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15.1. Introduction AR e

The simplest organic compounds containi
carbon and hydrogen only are called hydmmm
These are widely distributed in nature in the form
of petroleum, natural gas and coal. Thus, hydrocar-
bons are considered to be the parent organic com-
pounds while all other compounds are thought to
have been derived from them by replacement of one
or mare of their hydrogen atoms by appropriate func-
tional groups. In this unit, we shall discuss the dif-
ferent types of hydrocarbons, their structures,
shapes, physical and chemical properties.

15.2. Classification of Hydrocarbons

On the basis of structure, hydrocarbons can
be broadly divided into the following two types :

quality of gasoline, LPG, CNG, Cracking and reforming, petrochemicals.

E
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1. Acyclic or open chain hydrocarbons
2. Cyclic or closed chain hydrocarbons

L. Acyclic or open chain hydrocarbons. These
compounds contain open chains of carbon atoms in

their molecules. They are also called aliphatic
hydrocarbons. These are further classified into the
following three categories :

(?) Alkanes, (i) Alkenes and (#i) Alkynes
This classification is primarily based upon the

type of the carbon-carbon bonds present in their
molecules. For example,

An alkane has only carbon-carbon single
bonds. For example,

15/1
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CH, — CH, H, - CH, — CH,
Lthane Prupane
CH, —~ CH, — CH, — CH,

Butane
An alkene has one carbon-carbon double
bond. For example,

CH, = CH, CH, - CH = CH,
Ethene Propene
CH, — CH = CH — CH;,

But—2-cne
{formerly 2—bulene)

An alkyne has one carbon-carbon triple bond.

For example,
CH = CH CH, - C=CH
Ethyne Propync
CH, — C = C - CH,
But—2-yne
{formerly 2-buyne)

2. Cyclic or closed chain hydrocarbons. These
compounds contain closed chains or rings of carb-
on atoms in their molecules. They are further
divided into the following two clases :

(@) Alicyclic hydrocarbons

(b) Aromatic hydrocarbons

(@) Alicyclic hydrocarbons. Hydrocarbons
which contain a ring of three or more carbon atoms
and have properties similar to those of aliphatic
hydrocarbons are called alicyclic hydrocarbons.
These are further divided into the following three
calegories ?

(i) cycloalkanes

(i) cycioalkynes

(i) Cycloalkanes. Saturated  alicyclic
hydrocarbons in which all the carbon atoms are
joined by single covalent bonds are called
eycloalkanes, For example,

/AN

(if) cycloalkenes and

Cyclopropane Cyclobutane
Cyclopentane Cyclohexane

(ii) Cycloalkenes. Unsaturated alicyclic
hydrocarbons which contain one carbon-carbon
double bond are called cycloalkenes. For example,

—

Cyciobutene

Cyclopropene

o 43

Cyclopentene Cyclohexene

(#i) Cycloalkynes. Unsaturated alicyclic
hydrocarbons which contain one carbon-carbon
triple bond are called cycloalkynes, For example,
cyclopentyne, cyclohexyne, cycloheptyne, cyclooc-
tyne, cyclononyne etc. However, cyclopentyne and
cyclohexyne are highly strained and unstable,
cyclooctyne is strained but somewhat stable while
cyclononyne and higher cycloalkynes are un-
strained and hence are quite stable.

() Aromatic  hydrocarbons — Arenes.
Hydrocarbons and their alkyl, alkenyl and ailkynyl
derivatives which contain one or more benzene rings
either fused or isolated in their molecules are called
aromatic hydrocarbons. They are also called
arenes (aromatic alkenes). Further, since these
compounds resemble benzene in almost all of their
properties, they are also called benzenoid com-
pounds. For example,

CH,
Benzene Toluene
CH,CH, CH,
Ethylbenzene o-Xylene

Arenes may also contain two or more isolated
or fused rings. For example,

e O 1 2

Diphenyl MNaphthalene

Anthracene

The above classification of hydrocarbons is
summarized in Fig. 151
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Hydrocarbons
|
Acyclic or open chain L‘]I.'clh:
|
Saturated Unsaturated Alicyclic Aromatic
(Alkanes) I (Arenes)
Alkenes Alkynes
Saturated Unsaturated
(Cycloalkanes) I
Cycloalkenes Cycloalkynes
FIGURE 15.1. Classificationl'n of hydrocarbons,
PART I 13 C3H,, ‘Tridecane
ALKANES AND CYCLOALKANES 14 CraHy | Tetradecane
15.3. Alkanes sasms s s 20 CooHyy Eicosane
g 30 CyoHgp Triacontane
We have discussed above that saturated

hydrocarbons can be either acyclic or cyclic. The
acyclic saturated hydrocarbons are called paraffins
(Latin : parum = Tittle, affinis = affinity) since they
are relatively unreactive towards most of the
reagents such as acids, bases, oxidising and reduc-
ing agents. However, under drastic conditions, i.e.,
at high temperature and pressure alkanes do un-
dergo different types of reactions like halogena-
tion, nitration, sulphonation, pyrolysis etc,
153.1. Nomenclature of Alkanes

In the IUPAC system, they are called alkanes.
Their general formula is C,H,, , , where n = 1, 2,

3, .... etc. The nomenclature of alkanes has already
been discussed in unit 14. However, for purpose of
recapulation, the TIUPAC names of some alkanes is
given below :

No. of carhon atoms | Formula | TUPAC name
1 CH4 Methane
2 GH; Ethane
3 C;Hy Propane
4 CiHyg Butane
bl GsH;, Pentane
6 CeHiy Hexane
10 CioHay Decane
11 C, Hy, Undecane
12 CioHyg | Dodécanc |

EXAMPLE 15.1. Assign IUPAC name to the
following structures :

(i) (H;0),C () (H:C)zfl-’CHzC(Cﬂs)s

CAls (NCERT)

CH,
1 2l e
Selution. (f) CH;-C—~CH,
|

CH,
2, 2-Dimethylpropane
CH; Y\ G,

4] 3 2l 1
. (i) CH; - C—CH, ~C-CH,
6 5 f [
CH,;—-CH, CH,
2,2,4, 4—Tetramethylhexane
EXAMPLE 15.2. Write the stnuctures for the
alkanes having the following IUPAC names.

(i) 3-Ethyl-2-methylpentane

(%) 3, 4, 8-Trimethyldecane. (N.C.E.R.T)
1 2 4

3 S
Solution, (i) CH;—CH - CH—CH, —CH,
o

CH, C,H,
3—Ethyl--2—methylpentane
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CH, CH, CH,
3, 4, 8—Trimethyldccane

15.32. Structure of Alkanes

Alkanes contain only carbon-carbon and
carbon-hydrogen single bonds with average bond
lengths of 154 pm and 112 pm respectively. Each
carbon in alkanes is sp>-hybridized. Since a sp*-
hybridized carbon has four half-filled sp*-orbitals,
therefore, it forms four —bonds. These four bonds
are directed towards the corners of a regular
tetrahedron. In other words, the angle between any
two adjacent bonds is 109° 28" (tetrahedral angle).
Thus, alkanes have tetrahedral stnictures.

Let us now discuss the structurc.of the
simplest alkane, i.e., methane (CH,). In methane

molecule, carbon lies at the centre of the
tetrahedron while the four hydrogens are present
at the corners or vertices of the regular tetra-
hedron. This implies that each face of the
tetrahedron is an equilateral triangle and has three

bonds as shown in Fig. 15.2 (a).
; e AR 5 H
H
A
' ‘ .
; \
/ c \ Wadg
i \ ge
H:ﬂ’._": :..:;:, H ; ¢
rd "“
'l‘ W - ‘.‘1 ‘\.
. H? & Dashed H
H & Wedge
H
- H
H —C e H  H H
H H
FIGURE 15.2. R nitation of methane m.nl.ncuh
i {a) tetrahedral (b) three-dimensional, L.e., 3D

{c) another 3D view (d) two-dimensional, i.e., 2D
or Fisher Projection formula.

Three-Dimensional (3D) Representation of
Organic Molecules

The three-dimensional (3-D) structure of or-
ganic molecules can be represented on paper by
using certain conventions, For example, using solid
and dashed bedge formula, 3D structurc of methane
molecule is shown in Fig. 15.2(b).

In Fig. 15.2 (b), the thick soiid (or heavy) line
or the solid wedge indicates ¢ C— H bond lying above
the plane of the paper (projecting towards the reader),
two normal or ordinary lines show two C— H bonds
lying in the plane of the paper while the dotted line or
the dahsed wedge represents the C—H bond lying
below the plane of the paper.

Such a representation which completely
describes the actual positions of various atoms of a
molecule in space is called a spatial formula or
three dimensional i.e., 3 D-structure.

Projection Formulae. To represent three
dimentional structures on a two-dimensional sur-
face, (i.e. a paper), Emil Fischer,a German Chemist
in 1891 introduced a simple method. The threc-
dimensional structure is oriented in such a manner
that the veriical bonds are directed away from you
and horizontal bonds are direcied fowards you as
shown in Fig. 152(c). The molecule is then
projected using a ray of light in the plane of the
paper in form of a cross. The carbon atom lies at
the centre of the cross but is not shown. Such planar
representations of three dimensional structures are
called Fischer Projection Formulae. Thus, Fig.
15.1(d) represents the two-dimensional (i.e. 2D) or
Fischer Projection formula of methane molecule.
Besides Fischer projection formula, Newmann
projection and Sawhorse projection formulae have
also been used. Details of these representations will
be discussed in Sec. 15.5.

Sometimes in the planar rcpresentation of
molecules, the carbon atom at the centre is in-
cluded as shown below :

H
|
H-C-H

l
H

Such a representation is usually called as
graphic or displayed formula or line bond
diagrams. Although such formulac do not reveal
the tetrahedral geometry of the molecule, they are
commonly used for most purposes since they are

gasy to draw, However, it must be remembered
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that a graphic formula is just a simplified form of
the real structore shown in Fig. 15.2 (b). Similarly,
we can represent ethane (C,H;) and propane
(C3Hy) by the following graphic formulae -

H H
o]
H-C - C-—-H
L
H H
Ethane

S ey

Molecular Modcls

SR

TO YOUR KNOWLEDGE ./

B “HE-SE
ol
H-C-C-C-H
sl g
H H H
Propane
Sometimes, condensed formulae, instead of
graphic formulae, are also used. For example,

CH;—CH,  CH;-CH,-CH,
Ethane Propane

{
L=

Molecular models are extensively used for a better visualization and perception of 3D structures of organic
molecules. These are made up of wood, plastic or metal and are commercially available. These are mainly of
three types : (i) Framework models (i) Bail and stick models and (tif) Space filling modely as shown below :

Framework Viodel

Ball and Stick Madel

Space Filling Model

In framework models, the atoms themselves are not shown but only the bonds connecting the atoms of a
molecule are shawn. This type of model is used only to study the pattern of bonds in a molecule while ignoring

the size of the atoms.

In the ball-and stick medel both the atoms and bon

ds are shown. Whereas balt represent the atoms but sticks

denote the bonds. Unsaturated compounds containing C = Cand C = C bonds are better represented using

springs instead of sticks.
In space filling models, bonds are not shown but

emphasis is laid on the relative size of each atom depending

upen its van der Waals’ radius. 1n other words, these models convey the volume occupied by each atom in the

molecule,

A e e s s
RS R S e

15.3.3. Methods of Preparation of Alkanes

We have discussed above that petroleum is a
valuable source for the large scale preparation of g
number of hydrocarbons including alkanes. Byt
many alkanes are not available from petrolenm or
we might need only a small amount of a pure alkane
for our laboratory use. In such cases, we usually

B S oo v

s SR
prepare them by laboratory methods of prepara-
tion. Some of the laboratory methods of prepara-

tion of alkanes are discussed below :

A From Unsaturated Hydrocarbons., The
process of addition of hydrogen to an unsamurated
compound in presence of a catalyst is called
hydrogenation or reduction.
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Alkenes and alkynes add one and two
molecules of hydrogen respectively, in presence of
a catalyst such as Raney nickel, platinum or pal-
ladium to form alkanes.

