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

Classification of Hydrocarbons and Aliphatic Hydrocarbons

Aromatic Hydrocarbons and Carcinogenicity



CLASSIFICATION OF
HYDROCARBONS AND ALIPHATIC
HYDROCARBONS

"TOPIC1
CLASSIFICATION

Bosed on the wpes of carbon-carbon bonds present
in hydrocarbons they are clossified wunder three
calegories:

(1) Saturated hydrocarbons

(2) Unsaturated hydrocarbons

(3) Cuclic hydrocarbons
(4) Aromaotc hydrocarbons

Saturated Hydrocarbons

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

Unsaturated Hydrocarbons

They are hydrocarbons that hove double or uiple
covolent bonds between odjocent carbon otoma
The teran "unsoturated” meons more hydrogen

aotoms maoy be odded to the hydrocarbon to make

it soturoted (te. consisung of all single bonds). The
configurotion of uwunsoturoted carbons mcludes
straight chains such as alkenes and olcynes as well

as branched choing and aromaotic compounds.

Cuyclic 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 hove
saturated single nngs Bridged aycloalkanes contaoin
one or more pogs of carbon atoms common to two
or more rings. The inclusive terma for any cuclic
hydrocarbons hoving ony number of such muluple
bonds are cycbc olsfins or cydic acetulenes.

Aromatic hydrocarbons are circularly stuctured

orgonic compounds that contomn sigma bonds

olong with delocolized pi electrons. They are also
referred to os arenes or aryl hydrocarbons. Aromatic
huydrocarbons are o special wype of ajclic compound.

[ Hydrocarbon }

Aliphotc
Hydrooarbons
I
Allaydic Cucli
Cipe Gl Hgdrnmr‘l:mns
Hydrocarbons
I
Sowrated Unsowrated
Hydrooarbons Hydrocorbons

Araomalic
Hudrocarbons

Benzold Non-benzoid
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ClassHFication of hydrocarbens



'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.

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 alkanes which contoin four ar more
carbon atoms ehow structural isomersm. 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
a contmuous or with a branched choin manner in the
followsng 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.



pentane. isopentane and neopentane hove the some o,

molecular formula but different choine hence these Ii’ Ii' I IiI H H HH
are loown as chain isomers. H—C C CCH
The CgHi4 has got five isomers and CyH,g hoa nine I-I-l l!l I |I| |.I| I | |.I|
and 75 isomers are possible for CypgH;2 ad HC O,
Example 1.1: Write structures of different choin 22 Dimethyl butane 2 3-Dimmethyl butane
isomers of alkones carresponding to the molecular (Neohexane)
formula CgH,; 4. Also, write their IUPAC namee.
Ans. The posele chain lsomers of CH; 2
HHHHHH H HHHH A carbon atom is dlassified as primary (1°). secondaory
H—(:‘,—l:‘,—t:‘,—l:‘,—(:',—<:',—H | | | (2°). tertiary (3°) or quatermary (4°) depending an
HHHHHH H H HH the number of carbon atoms linked to it A primary
CH, carbon atom is connected to no other carbon atom
Ao 2- Methyl pentane as n methane. or to only one carbon atom as in
(zohexane) ethane. Carbon atoms ot the end of a choin are
T Ii' 'if T 'i’ always primary Secondary carbon atoms are thase
that are connected to two other carbon atoms Three
HI HI | HI HI carbon atoms are attached to tertiary carbon. while
CH, four carbon atoms are attached to neo or quaternary
2-Methyl pentane carbon

Exomple 1.2: Write the structures of different isomeric allayl groups carresponding to the molecular
fornmulo CcHy 4. Write IUPAC names of alcohols obtalned by attachment of —OH at different carbons of the

alyl chain

Ans. — - = B . . T
S. No. Structure of - C¢H,; Group Corresponding Alcohols Name of Alcohols
ﬁ] D—I;.,—D—I;—D—I;—EH;—CH;— G‘Ig—ﬂ‘Iz—ﬂ‘Ig—O‘I]—G‘Iz—DH Pentom-1-ol
D‘IJ—D‘I—%—%—% O‘Ig—‘.l:]‘I]—D'I]—D‘I]—C]‘Ig Pentom-2-ai
|
OH
(@ Hy-CH-H-CH-OHy CJ-I;..—D—II—(I.'J-I—D-I;—CJ-I;, Pentmmn-3-ai
I
| B L OH
) CHa CH, 3- Methyl-
I | buran-1-ol
CHy- CH- O - CHy - (H3—CH - CH, - CH, - OH
V) H, CH, 2- Methyl-
I I buton-1-al
(Hy-CH;-H-CH, - Hy-H3;-CH-CH;-0H
() CH, CH, 2- Metgiyl-
I I buton-2-ol
D—Ig—D-I;-fi‘,-CJ-Ig Hy-C-OHL, -0
|
OH
(va) CH, CH, 2.2- Dimethul-
I I propan-1
CHy-C-CHy- (Hy-C-CH,-0H
I |
CHy CH;
(van) CH; CH, OH 3- Methyl-
| I I I buton-2-al
CHy-CH-CH-H, CH3-CH-CH-CHy
EE— . L )

The [comers of CdH;



Table: Nomenclature of few Alkanes

[S. No. Stucture and IUPAC Name

Remarks

o |pv g
CH, - "CH,-'CH, - CH - 'O - 'O,
(4 - Ethul - Z - methylhexane)

Lowest sum and alphabetical
arrangement

@ O O
d ] Homolss
(M) CH,-C-D0-0-C-CH, 5
Bonmyd poomdde

O
i

@ CH, CHOH- O,

J
O -CHi-0On,

(5-s2c - butyl - 4 - isopropul decane

T
aas i
",
S {2 2-Dimethylpropul) nonane

2CH, -C-0° = 2CH, » 200,
(33 - Diethyl-5-=opropyl-4-methyloctans)

"CH, - OH, - 'OH, - \CH - "CH CH, CH, OH, CH, OH,

() | OO - 0L - 04,0404 OO O

Lowest sum and alphobetical
arrangement

cecis not considered while
arranging alphobeticalls
isopropyl is taken os one waosd

Further numbering to the
substituents of the side chain

o | toioiio oo,
I |
CH,CHy Oy
(% - Ethyl - 2 - methylheptane

Alphabetical priority arder

Example 1.3: Write IUPAC nomes of the following
compounds :

(A) (CHy);3 C CH; C(CH1),
(B) (CH3,; C(CHy),
(C) tetra -tert butylmethane
Ans. (A) 2244 - Tewramethyl pentane
(B) 33 — Dimethyl pentane
(C) 3.3-Di-tert-butyl-2_2 4 4—tetramethyl-
pentane

To write the comect swucture from the
given IUPAC maome. fust choose 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 atom
iz satshed by putting the correct number of
hydrogen atoms. This can be understood by

writing the structure of 3—ethyl -2. 2— dim

ethylpentane in the following steps:

(1) Draw the choin of five carbon otoms
C-C-C-C-C

(2) Give number o corbon atoms

c-c¢-c-c-c

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

Cli't-:
c-c-Cc-c-C

| |
CHy CHe

(%) Sotisfy the valence of each carbon atom
by puttng a requsize number aof hydrogen

atoms
1‘i—]'l:
‘Gﬂ:-—f—fﬂ —al,— &y,
CH, OHOH;
2.Leinpad 2uBmetlagd pontone

Example 1.4: Write the structural formnulas of the
following compounds:

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

IHCm O BodberFo o _
Ans. (A) e B3k

NN N 4



Example 1.5: Write structures for each of the
following eompounds. Why are the given nomes
incorrect? Write correct IlUPAC nomes.

(A) 2 - Ethylpentane
(B) S - Ethul -3-Methyl-heptane

Ans. (A) CH; - 30H - 4CH, - SCH;, - SCH,
I
2CH;
I
OH3

2-Etizdoentone

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

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

E}l:_c:}i ;l a ; a T
CH O
3-Siod Senoving boptorse

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

(2) Alkones hoving 14 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 ncreasing
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 somers.

(4) Melting point also increoses with increosing
moleculor weight because it ta difhicult 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 olkones hove o
higher melting point thon odd-numbered ones.

(6) Alcones are generally insoluble in water as
they are non-polor molecules because of the
covalent bonds between C-C and C-H and also
becouse 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
iy molecular mass.

Chemical Properties

Alkones ore inert towards odds. bases. axadising and
reduang agents But they undergo the following
reactions under certain condiions:

Substitution reactions

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

Halogenation

Hologenation occurs when o substance iz heated
to a higher temperature or when diffused sunlight
or ultroviolet radiobon e present Nitrabon ond
sulphonation processes do not occur in lower alkanes.
Substitution reactions are those in which hydrogen
atoms in alkones are reploced with ather hydrogen
atoms. For example

CH4 +ﬂ=ii0-|!ﬂ+!-|ﬂ
Chicoooathane
H,-a+a,—0o,a, +Ha
Dichlorametizane
a0, +C,——CHAO, +HA
EFrichlorameotihane
aHa, +Q, =004, +HA

Teorociioromaothano

i, -0H, + O, ——- G, -CL,a +HA
éﬁcfmﬂwm

Rate of reaction of alanes with different haologens
isH>05>Br>b
Rate of replacement of hydrogens of alanes =
Fs2%51°
Fluorinotion i@ two wolent to be conwolled
lodinabon = a very slow and reversible

reacton. It can be carmed out in the presence
of oadising agents like HIOy and HNO,

CH, + L, —— Qe VY|
HO,+5H —|(/—————= 3,+3H0

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

(1) Inmation

(2) Propogation

(3) Terminotion

(1) Initiotion: The reacton & wnitioted by the
homolusis of chlorine molecules in presence of
ght ar heaot. The bond is wealker thon the CH
bond and hence iz easiest to brealk.

Light
a, > 201




(2) Propagation: Chlorine free radical ettocs the
methone molecule ond takes the reacton in the
forward direction by breoiong the C-H bond to
generate methyl free radicol with the formouon of
H-CL

The methyl radicol thus obtoined attoces 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 —> CHAa«a-

(3) Termination: The reaction stops after some tme
due to the consumption of reactants due to the
following side reactions.

