Complete

delocalisation of pi electrons (i) The
presence of (4n #2)0] electrons in the ring,

where n is an integer (n = 0, 1, 2._). This is
lnown as the Hiickel Rule.

Using this information clossify the following
compounds as aromatic and non-aromatic.

OO0

Qv ey

[NCERT Exemplar]

Ans. Aromaticcompounds A_E and F. This s because

these compounda follow oll the characteristics
required for o compound o be aromaotc

Non-gromatic compounds: B. C. D ond G . This
is because these compounds do not follow all

the charactenstics required for o compound to
be aramatc
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(LONG ANSWER Type Questions (LAD

[ 4 & 5 marks ]

31. bploin the resononce and stability of
benzene.

Ans. Resononce is the phenomenon m which two
or more structures for o substonce can be
written that involve identical otomic positone.
The resononce structures in benzene are
represented by Kekulé structures (1) and (2L
The molecule's actuol structure is represented
by o hybrid of these two structures

>-Q-0-0

The orbital overlopping provides o clearer
picture of benzene's structure. In benzene. all sox
carbon otoms are sp? hybridised. Each carbon
atoms two sp* hybrid orbitals overlop with the
sp? hybrid orbitals of adjacent carbon atoms
to form sx C—C sigmao bonds in the hexagonol
plane. Six C-H sigma bonds are formed when
a carbon atom remaining spz hybnd orbital
overlaps with a hydrogen otom s-orbital As
shown belovw each carbon atom now has one
unhybridised p-orbitol perpendiculaor w the
nng plane

As o result the six elecbrons are delocalised and
can freely move around the s carbon nucleL The
nuclei of the carbon atoms attract the delocalised
electron cloud more strongly than the electron doud
localised between two carbon otoms. As o result
the oppearance of delocalised electrons in benzene
increases its stability.

According to X-roy diffraction dota. benzene is a
plonor molecule. According to the dato. all six C-C
bond lengths are of the same order (139 pm). which
is intermediate betwesen (C-LC) single bond (154 pm)

x>

and C=C double bond (133 pm). Thus, the presence of

o pure double bond in benzene lends itzelf to the idea
of benzene's reductonce to show odditon reaction

under normal condmions. It explains
unusual behowour.

benzene's

92. What i=s the directve influence of a

fundomental group
benzene?

Ans. There is moinly two wpes of influence which
are as follows

in monosubstituted

When substitution reacton tokes ploce in
mnono-substituted benzene three types of
disubstituted products are formed with
unequal amounts which are ortho. paro and
meto. Two types of behowviour are maojorly
observed either ortho and paora products or
meta products This behoviour is dependent
on the naoture of substituent already present in
the benzene ring not depending on the nature
of the entening group. This is ltnown as drective
influence of substtuents. The reasons for their
position are discussed:

Ortho and para directing groups: The groups
which direct the ncoming group to ortho
and paro positions are called ortho ond parao
directing groups. Bomple: The phenolic groups
have the following resonoting structure which
increases the electron density on the ortho and
para paosition. hence the substitution will takes
ploce in this positon It is noted thot - effect
of -OH also operates due to which electran

density on ortho and para positions of the
benzene ring is slightly reduced. But the overall

electron density is increased due to resonance.
Therefore -OH group activates the benzene
group at the ortho and paro positons.

OH. -NHR. NHOOCH 3, -OCHs, -CH>, CH¢ are
ortho and para doecting and activating groups.

(:E:H -OH =EZIH
G- -0
0 o a
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-2

Rezonance structures of phenol

Meta-directing groups:

Meto-directing groups are one which directs the
incoming group at meta posituon

-NO,, -ON. -CHO. -00R. -000H. ODOR. SO, H. etc
are meto-doecting groups.

Bample: In nitrobenzene. the niro group reduces the
electron density in the benzene dueto tl'ee strong effect.

% %8 ° ;f (5 Bl

SO

Resonance hybrid of Nitrobenzene

Sa. the overoll electron density ot the benzene ring

decreoses which molkes substitution more difficulc
eo0. these groups are called deactivating groups. The

electron density at the ortho ond poro positions

15 less when compared to the meta position. So
substitution tokes place at the meta position

R 4
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