‘ Raney Ni
¢, QRCH=CHR' + H, ————> RCH,—CH,R’
Alkene or Ptor Pd Alkane
Raney Ni
C\G RC = CR’ + 2H, ——— RCH,~CH,R’
Alkync or PtorPd

(where R and R' may be H or same or different
alkyl groups)

With platinum, palladium and Raney* nickel
hydrogenation proceeds smoothly and quantita-
tively at ordinary temperaturcs and pressures.
However, with ordinary nickel relatively higher
temperatures (ca. 523-573 K) are often required.
This hydrogenation of unsaturated hydrocarbons
using ordinary nickel at a temperature of about 523~
573 K is commonly known as Sabatir___,gr__md
Sendern’s reaction or reducﬂg_n. Thus,

Mi

o0 CH, = GHIEEH =+ CH, - CH,
Ethcne 53-5BK Ethane
(Lthylene)

Mi
AC CH=CH + 2H, —— CH, — CH;
Ethyne 523-5TK Bihane
(Acetylene)

This hydrogenation reaction is used in the
manufacture of Vanaspati Ghee from edible
vegetable oils.

V& From Alkyl halides. Alkyl halides can be
converted into alkanes by any onc of the following
methods :

(i) Through Grignard reagents. Alkyl halides
especially, bromides and iodides react with mag-
nesium metal in presence of dry ethoxyethane
(diethyl ether) to form alkylmagnesium halides.
These are commonly known as Grignard reagents
after the name of their discoverer Victor Grignard
who was awarded the Nobel Prize in Chemistry in
1912 for the discovery of these versatile reagents.

Dry cther
R = X e e
Alkyl halide

R—Mg—X
Grignard reagent

Dry ether
eg, CH,CH,—Br+Mg —*
Bromoethane
(Ethyl bromide) CH,CH,MgBr
Ethylmagnesium
bromide
Since carbon is more electronegative

(Electronegativity = 2.5) than magnesium
(Electronegativity = 1.2), therefore, C—Mg bond
is quite polar, Hence, Grignard reagents readily
react with compounds containing active hydrogens
<uch as water, acids, alcohols, ammonia, amines,
etc. to form alkanes. For example,

O CH,CH,MgBr +H,0 —>

Ethylmagnesium
bromide CH,CH, + Mg(OH)Br
Ethane
) cCH,Mgl + CH;OH —
Methyl— Methanol
magnesium
iodide CH, +Mg(OCH,)I

= Methane
[+ <\ Wurtz reaction. When an alkyl halide
(preferably bromide or iodide) is treated with
metallic sodium in presence of dry diethyl ether, a
symmetrical alkane, containing double the number
of carbon atoms present in the alkyl group, is
formed. This reaction is called 'Wurtz reaction.

.................. - Dry ether
2 b e R I X_i-—R
Alkyl halide R — R + 2NaX
Alkane
eg, CH; - “Br +2Na + Br i~CH,
Bromomethane
(Methyl bromide )
Diry ether
———— CH,;--CH, + 2NaBr

Ethanec

Iodoethane
(Ethyl iodide)
Dry ether

——eee

CH,CH;, — CH,CH, + 2Nal
Butane

Thus, Witz reaction is a convenient method for
the preparation of symmetrical alkanes ( R—R) ie,
alkanes containing an even number of carbon atoms.

#Haney nickel is an active form of nickel and is obtained by treating Ni-Al alloy with NaOH when Al dissolves leaving nickel

in the finely divided state,



HYDROCARBONS

N

However, if two different alkyl halides are
used to prepare an alkane with odd number of
carbon atoms, a mixture of three alkanes is actually
produced. This is due to the reason that the two
alkyl halides in addition to reacting with each other
also react amongst themselves giving a mixture of
three alkanes as illustrated below :

CH;—1 + 2Na +1— CH,CH,

Iodomethane Iodoethane
(Merhyl iodide) (Evhyl iodide)
Dry ether
CH, — CH,CH, + 2Nal
Propane
Dry ether
CH;~I+2Na+1-- CH, ———»
CH;—CH, + 2Nal
Ethane
CH;CH,—1 + 2Na + [ — CH,CH,
Dry cther
———— CH,CH, — CH,CH, + 2Nal
Butane

The boiling points of these alkanes are very
close and hence they cannot be separated by frac-
tional distillation. Itisbecause of this drawback that
Wurtz reaction is used for the synthesis of only sym-
metrical alkanes and not for the preparation of un-
symmetrical alkanes, Le., alkanes conigining odd
number of carbon atoms.

Mechanism. Two different mechanisms have
been suggested for the Wurtz reaction.

{(a) Through intermediate formation of an or-
ganometallic compound

R-X+2Na — R7™Na* + NaX
Alkyl sodium

T owdt
R ™ Na®™ ¥R L35 B R 4+ Nax
Alkane

(b) Through intermediate formation of free
radicals

R—-X +Na — R +Na* X~
Y Free radical
2R — R-R
Alkane

W Corey-House reaction, Wurtz reaction
does not give good yields of unsymmetrical alkanes,
i.e.,, alkanes containing odd number of carbon
atoms. However, Corey-House reaction can be
used to prepare both symmetrical and unsymmetri-
cal alkanes in good yields. In this reaction, the alkyl
halide is first treated with lithium metal in dryether

*OZn+Z0* 4 %7 @R-X+e R+ X (@) R+e — R (@) Re= 4 CHsOH » R—H + CyH,0",

to form alkyllithium which is then allowed to react
with cuprous iodide to yield lithium dialkyl capper.
Lithium dialkyl copper thus obtained on sub-
sequent trcatment with a suitable alkyl halide gives
the desired alkane.

Dry ether
R-X +2Li——— R-Li +LiX
Alkyl halide Alkyllithium
2R—-Li+Cul — R,CuLi +2Lil
Lithium dialkyl —
copper
R,Culi+ R'—X——- R-—-R' + RCu + LiX
Alkane Alkyl copper

{(where R and R’ may be same or different alkyl

groups)
. Dryether
eg CHy;—-CH,~-Br+2Li ———

Ettyi bromide

CH,~CH, —Li + LiBr
2CH;— GH,-Li + Cul —»

LCthyllithium (CH3 — Cm)ZCuLi + Lil
Lithium diethylcopper
Dry cther

(CH;3— CH,),CuLi+CH,CH, ~ CH, — Br —»
n-Propyl bromide
CH;CH,CH,CH,CH, + CH,CH,Cu + LiBr

t—Pentane Ethylcopper

_;-;;.f', wﬂrduﬂi:m of Alkyl halides, Alkanes can

also be prepared by the reduction of alkyl halides
preferably bromides and iodides. This reduction
can be carried out in number of different ways as
discussed below :

& Reduction by dissolving metals such as Zn
and CH,COOH or HCl, Zn and NaOH or Zn— Cu

couple and wlcohol.
Zn/HCl
R—X

Alkyl halide

R—-H + HX
Zn/HCl
¢&, CH;CH, -CHBr—CH, ——
2—RBromobutane
CH,;CH,—CH,CH, + HBr
Butane
The reduction occurs by transfer of electrons*
and not by nascent hydrogen as onginally believed.
(b) Reduction by chemical reagents such as
LidlH, NaBH, and Fh,SnH.

R B
Alkyl halide Alkane

e
(From LiAIH,)
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Y 1° and 2° alkyl halides arc readily reduced to
alkanes by LiAlH, but 3° alkyl halides mainly un-

dergo dehydrohalogenation. On the other hand,
NaBH, reduces 2° and 3° alkyl halides but not 1°
whereas triphenyltin hydride (PhySnH) reduces all
the three types of alkyl halides.

¥ Catalytic hydrogenolysis implics cleavage
of a sigma bond with H, in presence of a catalyst.

The best catalyst is Pd—C but Raney Ni has also
been effective provided it is used in large excess.

Pd-C
CH,CH; —Br + H,— CH,-CH, + HBr
Bromoethane Ethane
Reduction with HI and red P. Alkyl iodides

are readily reduced to the corresponding alkanes by
heating with conc. HI in presence of red P at 423 K.

423 K/med P
CH,CH,—1 + HI CH,—CH; +1,
Iodoethane Ethane
(Ethyl iodide)

The purpase of red phosphorus is to remove
the iodine liberated in the reaction, otherwise it
would react with the alkane to give back the alkyl
1odide.

2P + 3, — 2PL,

) \& From carboxylic acids. Alkanes can be
‘prepared from carboxylic acids by the following
two methods :

(i) Decarboxylation, and
(ii) Kolbe’s electrolytic method
Wi Decarboxylation.
The process of removal of @ molecule of CO, from
an organic compound is called decarboxylation.
When a carboxylic acid is heated with soda-

lime (NaOH + CaQ in the ratio 3 : 1) at
about 630 K, a molecule of CO, is lost and

an alkane with one carbon atom less than
the carboxylic acid is formed.

R—COOH +NaOH —
Carboxylic acid

R — COONa + H,0
CaQ, 630K
R—-COQONa + NaOH ——
R—H + Na,CO,
Alkane
¢g, CH,;COOH +NaOH—>

Ethanoic acid

{A cetic acid) CH,COONa + H,0

Sod, acetale

Ca0, 630 K

CH;COONa + NaOH
CH,
Methane

Ca0
Similarly, CH;CH,COOH + 2NaOH ——>
630K

+ Na,CO4

Propanoic acid
(Propionic acid)
CH,;— CH, + Na,CO, + H;0

Ethane

NaOH alone could have been used in the
above reaction but soda- lime is preferred because
of the following two reasons :

(/) CaO permits the reaction to be carried out
at a relatively higher temperature to ensure com-
plete decarboxylation.

(i) CaO keeps NaOH dry because it is quite
hygroscopic (absorbs moisture from air) in nature.

In the laboratory, methane is prepared by
heating a mixture of sodium acetate and soda lime
(in the ratio of 1 : 4) in a copper tube (Fig. 15.3.)
and the methane produced is collected by the
downward displacement of water.

v (Wi Kolbe’s electrolytic method. When a con-
centrated aqueous solution of the sodium or potas-
sium salt of a mono carboxylic acid is electrolysed,
an alkane is produced as shown below :

Electrolysis
2 RCOONa + 2H,0 —————

R—R + 2NaOH + H, + 2CO,
] Alkane

Electrolysis

e.g, 2CH,COONa + 2H,0
Sod. ethanoate
CH, — CH; + 2NaOH + H, + 2CO,
Fthane

SODIUM ACETATE
+ SODA LIME

FIGURE 15.3. Laboratory preparation of methane.
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This reaction is believed to occur through the
following steps :
Ionization

2 CH; COONa —— 2 CH,;COO~ + 2Na*
Tonization
2H,0 == 20H" +2H*

Atanode : 2CH;CO0™ — 22~ ——
[2 CH;COO] —— CH,—-CH; + 2CO,
(unstable) Ethane
At cathode : Since the discharge potential of
H™ ions is lower than that of Na® ions, therefore,

H™ ions are preferentially discharged to produce
H, while Ma™ ions remain in solution. Thus,

2H* + 26— [2H] —— H,

Kolbe’s reaction laid the foundation for the
development of organo-electrochemistry.

Limitation. Like Wurtz raction, this is also
used to prepare only alkanes with even number of
carbon atoms and not alkanes with odd number of
carbon atoms.