The possible chain-terminating steps are:
2Q- —>
a-:-ti,— aia
2.0,  —> CHH,

Though in (3). CHy — A. one of the producis =
formed free radicals are consumed ond the chain
is terminated. The above mechanism helps ws to
understand the reoson for the formotion of ethane as
o by-product during the chlorinotion of methone

Alcones completely oadise to carbon dimade and
water with the evolution of large omounts of heat on

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

CHgy + 205y — 00y + 2H.0p AH, =-89DIdmol™

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

AH_ =-2875B84lmol™

The general combustion equoton for any alkane
19

CH +[3n2+1

The incomplete combuston of olanes with
insufficient amount of oir or dioxygen. carban
block is formed. It is used in the monufocture of ink.
printer inic. black pigments aond as filtera.
fprmempsiunn |
cH_+0 »C,#2H O,

& @ i ===

]O, —-n00, +(n+1)HO

Controlled oxidation

Alkones on heoting with o reguloted supply of

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

2CH OH

Adethanol

CufSa3K
T B Euomm

EC.qu +0m§3

asoy
H,,+0,,———HOHO+HO
nfrmnod

20H CH, +30, —=55= 3,204 COOH+2H 0

Ethanalc acid

Alkanes do not undergo oxidation but alkanes hoving

the tertiary hydrogen atom are oxidized to olcohols
by potassium permangonote

(CH)OH —=28 ,  (CH) COH
Zamiethilprepane Zurmethylpropom 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 o free rodical reaction

—> CHe + H

ey 173K E—
—> CH, + CH,sCH,
Pyroiyziz of allkane

@ Important

= (1) Petrol k£ a moaure of hydrocarbons and s uzed as
fuel in automobfles

(2) Petrol and lower fractions of petroleum are also
ueed for dry cleaning of clothes to remove gregze stains

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

CoHa  POPAW,  GH.+ GH_ + Other products
Dodecane 973 Heptare Pentene

Conformations

In alkanes. the distribution of electrons in sigma
moleculor orbital @ symmetrical around the
internuclear awds of the C-C bond. Thus it permits
the possibility of free rotauon 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 rotamess or conformationaol
SOMENs.

Torsional strain

It @ o wealk repulsive interaction between the adjacent
bonds of a molecule due to which the rotation around
C—Cbond s slightly hindered. The rotatiaon around C-C
s not completely free. it is hindered by o emall energy
barrier which = due to the repulsive interaction with
odjacent bonds.

Conformatlons of ethane

Eoch carbon atom is connected to three hudrogen
gtomz in the ethane molecule CoHg which has o



single carbon-carbon bonrd. Keep one carbon atom
immobile and spin the other carbon otom around the

C-C aas using the boll and sticle model of ethane. An
infinite number of spotol arrangements of hydrogen
are obtoined with respect to carbon aond huydrogen
which are colled conformotionol tsomers. The
conformation in which hydrogen atoms attached to
two carbons are close to each other is colled edipsed
conformation and in which the hydrogens are for
gport & kmown ms stoggered conformation. Other
intermediate conformotions are skew conformations.
All conformations hove the some bond length and
bond angles.

The eclipsed and staggered conformotions are
represented by Sowhorse and Newmaon projections.

Sawhorse Projections

In this projection. the molecules are viewed olong the
nnoleculor aas aond projected on poper by drowing
the central C-C bond as o longer straight lme. Each
carbon has three lmes ottached to it corresponding
to three hydrogen atoms. The lines ore inclned at
an angle of 120° to each other. with the upper end
sbightly tlted rtowards the right or left-hand side
Sowhorse projections of conformations of ethane are
depicted in the following higure.

i |
H/C\H H7C\H
T/ N e

Eclipsed carformotian Stoggesed conformation

I |
Sawhaosse 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
is represented by o point Three hydrogen atomns
attoched to the front carbon atom are shown by
three Lines 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 o
H H
H H
H [

Ny on
puogection

Souwhaorze

projectan

drown ot an angle of 60° to each other depict the

three hydrogen atoms linked to it. The staggered and

eclipsed Newman projections of ethane are shown in

the following figure.
H

H
H H H H
60" ratntion H
Dehedrol angle
H H
J H
H 60 H
0‘
Staggered Eclipeed
(lower energy) (higher enerqy)
Newman profection of ethane

Relative stability of conformations

In the stoggered form of ethane. the electron clouds

of carbon-hydrogen bonds are aos far opaort os
possible. Thus, there are minimum repulsive forces.
minimum energy. and momdmum stability of the
maolecule. On the other hond. when the staggered
form chonges into the eclipsed fonm. the electron

clouds of the carbon — hydrogen bonds come closer
to each other resulting in an incorease in electron

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

and thus has lesser stabiling. As already mentoned.

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

iz called vorsional strain. The magnitude of torsional

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 s

more stable than eclipsed conformation

The potental energy difference among the
confarmers of the ethane s about 3 lecalfmol or 125

Iddfmol colled torsionaol 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 iz not possible to separate the two
conformaotions of ethane.

Boll-and-Suck
model

Newman Sawhoree and Projection=s Boll and Stick



"TOPIC3
ALKENES

Alkenes are unsowrated hydrocarbons hoving at

leost one double bond between two carbon atoms
and they possess two hudrogens less than allanes

(C = O General formula of alkenes is (C, H5L The

first member of alkenes is ethylene ar ethene (G5 HY
which ig an oily Lquid that's why alkenes are also

lnown ae olefins (oil forming).

Structure of Double Bond

The double bond in olkenes consists of one song
sigma a bond and one weak pi (r) bond due o the
head-on overlopping of sp? hybridised orbitals and
sideways overlapping of sp? orbitals of two carbon

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

c-a
The m — bonds are formed by poor overlopping of p
orbitals. thus the electron in the alkenes are loosely

p-p(z - bond)
H

) AN Y

bound maobile electrons. These alkenes can be readily

ataciked by electron-occeptng reagents that are
electrophilic reagents. The presence of o weoker =
bond i olikene makes it unstable when compared to

alkanes and thus alkenes can be easily converted to
alkanes by reacting with electrophilic rezgenta. Bond

enthalpy of the double bond ia BB1 ki mol™ and the
(C-0O bond Enmulpg of bond is 348 kJ mol™".

=
Sk <
™

p’ o - band Ethene

Orbital plenure of ethene

nas-}

5 i g H

\

- cloud

0B\

(@

Wi = o

134pm 110 pm

®) ©

Orbital pictige of ethene showing (a) = - bond. (b) = doud and (c) bond angle and bond lengths

Nomenclature

The IUPAC nomenclature 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 ore derived from the simple alkaones
only by replacing the suffix —one to —-ene The first

stoble member of the alkene series is CyH4 ethylene
(common nome) or ethene (IUPAC).

Table: Structure and IUPAC nomes of some alkenes

e Structure IUPAC Name
No
(1) | H—H=0H, Propene
2 | H—H=CH—(OH4 2-Buiene
Q) [GH= 2-Methyl-
| 1-propene
CHy
(4 | H=H—CH+—OH;,—CH, 3-Methyl-
| 1-pemene
O,
Srructuoe and IUPAC namres

Example 1.7: Write the IUPAC names of the
following alkenes.
@ mm—m.:m—m,—iu

H—CH—-H

CH,
& AN\
(c')' CH;=C (Cl'l:CH:Q'l:]:
(D) CH,CH,CH,CH, CH,CH,

CH, - CHCH =c-m,-?lcn,

CH,
Ans. (A) 2.8 - Dimethyl — 3.8 - decadiene
(B) 135.7 - Octatetraene
(C) 2-Propylpent - 1 — ene
(D) 4 - Ethyl -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) ocbonds:17. abonds: 4

(C) o bonds:23. abonds:1
(D) o bonds:41. zbonds: 1




Isomerism
Alkenes show two types of isomerismt
(1) Svuctwol isomensm

(2) Geometrical isomerism

Structural Isomerism

Alkenes higher thon propene show structurol womerns

ike chaoin and position isomerae Bample Stuctural
isomers of butene (C Hg) are

H H
H HH H H H HH | I
I 11 1 1 1 11 H—C—C=C
H—C—CC=C HCC=CLCH | |
| I I I H H
H H H H H
H—C—H
Buz-l-=ne But-2-ene 2-Methylprap
-l-gne

Soructural konners of Butene

Stuctures first and third. and eecond and third are
examples of chain isomerism whereas structures fust
and eecond are position isomera

____________ IUPAC
nomes of different structural isomers of alkenes

corresponding to Cg¢Hyp-

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

/\( 2-Methyfnn-2-ene
/Y I Meghydbur-1-ene
/A/ 2-Methulbur-I-s==

Geometrical Isomerism

The double-bonded carbon atome satsfy the
remaoining valencies by joining with two otoms or
groups. By considering their linkoge geometrical
isomers can be of two forms nomely: cis- ond wrans-

iIsomers. cis—-isomers- in which the twoidenticol 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
CH, CH, CH, =
Ny s Nip 7
cC=2=¢C cC=—cC
# N /S X
H H H CH,
&
c=-But-2=n= rans-Bul-2-=n=

Geomelrical [somers reprecenting the dipole moments

These two isomers differ in physical propertes

Trans-isonners are non-polor because they haove zero
d=zpole moment For exomple: the dipole moment of
c=—2-butene is 0.33D whereas the dipole moment of
bans-2Z2-butene s almost zero becouse it is non-polar.
This can be understood by drowing geometries aof the
nwo forms as given below from which it ie clear that
m the trans-2-butene. the two methyl groups are

m opposite duections. Therefare, dipole moments of
C-(H; bonds cancel. thus malang the trans form non-
polor.

rans- form haos higher meltmg pomt than as- form
m case of eolids.

Geometrical or as-trans isomerism is also shown by
alkenes of the oypes XYC = OZ and XYC = CZW. They
can represented in bwo waus, where figure (0) 8 0 as
iwomer and figure (b) is a trans isomer.

X Z X Z
\c / N . /
I |
C
X Y v N
C) (b)

Geanmneorical Bomeram

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

names: (A) CHCl=CHO (B) C;HCCH4 = CCH G, H¢
Ans. H H H a
N\ N\ 7
fEe——
ST\

<\

C:E-l_z-cﬂchlﬂmer.ha'te trans-1_2-dichloroethene
komers of dichloro ethene
CH
Csz\C=C/C'7H¢ C'-J'k\c=c/ 3
S ™ il ™~
CH, CH, CH, GH,
a=-form trans-form

lzomers of 3 4—dimethyl hex-3-ene

Example 1.11: Which of the following compounds
will show geometrical isomerism?

(0 (CHY,;C=CH - CyH;

[E} CH: = CBl"z

(u)) CegHCH = CH - CH;

(v) CeHsCH = CH - CcH;

Ans. Suuctures (@) and (W) will show geometrical
isomerism as non-identical groups are binked to
each doubly bonded carbon atom. In structures
and (7). two identical groups are attached to

one of the doubly bonded carbon atomea hence
these will not show geometrical isomeriany




Preparation

From Alkynes

Alcynes on partial reducton. m the presence of
partially
deactvated with poisons like sulphis compounds or
quinoline. give alkenes.

dihydrogen and polladised charcool

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

Reagent: Paorually deoctvared polladised
charcool

H.{J\ fﬂ-l,
H—C =eC—{H,+ H.; j&) jC:nC\
H H

2- Butyne

as - 2 - Butene

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

Allgynes on reduction with this reagent gives
rans— alkenes.

H CH,

AN %
G nt-—Glen, SN, i
/ \

HC  H

2- Bunyne

oane-2-Butene

(3) Hudrogenouon of an olajne with Pdf C and H4
gives the alkane

_ Pd/C
oH—C=C—a, —;

> OH,—O—CH—OA,

H H
proceedsasia )-=-(
HC  OH,

(4) Hydrogenation of propyne to propene

PyPdpN
CHC=CH+H, > [CH-CH=CH]
Propune Hbmpem
From Alkyl halides

Dehydrohologenation: Alayl holides on reaction
with alcoholic potash in presence of heot eliminate
one molecule of haologen ocid to form olenes. This
reaction ia lnown as dehydrohologenation. [t = an
exomple of B elimination reaction

= H H

H |ICE 1:“ Y R \cz-c/
| | A / N\
e X H 4
X=CQLErD

:fﬁ Iimportant

- ReacO\ty order of halides: 1> Br> A
Reacovity arder of allyl groups 3° > F > 1°

From vicinal dihalides

Twao hologen otoms attached to twao adjacent carbon
otoms are lonown os vicinal diholides. Vicinal dihaolides

on reaction with zinc metol forms alkene by the
elimination of ZnX; malecule. This reaction is also

lnown os dehologenaton
{}I;Br—CH;Er +Zn— CJ-h:EJ—i] -!I-ZI'IBIQ
CH4CHBr—(CH4Br + Zn - CH4CH =CH4 + ZnBr,

From alcohols by acidic dehydration

Alcohols on treatment with concentrated sulphuric
oaod form olkenes with the eliminoton of one water

molecule This ia also a B elimination reaction

T T H H
N /7
Conc. HSO. 180°C
H ‘Ii 'Ii H — T 7 /C—C\ o HOH
H OH H "

Properties

Phuyslcal Properties

The furst three members of alkenes are goses. the next
fourteen members ore liquids and the higher alkene
are eolids. Alkenes are colourless ond odourless. But
ethene im o colourless gos with o faint sweet smell
All glkenes are insoluble in water but fairly soluble
in a non-polor solvent ke benzene. petroleuny
or ether. Boiing point of alkemez increosesz with
mize by stroight chaing howve o higher boiling point
thon isomeric branched chomn compounds

Chemical Properties

Albcenes 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
ore also added by the free radical mechanism. There
are cases whnen under speaal conditions. alkenes also
undergo free rodicol substitutton reactions. Oxidaton
and ozonolysis recctions are aleo quite prominent in
olkenes A bnef desciption of the different reactions
of alkenes is given below:

(1) Addition of dihydrogen

Alkenes = presence of finely divided nickel
plotinum and polladium. form alkones by the

addoon of one molecule of dihydrogen gos to it



PR —
| CHe*Hy——>CH, \
H H
N2 - ||
C==¢C + H—H mcelcotlyst ,  y—c—c—H
/ N\ Hydragen 150°C | |
H H H H
Erthene Ethane
(unsonurated) (aturaced) J
b
Addroon of dswdrogen in ethene
z HEr
(2) Additon of halogens H,—H=H—CH, ——>
2-butens

Addition of bromine and chlorine w alkenes forma

vianol dihalides. lodine does not show an addition
reaction. When bromine is added to unsaturated
compounds a reddish-orange colour of bromine
solstion is discharged which iz used for the tests
for uneoturation. This is an electrophilic odditon

reaction involving cudic holonium ion formaotion

Br Br
| |
Br, —
CH,=(H, fa. 12 G; EH:
ethene :
Bramination of ethene

H—AH=".+Q, —> H—aHa—xHAa
Propene to 12-dichlorapropane

Br,
+ enaniioner
'f:r

Addition of halogens in abbene
(3) Addition of hudrogen halides

Huydrogen halides odd up to alkenes to form allayl
holides. It & an electrophilic addtion reacton
Reactvity order of hydrogen holidet HI > HBr > HC1

(1) Addition of HBr to symmetrical alkenes

The hydrogen bromide gets odded to the
symmetncal alkenes. This follows the electrophilic
addmion mechaniann

" )-l HER 1

\
C= —_— H

H_J,_J,_H

H H
|
IL
H

B

HBr addtion to symmetrical alrenss

U"l.—il}'—ﬂ'l,—ﬂ".
Br

Z-bramobutane

Addirion of hydrogen bramide to 2-buzene

(o) Addition of HBr to unsymmetrical alkenes
(Markowvnikov rule)

Addrion of HBr to an unsymmetncal allkene follows

Markonikov's rule. According to this rule. the negotive
part of the oddendum (odding molecule) gets

attoched to that carbon otom which possesses o
lesser number of hydrogen atoms.

Mechonisn:

Hydrogen bromide provides an electrophile. H®, which
attacks the double bond to form carbocation as
showin:

3 d |
H,C—COH=CH, s H—Br

I
F. l

HC—CH—OH, + Br HC—CH—CH, + Br
(a) less smoble (B) more stable
primary carbocation zecondary carbocation

(1) The eecondary carbocauon (b) 8 more stable

than the primaory carbocation (a). therefore. the
former predominates because it is formed at a

foster rate.

(2) The carbocation (b) is attacked by Br~ ton to form
the product as follows:

A~

H,C—G*—Gi.———a-n,c;—m—ci,

|
Br

2-Eomopgmpanc
(moyor produrt)



(i) Anti-Markovnilov rule or Kharash effect or
peroxide effect

Addition of HBr to unsymmetrical allienes in the

presence of peroxide (HCOOOH) & done oocording to
lcarash 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 permade gives 1-bromopropane.

H H H
| H—Br
C ?
HOOOOH
we” gy HC OHBr

Mechanism: Peroxide effect proceeds wio free radical
chain mechanisnn:

g
(D GH-C-0-0-C-CH, omiEs
Bpmomyl poveddo

=0

2CH, - C-0=—~ 2CH, + 2D,
@ CH eH-br JOMOUE e

5)) H—CH= + Br

Hamolysie
¥ '
U-{,—{IZH—Oi, H—CH—OH—&r
Br
(@ ®)
(less stoble (more s2able
prirnary free cecondary free
radical) radical)

. Homolyses

€9 OaL-H-OlEr+H-Br o
CH, - CH,— CH,Br + Br
(major product)

Eﬁ/\} Important

w The anti-Mariownitor addition k& applicable for HBr only
not for HCl or Hl .

This could be because the H-Cl bond k= stronger (430.5k)
mol~) than the H-Br bond (3637 kJ mol=). end the fiee

radical does not leave & whereas the H- bond Is weaolver
(2968 KJ ma!"i end lodine free rodicols combine o
produce lodine molecules instead of adding to the double
bond

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

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

I'L\E'—)'H'GBF

"¢ step: The carbocation is attacked by the
nucleophile Br~ ion to give 2-bromopropane.
I e S Fast
CH— CH—CH, = Br == C‘*:—‘i“—ﬂ*-
Nuclecphle By
2-Bromopropane

In presence of benzoyl peroxdde. the reaction &=
still electrophilic but the electrophile here is a
Br- free rodical which is obtained by the action
of CgHg* on HBr

NN
CHOD—0—0 —OCH,

: ol i (Homolytic Fagion)
2CHE ——> 2CH+ @,
Bonsmoyl mdical Flremyl
(rrsagiic) racfir]

/~ YN :

CH + H—Br ——> C(CH,+FBEr

EBonamne
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-bromaopropane.

Fe= .
D-g]—ﬁ-l—ﬂ-le:‘.r 8 H-[ar—} OHp= OH =CH Pr s EBr
1 - Somapvopong
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.

Exomple 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 Peraoxdde

WM"'HET >

Hex-1-ene Br

T

Z-bromohexane




B AN
Hee-I-coe
B NN
1-bromohexane

(4) Addition of woter

Alkenes react vuth water @ the presence of aad and
woter to form olcohola. following the Marwounikov

rule
[
"U:—E'mfﬂs + HO i} HC—Cc— CH,
1- piopense ]
e
2-propanol

(5) Oxdidation
Alkenes on reaction with o cold dilute oqueous

soluion of potossium permaonganate (Bouyers
reagent) produce wcinol glycols.

2KMn0. + HO —> 2KOH + 2Mn0, +3[0]

Ca o) Sc—c(
3>C=qu HO =+ Cold 3.2 SETIN
From K\MnO, OH OH
(FPink Colow) (Colowrless)
KMnO, _ O
NoOH. Cold OH
Propene Propane-1.2-dol
Oxidation reaction with potassium permanganate
Alkenes on reoction with oddic potossiunn

permanganote odadise to lketones and acids
depending upon the noture ond condition of alkenes.

(CH3),C=CH; ——— ((H),L=0+00; + H,O
2- methyloropene Propanes 2 - ane
CH3-CH = CH - OHy — = 20H;000H

But - 2 enc Echaroke aod

(6) Ozonolysis

Ozonolysis of alkenes comprizes the additon of an
ozone molecule to the olkene to generate on ozonide.
which is subsequently cleaved into smaller molecules
by Zn - H;0. The positon of the double bond in
alkenes or other unsaturated compounds can be
determined using this reaction

0‘ \cp\{:{.—-—

>=c{ —2 P . J

Oronide

P ¢ /
ZnM,0 N e
—_— a + a
-ZnD 0 0

(Aldetnyde or ketones)

Example

/\

HMH=0O, 0, —> H,-C4
]

9] o
Fropeno ancnaide

Jows
CHLHO + HOHO

Eranal ethanal

cu,\/c"éﬂa
— = « 0, ——>
L a’\ 7
loTh 0—o0
Ptz propens) (Oserids)
lzmw
HOHO + OH—C—OH,

2popancne
(Aeutono)

Example 1.14: Write down the products of
azpnolysis of 1, 2- dimethuyl benzene (o-xylene)
How does the result support the Kekule's structure
of benzene?