Mechanism. Kolbe’s reaction occurs by free
radical mechanism as shown below :

0 O
. =
CH;—C-0:" — CH;-C-0:+¢"
Acetate ion Acetate free radical
Q O

8! : |
c@.cﬁm; — CH, + C=0

l\_/‘ Methyl
, " free radical
CHy;+CH; — CH,-CH,
Ethane

(<1&/ 4. By the action of water on beryllium and
aluminium carbide, Both these carbides on treat-
ment with water methane,

Be,C  +4H,0— CH, + 2B¢(OH),
Beryllium Methane

carbide

ALC, +12H,0 — 3CH, + 4 Al(OH),
Aluminium

carbide

15.3.5. Physical Properties of Alkanes

The physical properties of alkanes such as
boiling point, melting point, density and solubility
depend upon the infermolecular forces of attraction.
Since alkanes are almost non-polar molecules,
therefore, these intermolecular forces of attraction

are of van der Waals type which mainly depend upon
the shape and hence the structure of the molecule.
The magnitude of these forces of attraction
depend upon the surface area of contact between
adjacent molecules. Greater the surface area,
stronger are the van der Waal's forces of attraction.
In the light of these arguments, let us now discuss
the variation in physical properties of alkanes.

1. Boiling points. Amongst the straight chain
alkanes, the first four members (C,~C,) are gases,

the next thirteen are liquids (C;—C,,) and the higher
members (C,; onwards) are colourless waxy solids.

The boiling points of straight chain alkanes
increase fairly regularly with increase in their
moiecular mass. On the average, the boiling point
generally increases by 20— 30K for the addition of
each carbon atom or a CH, group to the chain. The

difference in boiling points is, however, greater for
the lower homologues than for the higher
homologues.

This regular increase in the boiling points of
straight chain alkanes with increase in the carbon
content (Fig. 15.4) is due to a corresponding in-
crease in the molecular size and hence the surface
area of the molecules. As a result, the magnitude of
the van der Waals forces of attraction goes up and
hence the boiling point increases accordingly.

600

-

1 5004
400 -
300 4

200+

— BOILING POINTS (K

100+
80

T T T T T
4 B 12 16 20

.
NUMBER OF CARBON ATOMS PER MOLECULE

FIGURE 15.4. Increase In the boiling points of
n-alkanes with the increase in the number of carbon
atoms per molecule of the homologous series.

Amongst isomeric alkanes, the branched chain
isomer has invariably the lower boiling point than the
corresponding n-alkane. This is due to the reason
that with branching the shape of the molecule tends
to approach that of a sphere. As a iesult, the surface
area of the branched isomer decreases. Due to lesser
surface area of these molecules, the van der Waals
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forces of attraction operating between
their molecules become comparatively

: 340
weaker and hence lesser amount of ener-
gy is required to overcome them. As a il
result, the boiling points of branched 300—
chain isomers are lower than those of the 280~
corresponding n-alkanes. 250~
CH,CH,CH,CH,CH, br ST ¢ 240
n-Pentane (nobranching) £ osp
(bp =309 K, mp. = 143 3K} =
8 200
CH, O 180—
| =
5 160
CH,-CH-CH,CH or i
3 243 AT
Isopentanc (one branch)
(bp. = 301 K, mp. = 113-1K) l 120+
100
CH, 80
| 3
CH3—T‘—CH3 or J\
CH,

Neopentane (fwo branches)
(b.p. = 2825 K, m.p. = 2564 K)

Further, it-has been observed that
greater the branching, lower is the boiling point of
the branched isomer. For cxample, the boiling
point of 2, 2-dimethylpropane (neopentane, 282.5
K) with two branches is lower than those of 2-
methylbutane (isopentane, 301 K) with one branch
chain and n-pentane (309 K) with no branch chain

2. Melting points. Like boiling points, the
melting points of alkanes also increase with in-
crease in carbon content but the variation is not
regular (Table 15.1).

TABLE 15.1. R‘Ie]tir;g‘poli.n-ts of some n-alkanes

Alkane C;Hy C,H,y, CsHy, CgHyy
m.p. (K) 85-3 134-6 143-3 178-5
Alkane  CHyg  Cgllyy  GoHyp  CygHlyy |
np. (K) 1824 2162 222 243-3 |

When the melting points of n-alkanes arc
plotted against the number of carbon atoms present
in them, a sawtooth pattern (Fig. 15.5.) is obtained.

From Fig. 15.4, it is clear that alkanes with
even number of carbon atoms have higher melting
points than those with an odd number of carbon
atoms. This property is commonly known as alter-
nation effect and can be explained as follows :

The melting point of a substance depends not
only upon the size and shape of the molecules but

r1I_I'i||||li
5 Fj 8 1,13 15 17 19 21T 23

NUMBER OF CARBON ATOMS PER MOLECULE —3»

FIGURE 15.5. Increase in the melting points of n-alkanes
with the increase in the number of carbon atoms per

molecule of the homologous series.

also upon how closely the molecules are packed in
the crystal lattice. But due to sp*-hybridization in
alkanes, any two bonds of a carbon atom make an
angle of 109°-28" with one another. As a result, in
n-alkanes, the carbon atoms are arranged in a zig-
zag chain rather than in a straight chain as common-
ly written. Therefore, in n-alkanes, containing an
even number of carbon atoms, the two terminal
methyl groups lie on the opposite sides of the zig-
zag chain. On the other hand, in case of n-alkanes
having odd number of carbon atoms, the two ter-
minal methyl groups will lic on the same side of the
zig-zag chain as shown below :

CH, CH, o
C[—Ia/ \(z \CI-Iz
n-Hexane

(Even number of carbon atoms, higher melting point)
sEas

/ CH\Z
CHL; Ol CH
(00dd number of carbon atorns, lower melting poinr)

Thus, it is clear that n-alkanes with even num-
ber of carbon atoms are more symmetrical than
those containing odd number of carbon atoms and
hence pack closely in the crystal lattice. In other
words, vander Waals forces of attraction are much
stronger in n-alkanes having even number of carb-

CH,
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on atoms than those having odd number of carbon
atoms. Thercfore, n-alkanes with even number of
carbon atoms have much higher melfing points than
the next lower n-alkane with odd number of carbon
atorns. For example, n-butane with four (cven)
nuomber of carbon atoms melts at 138 K while
propane with three (odd) number of carbon atoms
melts at 85.3 K. Similarly, n- hexane melts at 178.5
K while the next lower alkane, i.e., n—pentane melts
at 1433 K.

It may be noted that such an alternation effect
is not observed in boiling points since in the liquid
state, the conformations of the molecules are not
fixed but keep on changing as a result of collisions.

3. Solubility. ‘Like dissolves like’ is the general
rule of solubility. In the light of this rule, alkane
which are predominantly non-polar are insoluble in
polar solvents such as water, alcohol efc. but are
highly soluble in non-polar solvents such as
petroleum ether, benzene, carbon tetrachloride etc.

4. Density. The densities of alkanes increase
with increase in the molecular masses tilt the limit-
ingvalue of about 0.8 g cm ™3 is reached. This means
that ali alkanes are lighter than water.

153.6. Chemical Reactions of Alkanes

The reactivities of various hydrocarbons are
directly related to their structures. We have already
discussed in Unit 14 that alkanes are saturated
hydrocarbons. These contain only C— Cand C—H,
o-bonds. Since these bonds are quite strong,
alkanes are the least reactive of all the hydrocarbons.
{t is because of this relative inertness that alkanes are
also called paraffins (Latin : parum = little, affinis
= affinity or reactivity).

Some important chemical reactions of alkanes
are discussed below :

1. Substitution reactions

A reaction in whick a hydrogen atom of a hydrocar-
bon is replaced by an atom or a grovup of atoms is

called a substitution reaction.
Alkanes, because of having only C—C and
C — H sigma bonds undergo only substitution reac-

tions, Some important substitution reactions of
alkanes are discussed below,

X W Halogenation of Alkanes, Halogenation of
an alkane is carried out by treating it with a suitable
halogen in presence of ultraviolet light or by heating
the reaction mixture to 520 —-670 K.

The order of reactivity of different halogens
in these reactions is :

F,>CL >Br, >1,

) Chlorination. During chlorination of
methane, all the four hydrogen atoms are replaced
one by one to form a mixture of products. For
example,

hv or
CH, +Cl, ——— CH,Cl1  + HCl
Methane 520-670K  chloromethane
{(Methyl chloride)
hv or
CH,Cl +Cl,——— CH,CL, +HCi
Chloromethane 520—670 K Dijchloromethane
{(Meshylene chloride)
kv or
CH,Cl, + Cl, ———> CHCl, +HCI

Dichloro— 520 - 600K Trichoromethane
methane (Chloroform)
hv or
CHCl, +Cl, —— cCl,  +HC
Trichloro— 520 ~ 670K  Tegrachloromethane
methane (Carbon tetrachloride)

W) Brominaion. Bromine reacts with alkanes
in a similar manner but less readily.

hy
CH, — CH, + Br,
Ethane 520-670 K
CH,—CH, — Br + HBr
Bromoethane

W) lodination. The reaction of iodine with
alkanes is reversible because the hydrogen iodide
formed as a by-product is a moderate reducing
agent and hence reduces the iodoalkane back to
alkane.

CH, + I,

CH;—1 + HI

lodomethane
(Methy! Todide)

Thus, direct iodination of alkanes cannot be
brought about. However, the iodination can be
carried out in presence of an oxidising agent such
as iodic acid (HIO,), nitric and (HNO;) or mer-

curic oxide (HgO) which converts HI to |, as it is

—
——

formed :

5HI + HIO, —— 3l, + 3H,0

2HNO, + 2HI — 2H,0 + 2NO, + 1,
HgO + 2HI — Hgl, + H,0

Wi¥) Fluorination of alkanes is too vigorous to
be controlled under ordinary conditions. Further-
more, fluorination brings about extensive rupture
af C—C and C—H bonds leading to a mixture of
products. Thus, fluorination of alkanes with pure
fluorine is of little practical use. However, fluorina-



15/12

Pradeep’s New Course Chemiscry JETF]

tion of alkanes can be carried out by diluting
fluorine with an inert gas such as nitrogen or argon.

—-F+
3y E2

Chloroethane

Alternatively, alkyl fluorides are more conveniently
prepared indirectly by heating  suitable
chloroalkanes with inorganic fluorides such as
AsF,, SbF;, AgF, Hg,F, etc. For example,

Fluoroethane
This reaction is called Swarts reaction.

- R
g_ p e

TO YOUR sK-Né‘QQLEDGE R

Even monohalogenation of higher alkanes (propane and higher members) gives a mixture. of all the passible
isomeric haloalkanes. For example,

Cly, by

i R
O S R

CH,—CH,—CH,4 CH,—CH,—CH,—Cl + CH;—CHCI—CH,
Propane K 1—Chloropropane (45%) 2—Chlaropropane (55%)
The relative amounts of these isometic haloalkanes, however, depends upon
(¥) nature of halogen (Cl, or Br,) and
(#) number and type of hydrogens (1°, 2° or 3°) being substituted.
In general, the ease of substitution of various hydrogens follows the sequence :
3° » 2° > 1° but their relative rates vary with the nature of the halogen. For example with Cl,, the relative rate

Mechanism of halogenation. Halogenation of
alkanes occurs by a free radical mechanism. Each
free radical reaction consists of three steps :

Let us illustrate the mechanism of halogena-
tion of alkanes by considering the chlorination of
methane.

(@) Chain initiation. When a mixture of CH,
and Cl, is heated to 520-670 K in dark or is sub-
jected to UV light at room temperature, Cl, ab-
sorbs energy and undergoes homolytic fission
producing chlorine free radicals.

520—670 K or UV light

Cl-Cl —_

Homolytic fission

(b) Chain propagation. Each propagation
step consists of two reactions. In the first reaction,
the - Cl attacks the CH, molecule and abstracts a
hydrogen atom forming -CH, and a molecule of

HCI as shown in reaction (7). In the second reac-
tion, *CH, thus produced reacts further with a

molecule of Cl, forming a molecule of methyl

chloride and another - Cl as shown in reaction (ii).
The newly formed - Clreacts with another molecule
of CH, (reaction (i)) to produce another molecule

of HCl and another -CH;. This - CH; can again
repeat reaction (i) and so on. Thus, the sequence

2Cl

Chlorine free radical

of substitution of 3%, 2° and 1° hydrogens at 298 K is 5 : 3-8: 1 while with Bry, it is

1600: 82 : 1 at 400 K.

of reactions depicted in equations (i) and (if) is
repeated over and over again and the chain gets
propagated. In other words, a single photon of light
absorbed by Cl, can bring about the conversion of
a large number of CH molecules into CH,Cl. Such
reactions are called chain reactions.

H H

| % I
(f)H—cm Cl — H-C-+HC
|“J Chlon'::le |
H free radical H
Methyl free radical

H

H
I | ;
(ii)H—C-QID[(YJl—- H-C—Cl+:Cl
I I

H H
Methyl chloride

When sufficient amount of methyl chloride
has been formed , the - Cl produced in reaction (ji)
has a greater chance of colliding with a molecule of
CH,CI rather than a molecule of CH,. If such a
collision occurs, a new free radical (-CH,Cl) is
produced (reaction (jii)} which may subsequently
react with Cl, producing a molecule of CH,Cl, (reac-
tion (iv)) and another - Cl. This process continues till
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all the hydrogen atoms of methane are replaced by
halogen atoms (reactions (v), (), (vii) and (viir)).

(i) CH,Cl + -Cl — -CH,CI + HCl

(iv) -CH,Cl + Cl, — CH,Cl, + -Cl

(v) CH,Cl, + -Cl —> -CHCI, + HCl

(vi} -CHCl, + Cl, — CHCl; + ‘Cl

(vii) CHCl, + -Cl — -CCl, + HCl

(viii) -CCl; + C};, ~— CCl, + -Cl

(c) Chain termination. The chain reactions
discussed above may come to a halt if two of the
same or different free radicals combine amongst
themselves without producing new free radicals.
Some of the possible chain termination steps are :

‘Cl+ -Cl —Cl-Cl
-CH; + -CH; — CH;-CH,
'CH; + 'Cl — CH;-C1

7 Wg WNitration. The process of replacement of a
hydrogen atom by a nitro (— NQ;) group is called
nitration. At ordinary temperatures, alkanes do
react with HNO,. However, when a mixture of an
alkane and fuming HNO, vapours are heated at
423-673K under pressure (vapour phase nitration),
alkanes undergo nitration giving a mixture of
nitroalkanes resulting through cleavage of carbon-
carbon bonds. For example,

Methane {Fuming) Nitromethane
(low yield)
Fuming HNO,
CHy—CH; ————
Ethane 673K
CH,CH,—NO, + CH,—NO,
Nitroethane (80%)  Nitromethane (20%)
—s CH,CH,CH,NO,
1—Nitropropane (25%)
Fuming Noz
HNO,

+ CH,— leH —CH,
2—Nitropropane (40%)
+ CH,CH,—-NO,
Nitroethane (10%)

—=+ CH,—NO,
Nitromethane (255%)
+ Other oxidation products
(CO,, NO,, H,O ete.)

CH,—CH,—CH,

Propane LIERS

The order of reactivity of different hydrogens

in this reaction is : 3° > 2° > 1°.
Mechanism. The reaction occurs by the fol-
lowing free radical mechanism :
423-673K

HO-NO, HO + NO,

Homolytic fission

R—H + OH — R- + H,0

R' + 'NOZ o R—NO:
Nitroalkane
Mmlphonaﬁon. Substitution of a hydrogen
atom of an alkane by sulphonic acid group
(— SO;H) is called sulphonation. It is carried out by
heating an alkane with fuming sulphuric acid
(H,SO, + SO,) at 675—725 K. Branched chain
and higher normal alkanes (containing six or more
carbon atoms) undergo sulphonation to give
alkanesulphonic acids. The ease of substitution is
I>22>1°

SO
CH,(CH,),CH, + H,S0, ——»
n—Hexane 6715 K
CH,(CH,),CH, ~ SO,H + H,0
n~Hexancsulphonic acid
CH,
| S0,
CH,-C-H + H,50y —
| 615K
CH,

2—Methylpropane CH,
|
CH,-C-80,H + H,0
|
CH,
2—Methylpropane —2—sulphonic acid
Mechanism. Like nitration, sulphonation also
occurs by a free- radical mechanism.

673K 5 :
HO-350,H HO + SO,H

. Homolytic fission
R-H+OH — R +H,0
R-+:SO,H — R-SO,H

Alkanesulphonic acid

@G 1L Oxidation. Some important oxidation
reactions of alkanes are as follows :

(a) Complete oxidation or combustion. On
heating, alkanes readily burn in air or oxygen
producing CO, and H,O. This process is called
combustion,
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o CH, + 20, — CO, + 2H,0;
AH® = — 890 k) mol ™'

2 CH;—~CH,4 + 70, — 4CO, + 6 H,0;
AH® = — 1555 kJ mol ™!

Since the process of combustion is accom-
panied by liberation of large amount of heat, there-
fore, alkanes which are the constituents of LPG,
gasoline, kerosene o1l, and diese] are widely used as
fuels.

(b) Incomplete combustion. (i) If the combus-
tion of alkanes is carried out in limited supply of air
or axygen, CO is produced along with unbucnt
carbon in the form of carbon black or soot.

- CH; +30, — 2C0 +4H,0
& (limited)
CH, + 0, — C+ H,0
(limited) Carbon black
Carbon black is used in the preparation of
black inks, paints, polishes etc.
(i{) Reaction with stearm. Methane reacts with

steam at 1273 K in presence of nickel as catalyst
forming CO and H,.

/-y

1273 K, Ni

[~ CHy + H0 ———— CO +3H,

This method 15 used for industrial preparation
of dihydrogen.

(¢} Catalytic oxidation. Different products
are formed under different conditions.

W hen a mixture of methane and oxygen (9
: 1 by volume) at a pressure of 100 atm. is passed
through a copper tube at 573 K, methanol is
formed.
100 atm. 573K
R ORI  2ICH, OH
: Methane Cu tube Methanol

: W When a mixture of methane and oxygen
under pressure is passed over heated molybdentim
oxide, it 15 oxidised to methanal.

- Mo,0,
o CH, + 0, ——— HCHO + H,0
Methane A, pressure  Methanal

j#1) Higher alkanes on oxidation in presence of
silver oxide give carboxylic acids.
Ag,0

2R - CH, + 30, — 2RCOOH + 2 H,0
Alkane A Carboxylic acid

L.
-

Wln general, oxidising agents such as
KMnQ,, K,Cr,0; ctc. have no effect on alkanes.

However, alkanes containing a tertiary hydrogen
can be oxidised to the corresponding alcohols.
\or T CH, CH,
o | Alk. |
CH,—C-H + [0] ——— CH,—C—-OH
| KMnOQ, |
CH, CH,

Isobutane terr— Butyl alcohol

Wm’ Isomerization. When n-alkanes are
heated with anhydrous aluminium chloride and
hydrogen chloride at 573 K under a pressure of
about 35 atmospheres, they are converted into
branched chain alkanes. For example,

AICH/HCI
() CH3— CHy—CHl, =Gl
n—Butane SBK
CH,
|
CH;—-CH-CH,
[schutane
AICI/HCl
(#) CH3—(CH,),—CH; —————
7n—Hexane o

CH,
|
CH, — CH— CH,CH,CH,
2—Methylpentane

CH,

|
+ CH,CH,— CH — CH,CH,
3~Methylpentane
The process of isomerization has been of great
utility for increasing the octane number of a par-
ticular petroleum fraction.

Y Aromatization, Alkanes containing six or
more carbon atoms when heated to about 773 K
under 10-20 atm. pressure in the presence of a
catalyst consisting of oxides of chromium,
vanadium and molybdenum supported over
alumina, get converted into aromatic hydrocar-
bons. This process which involves cyclization,
isomerization and dehydrogenation is called
arpmatization. For example,
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/ CH,
CH, CH, Cr)0, V,05 M0,05/ ALO,
I | v
CH, CH, 773 K, 10—20 atm
\ / Cyclization
CH (-Hy

2

O Dehydrogenation @
(-3H)

Cyclohexane Benzene

Under similar conditions heptane gives toluene
and octane gives mixture of o, m- and p-xylenes.

15.3.7. Uses of Alkanes

(i) Methane in form of natural gas is used for
running scooters, cars, buses etc. L.P.G. (mixture of
butane and isobutane) is used as a fuel in homes as
well as in industry.

(i{) Methane is used to make carbon black
which is used in the manufacture of printing inks,
paints and automobile tyres.

(ifi) Catalytic oxidation of alkanes gives al-
cohols, aldehydes and carboxylic acids.

(iv) Higher alkanes in form of gasoline,
kerosene oil, diesel, lubricating oils and paraffin
wax are widely used.

(v) Methane is used for the manufacture
halogen containing compounds such as
CH,Cl,, CHCl,, CCl, etc. are used as solvents both

in laboratory and industry.-
15.4. Stereoisomerism .

Isomers which have the same structural for-
mula but have different relative arrangement of
atoms or groups in space are called stereoisomers
(Greek : stereo = space, meros = part) and the
phenomenon is called sterecisomerism.

Since each different spatial arrangement of
atoms which characterises a  particular
stercoisomer is called configuration, therefore,
stereoisomers have the same molecular structure but
different configurations.

Stereoisomerism is of the following three
types :

(i) Conformational isomerism
(if) Optical isomerism and
(i) Geometrical isomerism.

Let us now discuss conformational isomerism
in alkanes.

15.5. Conformations of Alkanes

It has already been stated in Unit 5 that a
sigma (or single covalent) bond between two carb-
on atoms'is formed by overlap of sp>-hybrid orbitals
of each carbon along their internuclear axis. There-
fore, the electron distribution within the molecular
orbital (MO) thus formed is cylindrically symmetri-
cal along the internuclear axis as shownin Fig. 15.6.
Due to this cylindrical symmetry of a-MO’s, rota-
tion about carbon-carbon single bond is almost free
(as it requires very little energy for rotation). As a
result of this almost free rotation, the molecules of
an alkane can have different shapes, i.e., different
relative arrangements of their atoms in space.

o g I e T

- FIGURE 15.6. A cylindrically symmetric MO (of a
single bond) obtained by overlapping of sp3-hybrid
orbita]s of two rarhon atoms.

mwmmmququr
the atoms in space which result through rotation
about a single bond are mwmm or

rodational isomers or simply mmnurx.

Let us now apply the concept of free rotation
to ethane propane and n-butane molecules and
discuss their conformations, ™

15.5.1. Conformations of Ethane
In ethane (CH; — CH,) molecule, the two

carbon atoms are connected by a o-bond. If one of
the methyl groups in ethane molecule is kept fixed
and the other is rotated about the C—C bond, a
large number of momentary arrangements of the
hydrogen atoms on one carbon atom with respect
to the hydrogen atoms on the other carbon atom in
space are obtained. These infinite number of
momentary arrangements of atoms in space repre-
sent conformations of ethane. In all these confor-
mations, the basic structure of ethane molecule and
various bond angles and bond lengths remain the
same.

Out of the infinite number of possible confor-
mations of ethane, only two extreme conforma-
tions, i.e., staggered and eclipsed are important. All
other conformations lying in between these two
conformations known as gauche or skew conforma-
tions.

ot
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Two-dimensional or 2 D-representation of
Conformations. We have already discussed that
three-dimensional structures can be represented
on a two-dimensional (i.e. 2 D) surface with the
help of Fischer Projections. One serious drawback
of these projection formulae is thar they represent
the molecule in the unfavourable eciip::d conforma-
tion. However, while discussing the reactions of a
molecule, it is usuvally desirable to depict the
molecule in its actual staggered form rather thanin
the hypothetical eclipsed form as shown in the
Fischer projection. Therefore to overcome this dif-
ficulty, the conformations of a molecule are usually
represented by the following two methods :

(/) Sawhorse Formulae. This is a simple
method of representing three dimensional for-
mulae on paper. The molecule is viewed slightly
from above and from the right and projected on the
paper. The bond between the two carbon atoms is
drawn diagonally and is slightly elongated for
clarity. The lower left hand carbon is considered to
be towards the front and the upper right hand
carbon towards the back. The Sawhorse repre-
sentation for staggered and eclipsed conformations
of ethane are shown in Fig. 15.7.