Ang. 127 - dmmethyl benzene (o-ylene) may be
regaorded os a resonance hybnd of the
following two Kelule structures. Ozonaolysis of
each one of these gives two products as shown
below:

CH, CH,
&+ D-{: ~ G".‘
«—> =
) T m

l 6 0,CH A, 196K lm 0. CH L, 196K
@ Zn/HO

® 2, HO
h I
2 C o CH,
it o o N~
Mcthylgtyal g
I 2-Dimetindghenal
| 2 |

As o 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 Il

Example 1.15: Case Based:

Alkene is frequently used interchangeably with olefin
wehich refers to any hydrocarbon with one or more




double bonds. Monoalkenes are dnided mto two
categories: terminal and internal Terminal alkenes

are more helpful Alkenes are less stable than alkanes.
but they are more reactive The magjority of alkere

reactions invelve additions to the pi bond, resulting in
new single bonds Because alkenes may participate in

a wide range of processes. including polymerization
and allylotion. they are used as feedstock i the

petrochemical industru.

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 craciong is used to make alkeres Another
major approach for the production of alkenes is the

construction of a 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 disubstituted alkenes
can be accomplished by redudng alkynes

Molecular diagram of alienes

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

(d) CHy=CH,

(©) Which is more acidic out of ethylene and
ocetylene. State the reason.

(D) How will you convert ethanoic acid to ethene?

(E) Assertion(A): In CH; = C = CH, all the
hydrogen otoms 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 patassium permanganate
(B) (o) CHCIl = CHO
Bplanation:
H~ AH H\ -
arF=a oF=Su
as 1. 2-dchloroethene 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. acetylene is
more addic

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

mnvolved:
CH,000H—====_, 04 OCOONog—="=_;
CH,——H A ——CH,

—°1—>Cll-lsﬂ£:ﬁ-l, =CH,

(E) (d) (A) = folse but (R) is true
Bxplanation: The two H-atoms on the
fust carbon and the two H-atoms an the
third carbon atom in CH; = C = (H; be
perpendiculor to the planes. The centrol
carbon otoms are sp? hybridised.

"TOPIC4
ALKYNES

Alaynes 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 lonown as
acetylene.

Nomenclature and Isomerism

Alaynes are nome as derivatives of ocenjlene in
common eystem. In IUPAC systemn they are nomed as
denvatives of alkanes replacing suffix —one to yne.
Acetylene is used for arc welding purposes in the

form of oxyocewlene with oxygen gos Alajnes are
starting motenal for many argonic compounds

Tablez: Common and IUPAC names of alagynes

Value Common IUPAC
Foarmula Structure
of n Name Name

1 g __QH; H-C=CH Acetgiene_Etl'tgne )
) CaHe 0:1‘.3:;-!‘: E::-lri;ne Propune
4 e O e Btane

¢ | e cl0n locayione B0




Ethyne and propyne have one structiwe and butune
hove two stuctures namely but-1-yne ond but-2-
yne.

These wwo compounds differ m structure due tw the

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

oL—OH—H—C=0H
I-pantyne

H—O—C=C—0f
2-pentyne

G,
tH,—'C'H—t = tH
S-mermd-1-$tutyne
Position and chain lsomers of CdHg

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

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

Ans. The S5th member of ollgyne hos the maolecular
formulo CgHyp The possible isomers are
CH =C— 04 —CH—CH—CH,

[ i agprag
H,—C=C—OH,— CH—O4,
MemZupun
CH,— O — C=C—Oi—OH,
HesBagro
s-u:=c—?1—c:-|,—ug Hc=r:—|:H,—¢I:H—c:H,
o, CH
SLdoiuslpon Lagno Slfetingdoonod agmne
CH,
HC =C—%— CH,
CH,
3 3Dirrett=frzmu legm
H,—C =I.'.'.-i3|-l—{:l-l1
a,
dAdpotiafoer o

Position and chain [zomers of CaHzp

Structure of Triple Bond

Ethyne is the simplest molecule of the allyne senes

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

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 otoms forming two C-H sigmo bonds
H-C-C bond angle is of 180°. Each carbon hos two
unhybridised p orbitals whnich are perpendiculor to

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

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

two C-C sz -bonds.

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

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

length of C=C is shorter than the bond length of C=C

and C-C . Around the :ntemuclear axds. the electran
cloud between two carbon atoms & cylindrically
symmetricol [t is thue a inear molecule

©@

of the paper

above the plane
of the paper

in the plane
of the paper

Ortital picture of ezhyne chowing sigma and pl overlaps

Preparation

From calcium carbide

Ethyne is prepared by treating calaum carbide with
water on an industrial scale. Quiclk bme is heated wath
coke to maonufacture caloum carbide. The following
reactions show how to malke quick lime by heating
bmestone

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

Cdoeon

Corbide
CaC, + 2H,0—> Ca(OH), + CH,



From vicinal dihalides

Vicinal diholides are dehudrohologenated when
exposed to olcoholic potassium hydroxade One

hydrogen holide molecule s removed to form alkenyl
haolide, which is then weated with soda omide to

produce allkyne.

|

H H
fur Tainvs pa | e /
b

—H > -
HE-C—Heon —TER e pec
Br Br -HO H Br
NN | N Br
l-t\ﬁﬂ:
CHe CH
Properties

Physical Properties

Allagnes have the some phuysicaol propertiea os olkenes
and alkanes. All allynes are colourless. The odour of
ethyne is distinctive Other membess hove no odour.
Alllynes are weakly polor in natwre They are lighter
thon water and immiscible with water but soluble
in argonic solvents like ethers. carbon tetrachloride
and benzene With an increase in molor mass. their
meling point. boilng temperoture. and density
INCrease

Chemical Properties

Allynes show acidic noture. addiion reactions and
polymerisoton reactions as follows:

(1) Acldic character of alkyne

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

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

hybridised carbons m ethaone. Due to the momamum
percentoge of s-character. the sp hybndised orbitals
of carbon atoms in ethyne molecules haove the
highest electronegotivitu. hence these attract the
shored electron poir 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. hydrogen atoms con be Liberated
as protons more easily os compared to ethene and
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 oll hydrogen

atoms in alkynes

1
CH=CH+No-»CH=C Nao™ = EHJ

Monoomdivm
cthypnide

CH,C =C-H +NE’I’[\[H; — CH <=C =C No° +NH,

These reactons are not shown by alkenes and
alkanes.

UCJ/\} Important

- Acidic nature of alkane. alkene and allajne are as follows
(1) HCm CH> HXC=CH3z > CH3-CH;3
(2) HCm (CH> CHy—-Cm (CH>> (H3-Ce C-(Hy

(2) Addition reactions

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

molecules of dihydrogen. halogen. hydrogen halides.
etc. The formation of addmionol products takes place

through the following steps
R R
| &/ \e |
{|: c=C ——> c—

C=C/
VAR

R
o/ \ o
—C =C — C=C—
\ /
\E&wydic cation generation

The oddmionol product formed depends upon the
stability of vinylic cotion. Addition in unsymmetrical
aleynes takes ploce according to The Markovnilkov

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

() Addition of dihydrogen
HC=CH +H, PYPIMNE, HC=0t] =5 Oh-Ods

OH,- CoCH + 1y PIPANS S cH — CH = CH, |
Promyne Pocenn
fHs
CH,- CH,- O,
Fopponm
(1)) Addidon of halogens

This method is used os a test for unsaturation where

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

H,-C=CH+ Br-Br——> [CH,CRr = CHEY
1 2 Diomopropene

B,

Br Br

| |
OH,-C- CH
| |
Br Br

112 2-Ietroboaopopanc
(i0) Addition of hydrogen halides

Two molecules of hydrogen halides are added
to abynes vo form gem - dihalides (in which two
hologens are attached to the same carbon atom).



H Br

) |

IC-C\ + Br—BE—> H— F——D*Lﬂ't.
H aH.OH, Er H
Jdnmrne ot 1 2eSomnremhmtons
(eoloriong) (oiorieos)
OH, —C= CH+H—Br——CH,— C =CH,
|
Br
2-Eramopaspomng
Br
:
U—l,—fi,*—m,
Br
2 2-shnarrapnamanm

() Addition of water

Like alkones ond alenes allaynes are also immisable
and hove no reaction with water. However, when
alleynes are heated with mercuric sulphote and dilize
sulphuric oad at 333 K one molecule of water is
added. forming carbonul compounds.

CH=CHe¢HO HgSO.dl HSO: _
Eshygno 333K = CIH — OH
b
(WL Cotarinaating
Towiornanantan
CliHG
CH
Exmeal

Hg™fiT
C}I:—CIID-Ii-H-UHW Ha-C=01
Progyaa Sisi

breso)

Gh-C-Crh
!
0

Prope=crc

Example 1.17: How will you convert the following

compounds into bencene?

(A) Ethyne

(B) Ethene

(C) Hexane
Ans.(A) 3HC=CH  RedhotFe Tube_
Ethyne 873K

Benrene
(B) Ethene ©® first converted mto ethyne and
then to benzene as shown above.

Br, /O,
lL=H, — > B—0OCL,—0O4,—FBr
Elfanag 1 2- D8 mmootinneg
KOH (cic). s OH,=0=
(Dehydrobmsmiration) Lby Brorndo

NefHs f b NHs
1968 K

e

Hed kot Fe nubn‘.

873K @

Bonasns

HC=CH
Edyw

(C) When vapours of hewne are possed
overheated catalyst consisting of Cry04
MO;04 and V50g at 773 K under 10-20
atm pressure. cyclization and aromatization
occur eimultaneously to afford benzene

-0t
fl-‘!ﬁ Gt o,0NQMN0, O
ab f(!]-b Cydimton
Nab ) Qyichonne
Horeee
G
Asronnotiration
Brroersc

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 majorty 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 word
acetylene = most usually used to refer to ethyne
It is the most basic of the alkynes, with two carbon
atomns jomed by o triple bond and each carbon atom
aapable of bonding to one hydrogen atom. Ethyne
s often used mn oxyacetylene gas welding and
axyacetylene gos cutting because it has a very hot
flame. When ethyne is combined with oxygen, the
ensuing flame hos a temperature of approxamately
3600 Kebvin Millons 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
chemical 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) CaHy

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

(b) 10,3
d 12,4



(O The product formed in the reaction of propyne
with dilute H;S04 ond HgSOy is:

(o) Propul hydrogen sulphate
(b) Propanone

(c) Propanal

(d) Propanol

(D) What products are obtaoined by oxidative
ozonolysis of Propyne?

(E) Assertion(A): CH = C is more stable than
CH, =CH".
Reason (R): CH = C" has more s character
than CH; = CH".