H H

H H
H

STAGGERED ECLIPSED

FIGURE 15.7. Sawhorse representation for
Staggered and Eclipsed conformations of ethane.

(ii) Newman Profection Formulae. Newman
devised a simple and highly useful method of
repesenting three dimensional formulae on paper.
After his name, these are called Newman Projec-
tions. These projection formulae are oblained by
viewing the molecule along the bond joining the two
carbon atoms. The carbon atom near the eyc is
represented by a point and the three atoms or
groups attached to it by three equally spaced (120°)
radii. The carbon atom farther from the eye is
designated by a circle and the three atoms or
groups attached to it by three equally spaced radial

H
aHt
-~
H
H
STAGGERED ECLIPSED
H
H
H
H \\H H
SKEW

FIGURE 15.8. Newman projection formulae for
Staggered, Eclipsed and Skew conformations of ethane,

extensions. The Newman projections for staggered,
eclipsed and skew conformations of ethane are
shown in Fig. 15.8.

Relative stability of Staggered and Eclipsed
conformations of Ethane. In staggered conforma-
tion, each of the hydrogen atoms on the front carb-
on lies exactly in between each of the hydrogen
atoms on the back carbon, In other words, in this
conformation, any two hydrogen atoms on adjacent
carbon atoms (non-bonded hydrogens) are as far
apart as possible (internuclear H to H distance =
3-1 A or 310 pm). As a result, the repulsions be-
tween the electron clouds of o-bonds of two non-
bonded hydrogen atoms is minimum. On the other
hand, in eclipsed conformation, each of the
hydrogen atoms on the back carbon lies exactly
behind each of the hydrogen atoms on the front
carbon. In other words, the non-bonded hydrogen
atoms are quite close (2-29A or 229 pm). As a
result, the electron clouds of the o-bonds of two
non-bonded hydrogen atoms repel each other. This
raises the energy of the eclipsed conformation rela-
tive to staggered conformation. Thus, the staggered
conformation of ethane should be more stable than
the eclipsed conformation. Experimentally, it has
been found to be so. The staggered conformation
of ethane is about 12- 55 kJ mol ™! more stable than
the eclipsed conformation.

The variation of energy of the conformations
of ethane with rotation about the C— C single bond
1s shown in Fig. 15.9.
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Eclipsed

POTENTIAL ENERGY ——p
(=]

deviation from staggered conforma-
tion introduces ftorsional strain into
the molecule. Thus, the instability of
eclipsed conformation of ethane rela-
tive to staggered conformation is due
to torsional strain and the energy bar-
rier between the staggered and eclipsed
conformations of ethane is called the

Eclipsed

s MR- " o Staggarad torsional eneryy.
-
:¢< ﬁ\ 3. Non-bonded interactions.
H H Staggered " B The atoms (or groups) present on ad-
L. . {“’”"I’“b'”; ~ : : — Jacent carbon atoms are called non-
o &0 120° 180 246 200 sgg  Ponded atoms (or groups) and the

FIGURE 15.9. Variation of energy during rotation about

C—C single bond in ethane molecule.

The energy difference of 12- 55 kJ mol ™! be-
tween the staggered and eclipsed conformations is,
in fact, the energy barrier to rotation about the
C—C single bond in ethane. However, this energy
barrier is not large enough to prevent rotation. Even
at room temperature, the collisions of the
molecules supply sufficient kinetic energy to over-
come this energy barrier. Thus, the two conforma-
tions are readily interconvertible. As a result, it is not
possible to separate the two conformations of ethane.
However, at any given moment, most of the ethane
molecules would exist in the staggered conformation
due to its minimum energy and mavimum stability,

15.52. Factors affecting stability of confor.
mations

The relative stability of different conforma-
tions of a molecule depend upon the following
three factors :

1. Angle sirain 2. Torsional strain 3. Non-
bonded interactions.

1. Angle strain. Every atom tends to have
bond angles that match those of its bonding orbi-
tals. For example, a sp*-carbon has tetrahedral
bond angles of 109°-28'. Any deviation from the
normal bond angles introduces angle strain in the
molecule. For example, in eyclopropane, the carb-
on atoms are sp*-hybridized and thus should have
bond angles of 109°-28'. But the actual < CCC
bond angles are only 60°. Hence, cyclopropane
molecule has considerable angle strain.

2. Torsional strain. Any pair of tetrahedral car-
bons attached to each other tend to have staggered
bonds, i.e., any ethane like portion of a molecule tends
to have ethane like staggered conformation. Any

ANGLE OF ROTATION ——————»

interactions between them are called
non-honded Interacttons. These in-
teractions may be either attractive or
repulsive. These are generally of the
following two types :

(i) Steric strain. If the two non-bonded atoms
(or groups) just touch each other, ie. are held
together at a distance just equal to sum of their van
der Waals radii, they attract each other. Conversely,
if the two non-bonded atoms or groups are browught
closer than the sum of their van der Waals radii, they
repel each other. Such repulsive interaction is called
van der Walls strain or sterie strain. For example,
gauche conformation of n-butane (refer to Fig.
15.13), is less stable than anti-conformation due (o
steric strain or van der Waals strain because both
these conformations are free of torsional strain and
angle strain.

(i) Dipole-dipole interactions. It is
reasonable to visualise that non-bonded atoms {or
groups) tend to take positions which have most
favourable dipole-dipole interactions. In other
words, they tend to take up positions which mini-
mize dipole-dipole repulsions or maximize dipole-
dipole attractions.

Hydrogen bonding is a special kind of dipole-
dipole interactions. To illustrate the effect of H-
bonding on the relative stability of conformations,
consider the anti- and gauche conformations of
ethylene glycol as shown below :

H
OH Gzt
H H H '
O\H
H H H H
OH H
Anti Gauche conformation is

conformation stabilized by H-bonding
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Gauche conformation of ethylene glycol is
stabilized by H-bonding but there are no such at-
tractive interactions in the anti-conformation.
Therefore, gauche conformation of ethylene glycol is
more stable than the anti-conformation.

15.5.3. Conformations of Propane

Propane contains three carbon atoms linked
to one another by single bonds. In order to study
the conformations of propane, let us consider it a
derivative of cthane in which one hydrogen atom is
replaced by a methyl group as shown below :

H H

|
CH,-*C-'C-H

e |

H H

If one of these carbon atoms {say C,) is fixed
and the other is rotated around the C; — C; bond
through an angle of 360°, an infinite aumber of
conformations are theoretically possible, Out of
these only two extreme conformations, i.e., stag-
gered and eclipsed are important. Their Newmann
projections are shown in Fig. 15.10.

CHy
H 1 H
H H
H
STAGGERED ECLIPSED
CHy
H
1
H
H H H

SKEW

FIGURE 15.10. Newman projection formulae for
staggered, eclipsed and skew conformations of propane.

Like ethane, the staggered conformation of
propane is more stable than the eclipsed conforma-
tion. The energy difference between these two con-
formations being 14:-2 kJ mol™! which is only
slightly more than in ethane (12-55 kJ mol ™).

1
*Dihedral angle is the ange between the two planes defined by CHy —Cy — Cy and Cy —Cy—CHj,

Even then this energy barrier to rotation
about C— C bond is so small that it cannot prevent
rotation. As a result, the two conformations are
readily interconvertible and thus it is not possible to
separate these two conformations.

Just like in ethane, the two conformations of
propane can be interconverted by rotation through
an angle of 60°.

15.5.4. Conformations of n-Butane

In order to examine the conformations of n-
butane, it is considered as a derivative of ethane in
which one hydrogen atom of each carbon is
replaced by a methyl group. Thus butane is con-
sidered as dimethylethane as shown below :

H H
1 lingeecil 2
CH,— 2C—3C—CH,
—
H H

Thus, each of the two central carbon atoms
(C, and C,) in n-butane is linked to one methyl

group and two hydrogen atoms. If now one of these
carbon atoms (say C, or C,) is fixed and the other

is rotated around the central (C, — C;) bond

through an angle of 360°, an infinite number of
conformations are theoretically possible. Out of
these, only six conformations are important. Their
Newmann projections are given in Fig. 15.11.

In conformation (I), the methyl group and the
two hydrogen atoms on C, are exactly behind

respectively the methyl group and the two hydrogen
atoms on C,. This is called the fully eclipsed confor-

mation ; the dihedral angle* for this conformation
is 0°.

When conformation (1) is rotated through 60°,
the gauche (or skew or syn) conformation (II)
results. Rotation through another 60° produces
eclipsed conformation (1IT) which is different from
the fully eclipsed conformation (T). Further rota-
tion through 60° gives rise to the completely or fully
staggered conformation (IV). This is called anti (or
frans) conformation.

Further rotation through 60° gives another
eclipsed conformation (V) which is similar to con-
formation (T11). Still further rotation by 60° gives
another gauche conformation (VI) similar to IL
Finally, if we rotate conformation {VI) by 60°, we

4
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6H3 CH, CH, Thl._ls f_rom. the
I cH above discussion, it fol-
;S M
H CH4 / lows that n-butane has
60° 60° four distinet conforma-
ROTATION ROTATION tions, i.e., anti-conforma-
H ot - 8 H tion  (IV), pgauche
& X -+ \]-/ 4, i (120%) CHI' conformations (Il and
H ECLIPSED V), eclipsed conforma-
1(0°, 360°) 11{60°) * tions (ITI and V) and fully
FULLY ECLIPSED GAUCHE S aTion  eclipsed  conformation
(I). There relative poten-
Hs Hy CHy tial energies are shown in
H Fig. 15.12.

CHs H H o e
g00 &00 Relative Stabilities
oTATIoN *ROTATION of the conformations of

CHy n-butane,

H H H \\H H H H Out of the four dis-
H éHa tinct conformations
VI{300°) V(2407) IV(180°) listed above, anti-confor-
GAUCHE ECLIPSED ANTI mation (I'V) is the most

FIGURE 15.11. Newman projections for staggered
and eclipsed conformations of n-butane.

return to the fully eclipsed conformation (I) com-
pleting a rotation of 360° around the C, — C; bond,

stable since in this con-
formations the two non-
bonded methyl groups
(dihedral angle 180°) and

four non-bonded hydrogen atoms are as far apart
as possible. The next in order of higher energy come

1L 18-4-
T 184 |1 255
st IS
% v
E 142 4
2 kJmort
=
=
&)
[* 4
w
=z
w
2 14:2 kd molt 142 kJ mol-1
(==
& Vi
§ 335 -
kJ mat-!
I 335 kJ mol-?
DR AR W s MO e Gl ) 10 20 S0 s, i
CHy CH, CHy
: H FhHs
H H. H
] HH Hy HH A HH
FULLY CHy FULLY
ECLIPSED GAUCHE ECLIPSED ANTI ECLIPSED GAUCHE ECLIPSED
1 1 1 i 1 i |
o° 807 120° 180° 2400 3007 3s0°

ANGLE OF ROTATION ———— .

FIGURE 15.12. Changes in potential energy during rotation about CoCq bm.1d in n-butane,
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the two gauche conformations (1T and IV) in which
the two non-bonded methyl groups are only 60°
apart and hence cause crowing or steric strain (Fig.
15.13). As a result of this steric strain, the two gauche
conformations (Il and V1) are slightly less stable than
the anti-conformation (IV). However, the two gauche
conformations are themselves of equal energy.

-

'f

FIGURE 15.13. The two rﬁethyl groups In gauche
conformations of n-butane being
60° parl cause steric straln.

Experimentally, it has been found that the
gauche conformations are about 3-35 kJ mol ! less
stabe than the anti conformation.

Next in order of higher energy fall the two
partially eclipsed conformations (11 and V). In
these conformations, there are two methyl-
hydrogen eclipsing interactions and one hydrogen-
hydrogen eclipsing interaction. Since each
methyl-hydrogen eclipsing interaction intro-
duces an energy of 5-85 ki mol™' and each
hydrogen-hydrogen eclipsing interaction, intro-
duces an energy of 3-35 ki mol ™', therefore, par-
tially eclipsed conformations of n-butane arc less
stable than anti and gauche conformations. How-
ever, the two partially eclipsed conformations are
themselves of equal energy.

Experimentally, it has found that partially
eclipsed conformation (III or V) is less stable than
gauche conformation (II or VI) by about 10-85 kJ
mol~Y and than anti-conformation (IV) by about
14-2kimol™ 1.

The fully eclipsed conformation (1) is, how-
ever, the least stable. This is due to the reason that
in this conformation, there is one severe methyl-
methyl eclipsing interaction and two weak
hydrogen-hydrogen eclipsing interactions. Exper-
mentally, it has been found that fully eclipsed con-
formation is about 18-4—25-5 kI mol ™~ less stable
than the most stable anti conformation. Thus, the

relative energies of the four distinct conformations
of n-butane follows the order ;

Anti > Gauche or Skew > Partially eclipsed
> Fully eclipsed

Since the energy difference between these
conformations is very small and can be easily sup-
plied by the collisions of the molecules at room
temperature, therefore, these four conformations of
n-butane like those of ethane are readily intercon-
vertible and hence cannot be isolated. Further since
the energy difference between anti and gauche con-
formations in much smaller (i.e. 3-35 kJ mol™")
than between anti—partially eclipsed (14-2 ki
mol 1), gauche — partially eclipsed 10-85 kJ mol™")
anti-fully eclipsed (184 kI mol™!') and gauche—
fully eclipsed (15-05 kJ mol~") conformations,
therefore, most of the molecules at room tempera-
tire exist in the more stable anti and gauche confor-
mations while the contributions of the high energy
partially eclipsed and fully eclipsed conformations to
the equilibrium mixture is almost negligible. Ex-
perimentally, it has been found that at room
temperature, 2/3 of the molecules of n-butane exist
in the more stable anti-conformation while 1/3 of the
molecules exist in the little less stable gauche confor-
mation with negligible or no contributions from
partially and fully eclipsed conformations. Such
staggered conformations (gauche and anti) which
have minimum or near minimum energy are often
referred to as conformational isomers or simply
conformers.

15.6. Cycloalkanes s nuammsmmes

Cyclic saturated hydrocarbons are called
cycloalkanes or cycloparaffins. Their general for-
mula is C,H,, (if monocyclic) or C,Hy,_ Gf
bicyclic) and so on. Here n = 3,4,5,..etc.since a
ring less than three carbon atoms is not possible.

The general formula of cycloalkanes, ie.,
C,H,, may be rewritten as (CH,),. Since in these

compounds, a number of methylene {CH,) units

are joined together to form a ring, they are also
called polymethylenes. The name of any
cycloalkane is then obtained by adding the prefix,
tri-, tetra-, penta- , hexa- etc. to the word methylene
according as the number of carbon atoms in the ring
are three, four, five, six ete. respectively.

For detailed discussion on the TUPAC names
of substituted cycloalkanes refer to sec 14.11.5 on
pages.....
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15.6.1. Conformations in Cycloalkanes

Like alkanes, cycloalkanes also show confor-
mational  isomerism.  Cyclopropane  and
cyclobutane are planar molecules with bond angles
of 60° and 90° respectively. But the normal
tetrahedral angle in saturated compounds of carb-
on is 109°—28'. Thus, the bond angles in
cyclopropane and cyclobutane are quite different
from normal tetrahedral angles. This deviation
from normal tetrahedral angle introduces consid-
erable angle strain in the molecules of these
cycloalkanes. Further, greater the deviation, more
strained is the molecule and hence more reactive is
the compound. For example, cyclopropane with a
bond angle of 60° is very strained and hence very
reactive.

S

CYGLOPROPANE CYCLOBUTANE CYCLOPENTANE

Cyclobutane with a bond angle of 90° is less
strained and hence less reactive than cyclopropane.
In cyclopentane, the bond angle is 108° (that of a
regular pentagon) which is very close to the
tetrahedral angle of 109°—28’. As a result, it has

H
(c) SAWHOSE PROJECTION

very little strain and hence is much less reactive than
cyclopropane and cyclobutane. Further, cyclopen-
tane has been shown to have a non-planar confor-
mation, although for all practical purposes, it is
considered to be planar. On the other hand,
cyclohexane has non-planar conformations. This al-
lows all the carbon — carbon bonds in cyclohexane
to have tetrahedral bond angles. As a result,
cyclohexane is free from angle strain and hence is
quite stable and unreactive.

Cyclohexane exists in two non-planar or puck-
ered conformations called the chair and the boat
conformations (Fig. 15.14). The names chair and
boat are used for these conformations because of
their resemblance to alawn chair and aboat respec-
tively. |

Although the cyclohexane ring as a whole is
puckered (i.e. non-planar), the four carbon atoms,
ke, C, Gy, Cyand Cglie in the general plane of the
molccule. As such we may consider the molecular
axis to pass through the centre of the molecule and
perpendicular to this general plane. It can be seen
from Fig. 15.14 that each carbon in the chair form
of cyclohexane has two C—H bonds, one parallel
to the molecular axis called the axial hydrogen and
the other more or less in the plane of the ring called
the equatorial hydrogen. Thus, in all, chair form of
cyclohexane has six avial and six equatorial
hydrogens.

(d) NEWMANN PROJECTION

FIGURE. 15.14. Sawhorse and Newmann Projections of chair
and Boat Conformations of Cyclohexane,
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Relative stabilities of chair and both confor-
mations of cyclohexane. Although both chair and
boat conformations of cyclohexane have no angle
strain, yet chair conformation of cyclohexane is
more stable than the boat conformation because of
the following two reasons.

() In chair conformation, the adjacent
hydrogens on C,—C,, G,—G;, G-,y Cy—Cs
and C; — C, are all in the more stable staggered

orientations (Newmann projection b’). As aresult,
the force of repulsion between these non-bonded
H-atoms is minimum. On the other hand, in boat
conformation, the adjacent hydrogens on G, — G,

and Cy — Cg are in the less stable eclipsed orienta-

tions (Newmann Projection ‘d’). As a result, boat
conformation has considerable torsional strain and
hence is less stable than the chair conformation.

(i) The two hydrogen atoms (marked as Hy)
called the flagpole hydrogens on C and C, in the

..... TR s
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boat conformation are quite close (1-83 A or 183
pm) as compared to 2-29 A or 229 pm in the
staggered arrangement. As a result, boat confor-
mation has also considerable van der walls or steric
strain. Thus boat conformation is less stable than
chair conformation due to torsional strain as well
as steric strain. Conversely chair form is free from
torsional strain and steric strain and hence is more
stable than the boat form. It is because of this reason
that 99% of cyclohexane molecules exist in the
more stable chair form at room temperature.

The energy difference between the chair and
the boat forms has been found out to be 29-7 ki
mol™", This difference in energy is so small that
even at room temperature, the collisions of
molecules supply sufficient energy to overcome this
energy barrier. As a result, the wo conformations
are readily interconvertible and is thus not possible to
isolate each conformation. At the same time, this
energy barrier is large enough for each conformation

to retain its identity.

Conformations of cyclohexane. Besides chair and boat, two other imporlant conformations of cyclohexane

are : half-chair and twist boat.

Half chair

Twist-boat

Out of alt these four conformations, the chair conformation is the most stable while half-chair conformation
being the least stable ; the energy difference between the two being 46-0 kJ mol~L. Qut of the two boat
conformations, the twist-boat conformation is about 23.0 kJ mol ™! less stable than the chair conformation

but is about 6-7 kJ mol ™! more stable than boat conformation. Thus the relative stability and energy of these
four conformations of cyclohexane follows the order : ;

Stability : Chair > Twist-boat
Relative energy : 0.0kl mol~l < 2301 mol ™!
 PART—II

ALKENES

e e e s SRR

Acyclic unsaturated hydrocarbons containing a
carbon-carbon double bond are called alkenes. They
are also called olefins (Greek : olefiant = oil form-
ing) since the lower members of this class such as

> Boat >
< 29 7kJmol™! <

Half chair
46-0 kI mol ™!

e O R R £

ethene (ethylene), propene (propylenc) etc.
produce oily products on reaction with halogens
such as chlorine and bromine. Their general for-
mula is C H,, wheren = 2, 3,4..etc.

The first member of the alkene family is
ethene, C;H,, which contains 5o-bonds and one -

bond. The bond enthaly of C = C s 610 kJ mol™'
while C—C bond enthalpy of ethane is 370 kJ
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mol ™. As a result, C = C bond length in ethene
(134 pm) is shorter than C—C bond length in
ethane (154 pm).

15.7.1, Nomenclature of Alkenes

The nomenclature of alkenes has already
been discussed in unit 14, However, for the purpose
of recaptulation, the [UPAC names of same alkenes
are given below :

CH, CH,
i
CH,-C = C—CH,

4 3 gl
2, 3—Dimethylbut~2—ene

21 =]
CH,CH,
!
GHYEELCH = € —icH,
6 5] 4 8)
3--Methylhex—3—ene

CH,CH, CH,
iin e | bk Sl
CH,;CH,-C = C-CH,CH,
3 4

3-Ethyl-4—methylhex—3—ene

CH, CH,

1 | 3 | 5
CH;—-2C— ~ —CH—*CH—CH,
[ Sraa:b
CHy e —cn, b

2 :
! "CH,4 !
RS R d

2,2, 4~Trimethyl~3—(1—methylethyl) pentane

15.72. Geometrical isomerism — Hindered
rotation around carbon-carbon double bond

We know that a double bond consists of a
o-bond and a x-bond. The 7-bond is formed by
sideways overlapping of unhybridized p-orbitals of
two carbon atoms above and below the plane of
carbon atoms. If now one of the carbon atoms of
the double bond is rotated with respect to the
other, the p-orbitals will no longer overlap and the
7-bond should break (Fig. 15.15). But the breaking
of a-bond requires 251 kJ mol ™! of energy which

Rotate
through 90°

ey Overlap of p-orbitals
not possible because
they are perpendicular
to each other.

FIGURE 15.15. Rotation about a carbon-carbon
double bond.

is not provided by the collisions of the molecules at
room temperature. Consequently, the rotation
about a carbon-carbon double bond is not free but
is strongly hindered or restricted. Tn other words, a
7-bond prevents free rotation of the carbon atoms
of the double bond with respect to each other. Due
to this hindered rotation, the relative positions of
atoms or groups attached to the carbon atoms of
the double bond get fixed. For example, H, and

H, in Fig. 15.16 cannot exchange their positions by

oo et

Ha\ﬂ*__.i'*c
amnenl

FIGURE 15.16. Restricted rotation
about carhon-carbon double bond.

rotation of C; with respect to C, without breaking
the z-bond.

As a result, many substituted alkenes can exist
in (wo distinct isomers which differ from each
other only in the relative positions of atoms or
groups in space around the double bond. For ex-
ample, but-2-ene can exist in the {ollowing two
Forms (T and II) :

LH3\ -
C=C
51 e
I
cis—But—2—ene

CH

frans—-But~2—ene
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Both these isomers have the same structural
formulae but differ in the relative spatial arr: nge-
ment of hydrogen atoms and methyl groups around
the double bond.

Such isomers which have the same structural
formulae but differ in the relative spatial arran-
gement of aloms or groups around the double
‘bond are called geometrical isomers and the
phenomenon is culled geomefrical isomerism.
This, geometrical isomerism is a type of space or
stereoisomerism. .