(a) 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) Is true.
Ans. (A) (0) C.H5
Explanation: Only terminal allynes react
with NaNH; to form a ealt

- i "
CA—E=C—H N ob—C=C—na"
~" NH,

(B) (b) 10.3

Explonation: té:H:[_'i—t':I-ij -CH=C
Pent-4-ene-1-yne
Noofebonds=4(C-0) +6 (C-H)=10
Noofsbonds=1(C-0O+2(C=0=3

(C) (b) Propanone

Bxplanaotion: Propyne reaocts with dilute
H,S04 and HgSO4 to give propanone
0

e HSO, !
OHC = CH 5> OL—C—0t

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

L9
- -

e

H.O
CH{—C=040, ~CH— C — CH —>CH, OCHO

0+-0
_Oxdation, i, COOH+HODOH

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

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

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

and reason is the cormect 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 modamum and minimum s character.

(OBJ ECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

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

Br
[ !
H.C;}C Nai, H- JC Nad H—O—H—CH &
H Br
@ ®) ©

The mixtura cansiste 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 as minor, C as major products
[NCERT Exemplar]

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

Explanation: Butene-1 & asymmetrical
Marlkownikov's rule states thot 2-Bromobutane

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 onother. As a
result. the mbaure contoins A and B as maojor
and C as minor products.

L G hos highest boiling point

(a) n-hexone

(b) n-pentane
() 2-methyl butane

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

Anes. (g) n-hexane

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

paint increases with the increase in molecular
moss and deceoses with the branching In
the given opbons m-hexane hove the highest



moleculor moss and 2. 2-dimethyl propane
shows modmum branching. Therefore. the
highest boiling point is shown by n-hexane.

é!-ll_ _CHI

2. 2 érethfoopase

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

(@) F H
\C=C/
E.'l/ \D
(b) F F
\C=C/
Cl/ \Cl
(c) H,C CH,
ol
HCG L
(d) cH, CH,
>C=C<
CH, GCH, [NCERT Exemplar]
Ans. (d) “ H,
>C= C<
CH, CHy

Explanatiom: In geometricol isomess. each
carbon atom of the double bond must hove

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

groups (OH:) attached. The rotaton around

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

HC, o
\CEC/

CH:./ \CA-E

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

Ans. (@) Chlorocyclohexane

Explanation:

a
O+ a;, 2N, C( + Ha
Cydiohexmne CHsroayclehomne

5. Action of acetylene on dilute H2:S04 ghves:
(o) Acetic acid

(b) Acetone

(c) Acetaldehyde
(d) Ethyl alcohaol

[Delhi Gow. QB 2022)

Ans. (c) Acetaldehyde

Explonations: First  water molecule gets
added to acetylene. the product formed
undergoes tautomerization and finally we get

aoztaldehyde
CH=CH+H,0 245 CH,= CH— OH
Acctyfens 4 v
(eenaecbls) CJ-IH—C—H
A
(@)
Acccaldehyde

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

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

Ans. (c) Isobutane

Explonation: Unsymmetrical alkanes are not
formed by the Wurtz reaction. Only the higher
and symmetsical alkones are formed by this
process. Sa. according to the options isobutane

is an unsymmetncal alkone. Hence it cannot be
formed by this mechanism

CH,

A

H,C O,

@ Related Theory

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

B-X s 2Li —-——):i R-1i+ LEC
abiyl
Gk

ZR-UeQd —> [RLuJ U olH

R

/CL[ MfeR-X ——> R-F ¢ RCu+lIX
R

7. Brominotion of alkane a@s 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. (o) At o slower rate

Explanation: The rote of brominoton of an
alkane is slower thon the rote of chlorination
of an alkane. Halogenation. as we all lnow.
involves the production of a carbon-halogen



bond. The strength of the carbon-hologen
bond will now determine how easy it is to
undergo halogenation

B. The products formed when etheme reacts
with bromine in an aqueous sodium chlovide
solution are:

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

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

Ans. (a) Ethylene dibramide and 1-bramo-2-chlono
ethane

Explanation: When ethene reacts with
bromine in oguecus eodium chlonde solution

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

C,Hg + Brq BrOH,CH4Br
C,H4Br* +C" - BrrCH, CHQO
Hence. first the process of brominaotion occuwrs

o form Ethylene dibromide then further

renciion with moueous sodium chlonde forms
1-bromo-2-chloroethane

9. Which of the following alkynes is used as

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

[Diksha]
Ans. (B) Propyne

Explanation: European spoce companies hove
researched weing Light hydrocarbons with
Lguid oxyger. o relovvely high-performing
bguid rocket propellant combination that
would olso be less toxic thon the commonly
used monomethylhydrazine/nitrogen tetroade

Their reseorch showed that propyne would be
highly odvantogeous as o rodeet fuel for craft

intended for low Earth orbital operotions.

Assertion-Reason (A-R)

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

reason s glven. 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 loweast boiling point
Branching does not affect
the boiling point.
Ans. (c) (A) & vue but (R) is folse

Explanation: 2. 2-dmmethylpropaone has

Reason (R):

the lowest boiling point becaouse branching
affects the boiling point As the branching

ncrenoses. the boiling point  decreases
simultoneously. So. Assertion i wue but
Reoson is folse.

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

Methyl free radical is formed
at the anode.

Ans. (d) (A) s false but (R) is brue

Explanation: Sodium acetate on Kolbe

electrolysis gives ethone. It is formed ot the
anode.

Reason (R):

Kolbe electroluysis reaction:

20H,000™Na® + 2H,0 —2
CH:CH; + 2m2 + Hz + 2NaOH

At anode
O O
2CH,—C—0O ﬁna«,-—c—@:% 2 CH, + 200,1
Aaoreano lom Acpuooe ion NMirghd
oo nondhaal Baw nodical

O e OL —> OL-0O4T

12. Assertion (R): The IUPAC name of CH,CH
=CH - Caua CH Is pent-3-en-
1-yne and not pent-2-en-4-
yne.

While deciding the loconts of

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

Ans. () Both (A) and (R) are vue and (R) s the
correct explanation of (A).

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

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

5 4 3 2 A

CH{H=CH-C=0CH (Lowestsum 1+3 =4)
pertLgms lagne (corvact)

Lr 2 Az & 5

CHyCH=CH-C=CH (Sum 2:4 =6)

Reason (R):

ponba2ugns deyng (incarract)
13. Assertion (A): Propene reacts with
HBr in  presence  of

benzyol peroxide to yield

1-bmwomopropone.
In presence of peraxide, the

addition of HBr to propene
follows iomic mechanism.

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

Explanation: Propene reacts with HBr in

presence of benzoyl peroxide to give 1-
bromopropane In presence aof peroxide. the

addition of HBr to propone occurs by a free
radical mechaniam.

Reason (R):



@ASE BASED Questions (CBQSD

[ 4 &S marks ]

Read the following possoges amd answer the
questions thaot follow:

(C) Increasing order of stability of the three
conformers of ethaoneis:

14. Conformotionol rsomensm 18 a ype of (0) eclipsed > gauche > staggered

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
corvespond to local minima on the potential
energy surface are called conformational
womers or canformers When hydrogen atoms
are connected to two carbon regions aos close
to one other as possible the conformabion
® called eclipsed To further explain 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 O° Another
type of conformation iz called o stoggered
conformation, which occurs when hydrogen
atoms connected to hwo 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 have low conformational energy For
some compounds such as n-butane there are
specialised lands of staggered conformations
called gauche 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,
© nc (d HC
O H
: )
H@N H H
H CH,

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

(o) Bond length remains the same but
the bond ongle chonges.

(b) Both length and bond angle chonges.

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

(d) Bond angle remaoine the some 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:

(a) 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 angle
(b) staggered conformer

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

Ans. (A(B)

Explonation: The ant-conformaton i@ the
most stable conformer of m-butane. The

bullay methul groups are spaced as widely
apart as possible, redudng steric repulsions

to a minimum and hence. increasing the

stability

(B) (c) Bond angle and band length remains
the same.

Explonation: Confonmers are isomess
that exist as o result of rotation around
single bonds without any bond cleavage
An infinite number of conformaotions are
possible in ethane. The two important forms
are the staggered conformaotion. which is the
most stable. and the edipsed conformaton
of ethane thaot have the some bond
angle ond bond length but hove different
energy. stobilitu, ond dihedrol angles.



(O (b) eclipsed < gauche < staggered

Explaonation: The eclipsed conformer &
the leost stoble because the hydrogen and

bonding electron pairs on adjocent carbon
are close to one another. Thiz couses

moamum repulsion and hence the leost
stabiity of the conformer. In stoggered
form. because the hydrogen and bonding

electron poirs on adjacent carbon are for
opart ot ognb—position to one another.
Thus. gomning the minimum repulsion and
moamum staobility. The gouche form lies
in between these two conformers. So, the

order of stability 151 eclipsed < gauche <
staggered.
(D) (c) gouche > staggered > eclipsed

Explonation: In ethylene glycol the

gouche conformer is most stable due to the
presence of H-bonding between the —-OH

groups of two carbons

@ Related Theory

= The different canformer= of glycol =

& 4

OH

(B) (o) dihedral angle
Explanation: The magnitude of torsional

added to an alkene or allyne. with H-bondmng
to the double bond’s less substituted carbon
atom and X bonding to the other double-

bonded carbon atom via an ionic mechanism.
When HBr (not HCOL Hi) s 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-Martovnixov reaction. This s where
the Markovnilov and Anti-Maricovnikov

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

CH,—C=0H,
F I
H,—H=CH Br

A
& CH; — CH = CHBr

(B) How will you prepare prop-l-ene to
propone-1,Z2-diol?
(C) Complete the following reactions:

@ CH=CH =3, aA——,8

(1)) 2 methyl pent-2-ene Wﬂr C+D

Ans. (A) As per Markovnicov's rule. the product in

which bromine is attached to the secondary
carbon atom will be the maojor product
The CHy(CH = CHBr product would be the
minor product as per Markovnikov's Rule.
(The secondary carbocation forme during
the reaction and &t is more stable than the

primary carbocation as per Maricownikov's
rule).

O, —C=04, ;
& | s
OH,—C=H Br
£

(\nor
CH,—CI-I-D-E: pruduci‘.)

A Caution

- Always take care about the addiion of halogen n
the Markownscov's and ant-Marlwownitov's rules

strain depends upon the angls of rototion
about CC bond. This angle iz lmown as
dihedral angle or torsional angls

() Prop-i-ene can be comverted into
propane-1.2—diol by the reaction with dilute
potassium permongonate

5. Alkenes are made up of a lot of weady held
pi bonds. They display aoddmionol reactions due
to the presence of such bonds Electrophiles

lectron-seeking spedes) are added to the Al EwD | f 273X
(dEaubIe-.bunded gmtiecr.dis in this reaction CH, == G, «H0 =
nesulting in the production of a new product Aup- ¥ = mi
ft aolso hos the ability to wndertake free
radical substitution reactions under certain ©
condibons. Ozonolysis and oxadotion reactions
are also wivdly displayed HX (HBr. HBr. Hi)
and alkeres undergo two wypes of odditon
reactions: Markovnikov and Anti-Maricovnikouv.
The Markovnikov reaction oocurs when HX =

 OH,CH(OH)GH,OH
proganewl 2 - diol

® HaOH—=3 ;NaCsNog—=2_,
CH.C= OCH,

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

CH,CH,CHO + CH,00CH,
Proparat FPropgaranc



(VERY SHORT ANSWER Type Questions (VSAD

[ 1 mask ]

i6. Allkynes on reduction with sodium in Liquid
ammonia form trons 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 saome side then it s cs-
form ond if some groups are on the opposite
side. then it is rrans- form. Trans-2-butene
is formed by the reduction of 2-butyne. &=
capable of showing the geometricol isomerism
The reaction ia called Birch reduction

=== MNa
T —

i7. Give the WWPALC. nome of the lowest
molecular weight alkane that contains a
quaternaory carbon.

Ans. 2 2-Dimethylpropane s the lowest moleculor
weight olkane that contoins quaternary
carbon. It is also lomown os Neopentane

cH,

ot

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

[P

Ans. The compound A will be Ethanaol

Sibisbidy —% 5 60 o e,

X
Buew 2emna I 3 : |
o) —\g— o)

_mi}jmuﬂ

Ethoral

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

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

2

m
dn

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

[ 2 marks ]

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

of ethane. Which of these conformaotions is

more stable and why? [NCERT Exemplar]
- H
Ans. | |
— C\u — E\-‘
H & -
| ; .
E \ C —
E-l/ \H |
H
Erfizcod Sogoored
Sawhoree projection of ethane

H
Hu
H H
H H
H H
H H
Edlipacd Sragpeed

Newwman projection of ethane

Staggered form of ethene ie more stable thaon
the eclipsed conformation by cbout 1255
lg/mol This is because any two hydrogen
atoms on adjacent carbon atoms of staggered
configuration are momamum apart while in
eclipsed conformation they cover or eclipse
each other is space. In staggered from, there
i o mininnum repulsive force. mininunm energy
and. moamun stability of the molecule



Z21. Which reagent is used to distinguish between

Ans. The reogent used for distinguishing

22.

1-butyne and 2-butuyne?

1-butyne
and 2-butyne is NnNH;,_L

HAHCe(H — CHLOHC e (Na

(Hy C=C-H,—® ;Noreaction

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

to the obsence of addic hydrogen. 2-butyne
does not conduct such o reaction

cis 1,2- Dichloroethene hoe o lower dipole
moment thon the trans 1,2 - dichloroethene
isomer. Exploin.

Ans.

The wans 12- dichloroethene isomeric
structure is more symmetrical than the cs 1.2-
dichloroethene structure. In the trans- isomer.
the dipole moments of the polor C-Ci bonds
should cancel out resulting in o molecule
with a almaost zeso dipole mament. In the cis-
momer, however. these do not cancel As a
result the cis- isomer hos a distinct moment
from the trans- isomer. The following are the

N_ /0 N/
VAR

El/ \H
trans-1. 2Drichiaroethene 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 energy of HL, HBr
and HCl is 430.5 kJ mol™", 383.7 k) mol™ and

29B8.8 kJ mol™ respectively. What will be the
order of reactivity of these haologen oclds?
[NCERT Exemplor]

Ans. Addion of hologen oads to an alkene iz an

oH,

24. An alkene ‘A’

Ans.

s -

electrophilic oddion reaction

bl
—_—
b o -

O, —CH)—CH, <—

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

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

Therefore. the reactivity of haologen decreases
as Hl > HBr > HO

on ozonolysis gives a mixture

of ethanal ond pentan-3-one. Write the
structure and IUPAC name of ‘A’
{[}h
CrH,
Zn + HO I
A+0O, > H, a0 e CH-CH-C
|
O
Erheonal Porto—=2uoen

25,

Ans.

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

r'- b -

\/\/ P

';'\C":

- E . _

This ozonide = made by odding ozone to 'A’ s
a tronsitional product. which then cleaves into
finol products. By elminating the ozone from
the aronide. the preferred 'A’ arrangement can
be ochieved. As a result. the structural formula
for A’ iz

: 2 3 a =
H;f—mﬂl.'.—ﬂi,—(}i,
Ci—,
=B erenZaano

Why is ethyne addic in nature in comparisan
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



26.

Ans.

27.

Because of the highest percentage of
s—character (50%) in ethune molecules. the &p
hybridized orbitals of carbon atoms have the
highest electronegaotivity 5. Thiz attracts the
C—H bond of ethyne to o greater extent than

the E.;:i2 hubridized arbitals of carban in ethyne
and the apg hybridized orbmals of carbon
in ethyne. Thus. In comparison o ethyne
and ethyne. hydrogen atoma in the ethyne
molecule are more 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 waorks
through a free radical chaoin mechanism

Step 1- Infbotion
The muation process begina with the homolytic
cleovoge of - A bond ox

-

a a——a + a

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

attodc methone molecules and the C-H bond
collopses to form methuyl radicals as:

O, + 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, s A—aA——>c—aA = a
etk
chlen=e

cHa+a— Ha+Ha
Ha+a—a —saia +a

Step 3: Termmation:
The formouon of ethane is the result of the
choin reactions being terminoted as o result of
the consumption of methyl radicals

a«aa —>a—a

HE+CH, —> HC—OH,

(Fthang

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

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

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

reactions involved. [NCERT Exemplar]
cripr —OH S pkene L) 22 S5 i pe,
A ®) ©
SN gy, BESANMy cp Nav 2R,
-8r 2
© .
ABre ol

The reactuon of algne ‘D' form sodium salt
which proves that t & o terminal olwne
This means a triple bond is ot the end of the

chain. It could be either (1) or (). Alayne 'D’ on
hydrogenation uields straight-chaoin alkane. Sa.
the structwze (J) is alayne 'D”.

M HC™ >—=

(i) CH,—CI:H—C-CH
G,

[t 18 mportant tw note thot alal holide
‘A’ cannot be 2-bromopentane because
debromination of 'A' would give Z2-pentene as

a major product according to Markownikoffs
rule

Therefore. the structures are

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

(O CHy - CH; - CHy CH(Br) - CH,Br
(D) CHy-CH;-CH; Cu 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 Identify the
alkene.

(B) Complete the following reactions
0 CH=CH Lo =i




(M) CH=CH 2229777
(i) CH3C = CH — 2

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

HBr in the presence and in the absence
of peroxide to give the some product
thus the alkene should be eymmetrical A
symmetrical olkene with 4 carbon otomns &
2-butene
CH;—-CH=CH-CHy+ HBr —»

G4y - H; - CHBr - Oy

B) @ CH=H 22 ,(H=Na &%

CH=C-CH,
(Propyna)
@)

& H S0
U"—U"*"':D_H‘—““"'.ﬁaa CH, = CH— OH
Acrefona (unstabla) v

O —c—H
Il
o)
Aectoidci—xie
@ CH:C=CH —2F2 , CHyOH,CH;
(FPropanc)

R £



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




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

1885.

|
C
HRC// cH
| | =
i WP e
|
B

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

Br Br
i Br @)
Howewer, 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—~CJ

Even with this modificabon. the Kekulé structure
of benzene foils to exploin its unusual stability and
preference for substitution reactions over addition
reactions. whnich could be ewploined loter by
FEBONONCe

"TOPIC2 |
RESONANCE AND STABILITY OF BENZENE

The oscilloton of double bonds in benzene can be
exploined by the concept of VSEPR theory. Resononce
is the phenomenon in which two or more structures
for o substance can be wntten that involve identical
atomic 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 ie represented by a hubnd of these
two structures.

“0-0-0

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 a carbon atom remaining sp? hybrid
orbital overlaps with o hydrogen atom's s orbital

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

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

Localired x bend Detocalised = band

-8

Delocalired O bonds n benzene

The internuclear distance between all the carbon
atoma 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 one below
the plane of the hexagonaol ring.

Hecoran cloud of benrene

As a result. the sic O electrons are delocaolised and
can freely move around the six carbon nuclei The
nuclei of the carbon atoms attract the delocalised



electron cloud more strongly than the electron doud
locolised between two carbon atoms. As a 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 eix C-C

bond lengths are of the same order (138 pm). which
iz 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 eploine benzene's wnusuol
behawviour.

Aromaticity

Benzene waos ossumed to be the parent 'oromonc
compound. The nome ig now applied to oll ring
systems. whether or not they contain a benzene ring.
which exhibits the followmg characteristcs

(1) Plonaonwy

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

(3) The presence of electrons m the ring. where n
ig an integer (n = 0. 1. 2_) This is ktcnown as the
Hockel Rule.

Few examples of aromotic compounds are as
follows-

J 0 O

Benzene Qudopentadicnyd

andan

Qycicheptatricoyl

aatfan

(m = 1. Bz cloctrons)

(n= Zﬂﬂrcﬁxmm:q} '

Phenonthrenc

(o= 1 1dzcloctions)

;6} Important

~ Compounds which havwe £ plcoonjugated electrons

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

compounds

Arcrmauc compounds are aorganic compounds
olso known as °mono- and polycyclic aromatic

hydrocarbons”. The parent member is benzene.
Heteroarenes are closely related since at least orne

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 have an exclusive route to benzene-
ring campounds. The great magjonty 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
aromatic compounds?

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

() They hove a sigmao bond and delocaolised
pi bond.

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

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

hove more than one structure
which lowers their energy
ond thus malkes it stable.
(o) Both (A) and (R) are true and (R) is the
carrect 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

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

an aromalic hydrocarbon, there ia always
a sigma bond and o delocalized pi bond.



(C) When benzene is forced to react by raising
the temperatwe and odding o catolyst. @
undergoes substitution reactions insteod
of the addmion reactions seen in alkenes
Benzene's unusual stobility was attributed
to the resonance stabiizotion of a
conjugated cyclhc triene Benzene molecule
© o resonance hybnd of the following two
maoin contributing structuwres

i |
C C
H—C/ \C—I4 H—C/ \C—H
s
H—C C H—C c
C 7 Nc”
v 3

Contributing structurnee

O Q-0

Due to resonance in benzene. the carbon-

carbon bonds in benzene ooquire an
mntermediote character of carbon-carbon

single and double bonds.