The isomer I, in which the similar atoms or
groups lie on the same side of the double bond is
calied the cis-isomer whereas the isomer Il in
which the similar atoms or groups lie on the op-
posite sides of the double bond is called the trans-
isomer. It is because of this reason that geometrical
isomcrism is also called cis-trans isomerism.

E, Z Nomenclature

If three or all the four atoms or groups at-
tached to the carbon atoms of the double bond are
different, cis-trans nomenclature cannot be used.
Therefore, E, Z nomenclature has been introduced
to name all types of geometrical isomers. Accord-
ing to this nomenclature, if the atoms or groups of
highest priority are on the same side of the double
bond, the isomer is designated as Z (Zusammen in
German means together) and if the two atoms or
groups of highest priority are on the opposite sides,
the isomer is designated as E (Entegegan in German
means opposite).

In this system of nomenclature, each of the
two atoms or groups on each carbon atom of the
double bond are assigned priority number (1) and
(2) on the basis of the following sequence rules
given by Cahn, Ingold and Prelog.

Rule 1. The atom of higher atomic number gets
higher priority. If the two aloms attached to the
double bond are isotopes, the isotope of higher mass
number gets the higher priority. For example, in 1-
bromo-2-chloro-2-fluoro-1-iodoethene, C, has two
atoms viz. Br and 1. Since 1 (Z = 53) has higher
atomic number than Br (Z = 35), therefore, 1 is
assigned priority (1) while Br is assigned priority
(2). Similarly, Clis assigned priority (1) while F is
assigned priority (2).

T 1 2
Seail
= cl
o) 1)

Rule 2. If two atoms directly attached to the
double bond have the same atomic number, then
the relative priority of the groups is determined by
a similar comparison of the atomic numbers of the
next elements in the groups (and so on, if necessary,
working outwards till the first point of difference is

reached). For example, in the following com-
pound,

) ®
CH, CH,CI
@
CH,CH, ~~ “~CH,0H
m @

one of the carbon atoms of the double bond carries
CH, and CH;CH, groups. Since the first atom (i.e.,
C) attached to the carbon atom of the double bond
is the same in CH4 and CH5CH, groups, compare
the atomic number of the atoms attached to each
of these first atoms. In CH,, these atoms are H.H,
H while in CH;CH, these are C, H, H. Since C has
higher priority over H, therefore, CH,CH, group
is assigned priority (1) while CH, group is assigned
priority (2).

The second carbon atom of the double bond
carries groups CH,Cl and CH,OH. Since the first

atom in these two groups is the same (ie., c),
therefore, compare the atomic numbers of the
atoms attached to each of these first atoms. In
CH,Cl, these atoms are Cl, H, H while in CH,OH,
ihese atoms are O, H, H. Since Cl (Z = 17) has
higher priority over O (Z = 8), therefore, CH,Cl
is assigned priority (1) while CH,OH is assigned

priority (2).

Rule 3. Double bonds and triple bonds are
treated as if they have duplicate or triplicate single
bonds. For example,

—CH = CH- istreated as —CH—-CH—

—
(C T o
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and > C = Oistreated as >C—-0

|

0 C
|
H C H
@ is treated as \C -~ | \C<
&= @& |
@ &
P N3
Thus, CiHsg is assigned priority and

© G
g
—C=C—-istreatedas —C—-C—
k)
(gl

For example, consider the following com-
pound.

3 \C N - CHO
CeH; “CH,0H

m €

One of the carbon atoms of the double bond
carries CH, and CgH, groups. Since in C.H, group,
the first carbon s attached to two other carbons one
by a double bond and the other by a single bond,
therefore, C, C, CH of phenyl gets higher priority
over H, H, H of CH;. Thus, C¢H; is assigned
priority (1) and CH, is assigned priority (2). The
other carbon atom of the double bond carrics
CH,0H and CHO groups. Since in CH = O, Cis
altached to O by a double bond while in CH,OH,

Cis attached to O by a single bond. Therefore, O,
O, H of CHO gets higher priority over O, H, H of
CH,OH group. Thus CHO is assigned priority (1)
and CH,OH is assigned priority (2).

On the basis of relative priorities, E and Z
designations are assigned as discussed above. For
illustration consider the following examples :

(H (1) n 2)
CHL_| Inrcien, g
c=cC C=C
H- N oH “SCH,

) (2) &) (1)
(£)~But-2—cne {(E)—But—2-enc

@ @)
CH, __CH,CH,
C=C
€] e TSBr
m n
(Z)—isomer

ie. (Z)~2—Chloro~3—bromopent—2—ene

0] )
CH,OH

H-~ “SCHO
@ H
(E)—isomer
i.e. (Ej—2—Hydroxymethylbut—2~en—1-al
Necessary and sufficient conditlon for
geometrical isomerism. It may be mentioned here
that all compounds containing carbon-carbon
double bonds do not show geometrical isomerism.
The necessary condition for a molecule to exhibit
geometrical isomerism are
(f) the molecule must contain a double bond
(i) each of the two carbon atoms of the double
bond must have different substituents which may be
same or different, Thus alkenes of the type

abC=Cab and abC=Cde show geometrical
isomerism.
a\c=c/a a\c=c/b
b—" el B .y
cis-isomer Zans—isomer
a\c_c/d a\c_c/e
b e Wos ity
(Z)-isomer (E)-isomer
(If groups ‘a’ and ‘4 have (If groups ‘a’ and 'd’ have
higher priovity) higher priority)

However, geometrical isomers are not pos-
sible if one or both the doubly bonded carbon atoms
carry two similar substituents. This is because in
such cases, the two possible contigurations are, in
fact, identical as shown below :

a _—d a e
c=c = T G=eun
a~" \e a 7, \d

It is because of this reason that terminal
alkenes such as propene, but-1-ene, 2-methylprop-
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l-ene etc. and alkenes carrying identical sub-
stituents on one of the doubly bonded carbon atoms
such as 2-methylbut-2-ene and 2, 3-dimethylbut-2-
ene etc. do not show geometrical isomerism.

CH3\ H
c= C/
e ™~ H
Propene
CHJCHZ\ /H
ch=r(e
e “~H
But—-1-ene
CH, ~ - H

c=¢
el =y

2-Methytprop—i—ene

CH; «_ _CH,
c=cC
cHy” “SCH,

2, 3Dimethylbut—-2—ene

Geornetrical isomers have the same molecular
strecture but differ only in the relative positions of
atoms or groups in spuace, therefore, they are
stereoisomers. These stereoisomers are not optical
isomers since their molecules are not chiral.

NAMPLE 15.3. Which of the following com-
pounds will show cis- trans isomerism ?

(i) (H;C),C = CH—CH,

(i) H,C = CCl,

(iii) CgflsCH = CHCH,

(iv) H,C—CH = CBr{CH;)  (N.CE.R.T)

Solution. Alkenes (i) and (if) have identical
atoms or groups on one of the carbon atoms of the
double bond and hence do not show geometrical
isomerism. In contrast, alkenes (i) and (iv) have
different atoms or groups on each carbon atom of
the double bond and hence exhibit geometrical
isomerism.

EXAMUPLE 15.4. Classify the following us E or
Z isomers !

(_) H,C e /CH,CH,
1 =
H' CH;

HyCe- _CH,
(i) C=C
HC ~H
H _-Br
(i) C=C__
< g H
s H
(iv) e
F Ry (N.CE.R.T)

Solution. (i) Z (ii) Z (iii) E (iv) E.
15.7.3. Stability of Alkenes

Alkenes add on hydrogen, in presence of fine-
by divided metals such as platinum, palladium or
Raney nickel to form alkanes.

Pt or Pd or Ni
WO =CigtH, ———
Alkene A
Fa
—C—C- + Heat
I
H H
Alkane

This reaction is called hydregenation. [t is an
exothermic reaction and the amount of heat evolved
when one mole of an alkene is hydrogenatedis called
its heat of hydrogenation.

The heat of hydrogenation of some alkenes is
given in Table 15.2.

TABLE 15.2. Heats of hydrogenation
of some alkenes

ey

Alkene Heat of Alkene Heat of
hydrogena- hydrogena-
tion (in kJ tion (in ki

mol™ ) ‘mol™h)
| Ethene 137.2 | 2-Methyl- | 1188
prop-l-ene
Propene 125-9 2-Melthyl- 1192
but-1-ene
\Bul-1-ene 126-7 2-Methyl- 112-5
but-2-¢€ne
cis-But-2-ene 1196 3-Methyl- 126-7
| but-l1-ene
frans-But- 115-5 2,3- 112-2
2-ene Dimethyl
but-2-ene
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But-I-ene, cis-bul-2-ene and trans-but-2-

ene all on hydrogenation give the same alkane,

i.e, n-butane but evolve different hecats of
hydrogenation. This means that these alkenes

must have different inherent cnergies and hence

different stabilities. An alkene which has a lower

. heat of hydrogenation must have less inherent
energy and hence will be more stable than its
isomers which have higher heats of hydrogena-
tion. Thus, heat of hydropenation of an alkene is
the index of its stability. The lower the heat of
hydrogenation of an alkene more stable it is. The
following conclusions can be drawn from Table

15.2 given above.

(1) Arn unsubstituted alkene such as ethene has

the highest heat of hydrogenation.

(if) Greater the number of alky! groups artached
to the doubly bonded carbon atoms, more stable is
the alkene. In general, alkenes have the following

decreasing order of stability* ;

,:

s o ol B

(Ea=(G > =

> RCH = CH, > CH, = CIi,

(i) Out of geometric isomers, the trans-isomer
is slightly more stable than the corresponding cis-

isomer.

Explanation for relative stabilities
alkenes. The relutive stabilities of different
alkenes can be explained on the basis of concept
of hyperconjugation as discussed in unit 14. Con-
sider, for example, the following alkenes :

(44 o
hly gl 3 GH,
C=cC
CH,”~ B

a 41

2, 3—Dimethylbut—2—ene 1)
X (Twelve a~H ; AHZ =—112:2 K mol™ }

(74

CH3 \ x
> C=CH-CH;

CH,

o

2—Methylbut—2-ene (I[)

(Nine a—11 ; AH2 = - [12-5kimol Y

R,C = CR, > R,C = CHR > R, = CIl,,

74

C=C
a

frans—But—2—ene (111)
(Sixo—H, &y = 1155 KI mol ™Y

cis—But—2—ene (V)
(Sixa—H. Ay = — 119-6 kI mol
2

[£4
CH,—CH = CH,

Propene (V)
(Three a—H ; AHZ =—125-8k] molH!)

CH, = CH,
Ethene (V1)
(Noa—C, Noa—~H; A”z = —137-2 kJmul_l)

Alkenes 1, IL, IIT (or I'V) have twelve, nine,
stx, three and none a-hydrogens respectively and
hence equal number of hyperconjugation struc-
tures can be written for each one of them. Since
greater the number of hyperconjugation struc-
tures, more stable is the alkene, therefore, rela-
tive stability of these alkenes follows the
sequence :

I>0>1III >1V >V > VL

Since frans-but-2-ene (III) is more stable
than the cis-but-2-ene (IV) in which the two
methyl groups lie on the same side of the double
bond and hence cause steric hendrance, there-
fore, heat of hydrogenation of 11 is less than that
of IV

15.7.4. General Methods of Preparation

Alkenes can be prepared in the laboratory by
the following general methods of preparation.

\WeFrom alkyl halides or haloalkanes, Alkyl
halides on heating with a strong base such as
sodium ethoxide or a concentrated alcoholic solu-
tion of potassium  hydroxide undergo
dehydrohalogenation to give alkenes.