(D) As cyclopentadiene has (4n)r electvons not
(4n+2)m electrone thus @t i@ not aromatic

@ Related Theory
- Jromotlc compounds are thoss that haove he

following charactertstios

(1) Planarizy

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

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

(E) (a) Both (A) and (R) are true and (R) = the
comrect explanation of (AL
Explonation: Aromatic hydrocarbons are

stable due to resononce hybrid they have
more thon one structure which lowera ther
energy and thus nnaokes it stable

Properties
Physlcal properties

Aromaotc hudrocarbons are non-polar molecules
thot typically exist os colourless liquids or solids with
o distinct aromo. Bxample: Naphthaolene balls ase
used in toilets ond in clothes oa on insact repellont
Aromaotic hydrocarbons ore insoluble in water but
readily miscible in organic solvents. They emit o sooty
flaome.

Chemical properties

Electrophilic substituton reactions distinguish arenes.
They can however. undergo addition and oxidotion

reactons under certain conditions.

(1) Electrophilic substitution reactions

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

which the attaclang reagent is an electrophile.

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

Ogmm_ghm 323-333K

Norobonsooe

D,

+HO

Example 2.2: Out of benzene, m-dinitrobenzene
and tolueme which will underge nitration maost
easily ond why?

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

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

folowed by benzene. and m-dinitrabenzene
hos the lowest As a result. the eose of nitration

decreoses os follows:
toluene > benzene > m—dinitrobenzene

Haologenation

Holoorenee are formed when arenes react with
hologens in the presence of a Lewis acd. such as

anhydrous FeCls. FeBry or AlCy

a
O +c1: m:hgdm: @ "

CHlarobanaoe

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 sulphuric aad

Bennene sulphenic aad
(2) Friedel-Croft allgylation reaction:

Allylbenzene is formed when benzene is treated
with an aleyl holide in the presence of anhydrous

oluminium chloride




H,C

+ C.'l-l,Cl ﬁnhyd..m,ﬂ. " 3§ HE].
Tolusene
CH,
cl.rthyd.ﬂi
+ CHQO Cl"r- +HQO
ethylchloride
benrene ethylbenzene

(3) Friedel-Craft acylation reaction:

In the presence of Lewis oads (AI(). the reaction of
benzene with either an acyl haolide or add anhydride
yields ooyl benzene.

OOCH,
+CH,00Q Anthyd Alds + HOI
Acctidchlonde

Acctophenone

O ﬂmﬂgdmusmﬂ @ CH,000H
coutic anhydride

Blraano

if an excessive amount of electrophilic reogeat &
uged. a further substitubon reaction maoy 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 forans
hexachlorobenzene

a
a a
+ 60, o > +6HA
a a
a
Hreadiiorobenoone

Mechanism of electrophilic substitution reactions

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

(1) Generouvon of the electrophile
(2) Formaoton of the carbocation imtermediate

(3) Removol of the proton from the carbocation
intermediate.

(1) Generation of the electraphile E
Anhydrous Al(J5 acts. as o Lewis add. aids in
the generation of the electrophile CF*, R®*. ROO®
(acylium ion) during chlorination. alajlotion. and
acylotion of benzene by combining wath the
attoddng reagent

DQM{:{,

—— ' +aay”
CHoronium ion
CH, —/u_}mc, e OHL + JAICLT™

CH,—C —/g::fa, - s o —Ci a)
| |
@] O
Generation of electrophile

L]
In the cose of niration. the nitronium ion NO,

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

o) (@

I I
HQ —N —0O H—O0SOH q-_—ﬂl-u'i“l'—hd'—ﬂ'-&H:SOf
e H

~
I-HIJ"—H'TJD'ﬂ HO+O=—N=—ZTO
H

Generation of nitranium lon

Interestingly during the generation of nitronium
ionn. the sulphuric cad serves oe acid and

nitric odd os the baoese It i@ o simple acid-base
equilibAum.

(2) Formation of the carbocation intermediate
The aottack of on electrophile results in the

formation of c-complex or arenium ion. with one
of the carbons sp3 hubndised.

E H
O+
e
-FE

Arenium lon
(sigma complex)
Etectrophilic attace
Farmaten of mtermediate Catiorc

S -G-0 [

kﬁlﬁﬂﬂ' ShructLme Aopnhom Catian

= Pagliva chonge
ddlo mallaod] avar
S coubows arood

Arenium fon resonance stabdired

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

loses its aromotic character.



(3) Removal of the proton from the carbocation
intermediate

To restore the aromatic character. the O-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
_-—-pwﬂ"r UHDJ..-MU,
E

Example 2.3: Why does benzene undergo

electrophilic substitution reactions eosily and
nucleophilic substitutions with difficulty?

T mX T m-Xx

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 meta. 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 holides. hologens 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

")

_f __

*/DJ ﬁt* ¥ 9 - 4*0 ﬁt*

Sro slere

Resonance structures af nitrabencene



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 at the ortho and para positons
iz leas when compared to the meta position. So
substitution takes place at the meto positon

'TOPIC3
CARCINOGENICITY AND TOXICITY

Benzene and some polynuclear hydrocarbons wath
rmore thon two benzene rings fused together are toadc
and haove cancer-causing propertes. They are formed
as o result of the incomplete combustion of organic
motenals such o= tobocoo cool and petroleumn.
among othera They enter into the humon body and
couse varicus biochemicol reoctions and domoge
DNA finally ond cause cancer.

The following are some of the carcnogenic
hydrocarbons.

CH,

3 - Methylcholanthmne

Example 2.5: Case Bosed:

Cancer that starts anywhere in the body's lumphatic

systemn s called lymphoma If they have the ability

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

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

cells and protect against harm from invading germs.

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

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

Benzene hos also found Lmited application in
medicine for the treatment of certain blood disorders.
like polycythemioc and malignant Ilymphoma.
Exposure to benzene. an important industrial
chemical and component of gasoline. is a widely

recognized cure o minimize the destruction coused
by malignant lymphoma

9

ks

L

Doctar diagnozing problem

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

B) Which of the following
carcinogenic?
(a) 1, 2-Benzanthracene
(b) Cyclohexane
(c) Ethune
(d) Nitrobenzene
(O What is the general formula of the aromatic
compound?
(D) Give a few examples of meta-directing groups.
(E) Assertion (A): A butter staoin on a

tablecloth can be removed
with benzene.

Butter has o strang 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 volatle in
noture.

(B) (o) 1. 2-Benzanthracene

Explonotion: Benzene and polynuclear
hydrocarbonz contoining more than

compounds is

Reason (R):



two benzene nings fused together are
carcinogenic.

(C) Aromatic compounds are clossified wnto
eeveral eeries bosed on the number of
fused benzene nngs in their molecules
C.H>pm & their generol formulo. where n
= the number of carbon atoms ond m @@ the
number of rings

(D) -NO,, -ON. CHO. —-O0OR. -O00H. COOR. -
SO4H etc. are a few meta-directing groups.

(E) (b) Both (A) and (R) are true but (R) is nat the
carrect explanation of (A)

Explanation: A polar solvent = a benzene
Butter iz made up of orgonic compounds
with low polority. As a result it dissolves in
benzene.

(OBJ ECTIVE Type Questio ns)

[ 1 mark ]

Multiple Choice Questions

1.

Ans.

7 18

Ans.

¥

—

Ans.

Aromatic hydrocarbons are also known as:
(a) Cyclic compounds
(b) Arenes

(c) Alaynes
(d) Alkenes

(b) Arenes

Explanation: Aromaotic hydrocarbons are also
lmown as arenes. Compounds which have at
least one triple bond between carbons are
lonown as olanes and compounds that hove
ot least one double bond benween carbons are
lonown as olkenea

Which of the following acts as an electrophile
in the chlorinotion of benzene?

(a) CI° (b) CI°
(c) Ci (d) FeCl3
(a) Cl*

Explanation: In the chlonnoton of benzens
the electrophile is chloronium ion (O°).

Related Theory

During chlorination anhydrous Al(s being a Lew=
add helps In the genemation of the electrophile O~
by combining wilth the altacking reagent

a + Q .
a a

CHlading  Ferric A enelvetfies conseiee finbam poir
foloul cilsshdo with o pasifhe Eurge cormin
boga] (0 Lowwesg B2 EhEnT B

=)

. Arenes does not possess:

(o) Delocalisation of pi-electrons
(b) Greater stability

(c) Resonance

(d) Electrophilic additions

(d) Electrophilic additions

Explanation: Electrophilic substinution reactions
occur in Arenss Due to resonance stabdiscton
arenes do not give an electropkiiic additon

reacton in their noturol state.

4.

Ans.

:E*En:smrﬁ:um@ amn  ANS.

@.

Among the following compounds, the one
which is most reactive towards electrophilic

nitration is:
(o) Benzoic acid
(c) Toluene

(b) Nitrobenzene

(d) Benzene
[Delhi Gov. QB 2022)

(O) Toluene
Explonation: ¥ the group omoched to the
benzene nng i= electron donating then it

will the release electrons to benzene and
the electron density of the benzene ring will

mcrease. If the group attached to benzene ring
i electron withdrowing. then it will attract an

electron from the benzene nng and the electron
densily of the benzene nng will decrease.
Higher the electron densituy, higher will be the
reactivity towards electrophilic substitution (or
nitration).

Thus the order of reactvity Ctowards
electrophilic nitration for the given campound
i

Toluene > Benzene
Nitrobenzene

> Benzaoic aad >

Carcinogenic compounds are toxic because
theu:

(o) cause heart failure

(b) domage the kidney

(c) domage the retino

(d) daomage DNA and cause cancer [DIKSHA]

(d) domage DNA and cause cancer

Explanation: Some polynudear hudrocarbons

with more thon two benzene rings fused
together are toxac ond haove cancer-causing

properties. They are formed as a result of the
mcomplete combustion of orgonic maoterials

such os tobocoo coal and petroleum. omong
others.

When benzene reacts with CHyCOCI in the
presence of AICl, the result is:

(0) CgHyCH, (b) CeHyCl

(c) CeHsCOCH, (d) CeHCOC



Ans. (c) CcHsOOCH;
Explanation: In the presence of AlQa. benzene
reacts with CH300A w form CgH(COCH,
Friedel - Crofts. oculaton of benzene is the
name of this reaction

@ Related Theory

= In the presence of Lewis adds (AKJS) the reaction of
benzene with either an acqyl halide or ocd anhydride
ylelds acyl benrene.

COCH,
(o (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) Decreasesthe chorge density at the ortho
and pora position of the ring relotive 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 paora position of the ring relative to the
meto position by resonance
Explanation: The NO, s an ortho and para
activating group ond also possesses an effect
which tends to increase 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
Conoc HLS(0y » A
Conc HRO,
Ais
(@) cHo (b) cHo
NG,
NO,
(© cHo (d) cHO
NG,
NO;

NO,

Ans. (d)
NO;

Bwplanation: Aldehuyde i an electrom-
withdrowing and hence meta directing group.
Thus in benzoldehyde incoming electrophie
(NO,®) will attack ot the meta position, giving
m-nitro benzaldehyde os o maojor product

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

ring
(1) deactivates the rnng by inductive effect
(ll) deactivates the ring by resonance

() increases the chorge density at the
ortho and paro 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 (V) (b) () and (i)
(c) (D and (W) (d) (N and ()

Ans. (b) (1) and (1li)

Explanation: The presence of a halogen atom
in the benzene ring deactivates the ring by

inductve effect ond tends to increase the

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

electrophilic substitution reaction.

Assertion-Reason (A-R)

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

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

following chaoice.

(o) Both (A) and (R) are true but (R) is the carrect
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) (A)is false but (R) is true.

10. Assertion (Ax The compound cyclooctane
lras the following structural

formula:

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

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



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

Explanation: Aromoticity i demonstrated
by compounds with the following propertes:
plonortu. complete delocolzaton of the
electrons in the nno. and the presence of
(4n + =zelectronsinthernng wherenisaninteger
(n=0. 1. 2) This = lnown as the Hickel rule

The given compound s anbiaromabc according
to Huckel's rule.

é?ihhﬂmfﬁmmq;

= Studentz apply the formula Gs (4n) 2 electron wion
is an involid formula for Aromatiaty

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

It has Br electrons thot are

cyclic and delocalised.

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

Explanation: Pyrrole is o fiwe-membered
ring heterocycdic compound. it containg 6=

Reason (R):

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

H
N

\ /

Pyolk

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

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

Ans. (b) Both (A) and (R) are true but (R) is not
correct explanation for (AL

Reason (R):

Explanation:
H a
H
@ 30 _SmBght ) | 4 a
H
Bensenc a
Cl H
Hennone hevachlonde
(BHO)

(CASE BASED Questions (CBQs))

[ 4 &5 marks ]

Read the following possages and onswer the
questions that faollow:

13. The molecular formulc of benzene =
determined by elemental analysis. As a resulL
benzene iz a highly unsaturated compound. It
took several years to ossign fts structure due
to its unique properties and unusual 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 ntrobenzene

NO,
HNO,
—_—t
H.S0,
Benoeme AErmbonnsns

(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 carbonuyl 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.
ndicating the presence of three double
bonds Benzene was also discovered
o produce only one monosubsttuted
derivative. indicating that all six carbon
and sbc hydrogen atoms in benzene are

identical
H
I
C
H—C/ \\C—H
| | I
H—C C—H



14. Benzene has six = electrons which are

delocalised and can freely move around the six
carbon nudlel The nuclei of the carbon atoms
attract the delocalised electran cloud maore
strongly than the electron cloud localsed
between two carbon atoms. As a result the
appearance of delocalbsed = eftectrons @

benzene increases its stabilty

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

on the baosis of delocalisation of p-electrons.

(A) Benzene has............. pi electrons.
(@) O (b) 8
(o) 3 (@) 1

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

(O Which of the following compounds

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

(a) Hexyne (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

® B ol —
-y m>
Optons:

(@) () and (IN () () and (1)

(c) (N and (1) (d) () and (V)
(E) Benzene reacts with anhydrous
aluminium chloride in the dark and cold

atmosphere to form . _

(o) chlorobenzene
(b) toluene

(c) hexachlorobenzene

(d) acetylene

Ans. (A) (b) 6

Explonation: Benzene hos 6 pi electrons.
Six pi electrons in benzene are delocalized
in euc p-orbitals that overlop across each
plone of the nng. Because 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 a
result. reactions that preserve the aromatic
ring are preferred.

®) () =p?
Explonation: Carbon atoms in the benzene
rmg hove o trngonol plonor geometry

around them, and thus the hybridization s

2
sp”.

(O (c) Qydohexane

Explonation: Hydrogenaton of benzene
produces cyclohexane under vigorous
conditions, e, ot high temperature and
pressure in the presence of a nickel catalust

©) (b) M and (1)
Explonation: For o compound to be

aromaotic it should follow Huckel Rule
Thot is

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

(3) m-electronss must be delocalised

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

(B) (c) hexachlorobenzene

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

) Anhyd AICY,
O +60, daric cold 7

a
a
+ 6HO
a a
a
Hrooavhombenaene



(VERY SHORT ANSWER Type Questions (VSAD

[ 1 mark ]

15. Write a chemicaol equation for toluene
combustion.

HC

Ans. +90, — 700, + 4H.0 + Hear

16. What does Hiickel rule state?

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

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

Amns.
O, NO.
PR Wy
H.S0, Fedlr,
mfrrgmenitrobonnone

Answ.Toluene is

18. Whaot is the colloquial terrn for aromatic
huydrocarbon?

Ans. Aromotic hydrocarbons are also lmown are
Arenea

19. State whether toluene is garomotic or notT

clossified aos an aromotic
hydrocarbon In chemicol structure. itis o mono-
substituted benzene derivative composed of a
(OH4 group ottached to a phenyl group and &
follows Hidels rule of Aromaotany

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
electronegobtive oxygen atoms. This results in
the decrease of electron density around the
nitrogen atom ond nitrogen possess o partol
positive charge which makes the benzene ning
less reactive.

(SHORT ANSWER Type-l1 Questions (SA-ID

[ 2 marks ]

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

examples also.

Ans. Aromotic compounds are those thot hove the
following charactenistica

(1) Planarity
(2) The electrons in the nng hove been
completely delocabsed.

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

Some of the aromatic compounds are as
follows

0 O U

Qyclopemadionyl  Qyclohapeatricnyl
Lo cohion
22. What hoppens when Chlorine is paossed

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

Bormonene

[Delhi Gou QB 2022}

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

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

gannmao- Lindane. [t is an insecticade.

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

Ans. Aromaotic compounds with o benzene ring

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

benzenoids.

24, Establish o procedure for converting phenol
to benzene.

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

OH



25. Arrange the following set of compounds

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

casiis

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

a - R effect. As the electron density increases
on the benzene ring its reoclvity towards
electrophile increases

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

CeHg—OCH; > CeHs—A > CgHsNO,

2B. Despite their effect, halogens are ortho and

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

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

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

groups.

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

[ 3 marks ]

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

nean?

Ans. The aromotc compounds containing the two

groups ot odjacent positons cte. the 1. 2-
posibons. are lonown as ortho and are denoted
by the symbol ‘¢’

The aromatic compounds containing the two
groups in alternoze posiions ie. the 1. 3-
positions. are lcnown as meta ond are denoted
by the symbol ‘m’

The aromatic compounds with the two groups
at the diagonal positions, ie. the 1. 4- positons
are referred to os para-. denoted as 'p’

28. Whot are the properties of aromatic

hydrocarbons?

Ans. Few properties of aromatic hydrocarbons are

os follows

(1) These compounds hove high aromatiauy

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

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

(4) Aromatichydrocarbonscanbearomaoteally

gubstituted i both electrophilic and
nucleophilic ways.

29. Write about Friedel craft acylation reaction.
Ang. In the presence of Lewis acids (Al(3) the

reaction of benzene with either an acul halide
or acid anhydrde uyields ocyl benzene

QOCH,

Ashugd AL, >

+ 4,000

If an excessive amount of electrophilic reagent
ie used. a further substitution reaction may

occur in which other hydrogen atoms of the
benzene nng are successively replaced by the

electrophile
a

a
Ashud
O{'GG’ d:ric.;?} we
a a
a

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 classify the following
compounds as aromatic ond non-aromatic.

JOOO

Qv ey

[NCERT Exemplar]

Ans. Aromatic compounds A_E and F. This iz becouse

these compounda follow all the characteristics
required for o compound o be aromatic

Non-aromatic compounds: B. C. D ond G . This
i5s becouse these compounds do not follow all

the charactenstcs required for o compound to
be aramotc



(LONG ANSWER Type Questions (LA))

[ 4 & 5 marks ]

31. bploin the resononce and stability of
benzene.

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

>-Q-0-0

The orbital overloapping provides o clearer
picture of benzene's structure. In benzene. all six
carbon atoms 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 sigma bonds in the hexagonol
plane. Six C-H sigma bonds are formed when
a carbon atom remaining sz hybnd orbital
overlaps with a hydrogen aotom s-orbital As
shown below. each carbon atom now has one
unhybridised p-orbitol perpendicular w the
nng plane

As o result the six electrons aore 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 betnween two carbon aotoms. As a result
the oppearance of delocalised electrons in benzene
increases its stability.

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

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

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

under normal condmions. It explaine benzene's
unusuol behowour.

92. What i the directve influence of a

fundomental group
benzene?

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

in monosubstituted

When substitution reaction takes ploce in
mono-substituted benzene three types of
disubstituzed products are formed with
unequol amounts which are ortho. paro and
meto. Two types of behoviour are maojorly
observed either ortho ond paora products or
meta products This behoviour is dependent
on the noture of substituent already present in
the benzene ring not depending on the noture
of the entering group. This is lonown as drvective
influence of substutuents The reasons for their
positon are discussed:

Ortho and para directing groups: The groups
which direct the tncoming group to ortho
and para positions are called ortho ond parao
directing groups. Bomple: The phenoclic groups
have the following resonoting structure which
increases the electron density on the ortho and
para position. hence the substitution will tokes
place in this positon [t 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 octivates the benzene
group at the ortho and paro positonas.

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

C;EJH -OH =EIIH
G- -0
0 w a



-8

Resonance structures of phenol

Meta-directing groups:

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

-NO,, -ON. -CHO. -00R. -000H. ODOR. -S04 H. etc
are meto-doecting groups.

Bample In nitrobenzene. the niro group reduces the
electron density in the benzene dueto the strong effect.

% %l O ;f (5 O™

S ODC

Resonance hybrid of Nitrobenzene

Sao. the overoll electron density ot the benzene ring

decreases which maolkes substitution more difficulc
eo. these groups are called deactivating groups. The

electron density at the ortho ond pora positions

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

b 4
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