*This order is given in Organic Chemistry by T.W.G. Solomons and C Fryhle but in Orga.mic Chemistry by R_T._Morgo;

and R.N. Bayd no distinction has been made on the relative stability of R,C = CH, and RCH = CHR.
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H
s, KOH (afc)
bo- ol T T ses el KX
| | A Alkene
X
Alkyl halide
(X=Cl,Brorl)
B a 353-363K
e.g, CH,CH,—1 + KOH(dlc.)
Iodoethane
(Ethyl iodide)
CH,=CH, +KI+ H)0O
Ethene
(Eshylene)
B @« 353-363 K

CH,CH,CH, — Br + KOH (alc) ——

1-Bromopropane
(r—Propyl bormide)

CH,CH=CH, + KBr + H;0

Propene
(Propylene)

This pracess of removal of @ molecule of a halogen
acid (HCL, HBr or HI) from u haloalkane to form
an alkene is called dehydrohalogenation,

Dehydrohalogenation is an example of an
elimination reaction. Since in this reaction, a
hydrogen is removed from a 8- carbon and halogen
from the @-carbon, therefore, it is called S-elimina-
tion reaction.

The case of dehydrohalogenation for dif-
ferent alkyl halides having the same alkyl groups
but different halogens is iodides > bromides >
chlorides while for different alkyl halides having the
same halogen but different alkyl groups is tertiary
> secondary > primary. Thus, a tertiary alkyl
iodide is most reactive.

Saytzeff rule. Depending upon the structure
alkyl halides may give one or mor¢ isomeric
alkenes. For example, dehydrohalogenation of 1-
chlorobutane gives only one alkene, i.e., but-2-ene
since only one type of 8-hydrogen is available on the
left side of the molecule.

B a A
CH,CH,—CH-CH, +KOH (alc.) —
I |
H @)
1-Chlorobutane
CH,CH,CH=CH,+KCl + H,0
But-1-ene

If, however, the structure of the alkyl halide is
such that it has a S-hydrogen on either side of the
carbon atom carrying the halogen, it can undergo
elimination in two different ways giving two
alkenes, The relative amounts of these two alkenes
is governed by Saytzeff rule. According to this rule,
whenever two alkenes are theoretically possible
during a dehydrohalogenation reaction, it is always
the more highly substituted alkene (i.e.) having lesser
number of hydrogen atoms on the double bond)
which predominates. For example,

Br

|
CH,—CH,—CH-CH,
2-Bromobutane

KOH (ale.), A

! 1
CH,-CH = CH-CH, CHJ—CHZ—CH = CH,
But-2—ene (80%) But-1-enc (20%)

(More highly substinued (Less highly subsdnited
allene ; more stable) alkene ; less stable)
From vicinal dihalides or 1, 2-

dihaloalkanes. Dihalogen derivatives of alkanes in
which the two halogen atoms are present on ad-
jacent carbon atoms are called vicinal or 1, 2-
dihaloalkanes. Alkenes can be prepared by heating
a suitable vic. or 1, 2 dihaloalkane with zinc dust in
methanol or ethanol. For example,

CH,—Br CH,0H CH,
| +Zn—— || + ZnBr,
CH,—Br CH,
1, 2,-Dibromoethane Ethene
(Ethylene dibromdie) (Ethylene)
CH,0H
CH,~CH — CH,+Zn — CH;—CH=CH,
£ Propene
Br Br (Propylene)
1, 2-Dibromopropanc
(Propylene w?;onﬁ) . + ZnBr,
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This process of removal of a molecule of halogen
(Cl; , Bryor I) from a dihaloalkane to form an

alkene is called dehalogenation :

Even 1, 1-dihaloalkanes or gem-dihalides also
undergo dehalogenation when heated with zinc
dust in methanol.

Br
| CH,0H
CH,—CH-Br + Zn ——
A

1, 1-Dibromoethane
(Ethylidene ditromide)

CH,=CH, +ZnBr,
Elhene

ADD TO YOUR KNOWLEDGE |~

a, w-Dihaloalkanes (i.¢. alkanes having halogen atoms on terminal carbon atoms) on heating with active metals
such as zinc or sodium undergo ring closure 1o form cycloalkanes, For example,

CH,—Br CH
A 2
cu, 7 S e + ZnBr,
“SCH,—Br ~=ien
1, 3—Dibromopropane Cyclopropane

This reaction is caled Freund’s method and gives good yields only for cyclopropane.

B T G RN e o e Y e

. o] \élliii'om monohydric alcohels or alkanols
Monohydric alcohols or alkanols containing a

B-hydrogen on heating with a mineral acid such as

cone, H,8Q, or H,PO, or on passing their vapours

over heated alumina at 623 —633 K eliminate a
molecule of water to form alkenes.

H
L Conc. H,50, or ALO,
~fc_gti >C=C{+H,0
| I A Alkene
H OH
Alkanol
For example,
ALO,
CH,CH,0H —— TH,=CH, + H,0
Ethanol 623—-633K Ethene
(Ethyl alcohol) (Erhylene)
95% H,50,
CH,CH,OH CH, = CH, + H,0
Ethanol 440K Ethene
(I° Alocohal)
OH
| 60% H,50,
CH,—CH—CH,
Propan—2—cl 33K
(2° Alcohol) CH;—CH = CH, + H,0
OH
H,PO, A
————— + H,O
Cyclohexanol Cyclohexene

i R e

CH, CH,
| 30% H,S0,

CH,—C—-OH CH, - C=CH,+H,0
l 63K 2—Methylpropene
CH,

2—Methytpropan—2-o0l

(F° Alcohol)

It is evident from the above reacfions, that the
order of dehydration of different alcohols is : 3° >
D S

Like alkyl halides, dehydration of alcohols
also follows Saytzeff rule.

For example,

OH
|
CH,—-CH,—-CH-CH,
Butan—-2-ol
Iconc. H,S0, A

¥ v
CH;~-CH = CH-CH; CH,CH,-CH =CH,
But—2-ene (80%) But—1—ene (20%)
(rmore siable alkene) (less stable alkene)
Mechanism. The dehydration of alcohols
does not occur in just one step but occurs in a series
of steps. A knowledge of the series of steps by which
the reaction occurs is called the mechanism of the
reaction. The dehydration of alcohols occurs by the
following three steps :

Step 1. An alcohol being a Lewis base accepts
a proton from the strong acid to form a molecule of
protonated alcohol.
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e e + /,H

CH,CH,-- O—H+ H —=CH,CH,; - O
- e ‘\\ H
Ethanol

This step is fast and hence does not affect the
rate of the reaction.

This step is usually reversible.

Step 2. The presence of a positive charge on
the highly electronegative oxygen atom weakens
the C—0O bond and thus it readily eliminates a
molecule of water to form a reactive chemical
specics called carbocation.

Protonated ethanol

i ’ B e H Slow i
CH3CH2 Lo T CH3 —CH, + Hz()
S NS | Ethyl carbocation

This step is slow antd hence is the rate-determin-
ing step of the reaction.

Step 3. The carbocation formed in step 2 im-
mediately loses a proton to form an alkene.

/ < Fast
H-LCH,YCH, — CH,=CH, + H*
Ethene

Laboratory method of preparation. In the
laboratory ethene is prepared by dehydration of
ethyl alcohol with conc. H,SO, at 440 K. For this

purpose, a mixture of ethanol and conc. H,80, in

the ratio of 1: 2 by volume is added from a drop-
ping funnel into a round bottomed flask containing
anhydrous AL(SO,); and sand in which

AL(SO,); catalyses the reaction whereas sand i
used to avoid frothing during the process.

The reaction mixture is heated to 440 K and
ethene thus produced is collected over water as

C5HgOH + CONC. Hp 504(1:2)

MalH SOLUTION

FIGURE 15.17. Laboratory preparation of ethene

shown in Fig. 15.17. Ethene produced by the above
method contains impurities of SO, (formed by the
reduction of H,80,) and CO, (formed by the
oxidation of ethanol). In order to remove these
impurities, impure ethene is passed through a solu-
tion of caustic soda (NaOH) which absorbs CO,
and SQO,.

2 NaOH + CO, —= Na,CO; + H,0
2 NaOH + SO, — N2,50; + H,0

\X "By partial reduction of alkymes. The
catalytic hvdrogenation of alkynes lo alkenes occurs
faster than that of alkenes to alkanes. Therefore, by
using a specific catalyst, it is possible to stop the
reduction at the alkene stage. Further since alkynes
show geometrical isomerism, alkynes can be
reduced to give cis- or trans-alkenes depending
upon the nature of the catalyst used. For example,
catalytic reduction of alkynes in presence of pal-
ladium supported over CaCO, or BaSQ, and par-
tially poisoned by addition of PbCO,, S or quinoline

(Lindlar’s catalyst) predominantly gives cis-
alkenes. However, if alkynes are reduced with
sodium in liquid ammonia (Birch reduction), frans-
alkenes are the major products. Thus,

df CH,—C = C—CH,

But—2—-yne
H,-Pa/CaCO +S | Nasliq NH,
l“_.l'.llr.l'.l',-.'r s catalyst) (Birch reduction) l
CH,4 S /CH] CH, Esi /H
G=iE C=C
gl ~~H R

cis—But—2—ene trans —But=2—ene

\&me sodium or potassium
salts of saturated dicarboxylic
acids (Kolbe's electrolytic reaction)
Electrolysis of sodium or potas-
sium salts of saturated dicarboxylic
acids gives alkenes. For example,

CH,COOK

CH,COOK

Pot succinate Electrolysis ﬁHz
CH,
Ethylenc

+2C0, + H, + 2KOH
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This reaction is call;:d Kolbe’s electrolytic reac-
tion and is believed to occur by the following steps :

CHZCOOK Ionization CHZCOO_
l e
CH,COOK CH,COO™

R0 == 200" +2H"
At anode :
CH,COO~ CH,COO

| o

CH,C0O~ CH,COO

+ 2K*

CH,
=]

CH,

+ 2CQ,

At cathode. Since the discharge potential of
H* ions is lower than that of K* ions, therefore,
H™ ions are preferentially discharged to produce
H, while K™ ions remain in the solution

2H" +2¢”— [2H]— H,
15.7.5. Physical Properties of Alkenes

1. Physical state and smell. The first three
members of the family, i.e., ethene, propene and
butenes are colourless gases ; the next eleven mem-
bers (Cs— C,5) are liquids while the higher ones are

solids. Except ethene which has a pleasant smell, afl
other alkenes are odourless gases.

2. Melting points. The melting points of alkenes
do not show aregular gradation. However, the melting
points of alkenes are higher than those of the cor-
responding alkanes. This is due to the reason that
n-electrons of a double bond are more polarizable
than o-electrons of single bonds. As a result, inter-
molecular forces of attraction are stronger in alkenes
than in alkanes and hence alkenes have higher melting
points than the corresponding alkanes,

Amongst isomeric alkenes, trans-alkenes have
higher melting points than their corresponding cis-
isonters, For example,

CH, \C n C/CHJ CH, \C C/H
i S T
Cun;-.[:liult;:%l_le(nc trans—But—2—ene

(m.p.167-4K)

This is due to the reason that the molecules of
trans-alkene being symmetrical pack more closely in
the crystal lattice than the molecules of cis-alkene
which are less symmetrical. As a result, greater
amount of energy is required to break the crystal
lattice of a trans-alkene than the corresponding cis-
alkene and hence trans-alkenes have higher melting
points than the corresponding cis-isomers,

3. Dipole moments. Symmetrical trans-alkenes
are non-polar and hence have zero dipole moment

since the dipole moments of individual groups
being equal and opposite exactly cancel out each
other. Unsymmetral trans-alkenes, however, have
small but finite dipole moments. The reason being
that although the two dipoles oppose each other yet
they donot exactly cancel out each other since they
are unequal.

e ot kgl (EHEETIL el 2y
C=¢C C=C
H-~  CH, HT constinoing- Gols
rans—But—2—ene trans—Pent—2—ene
=0 e >0)

Both symmetrical and unsymmetrical cis-
alkenes are polar molecules and hence have finite
dipole moments. The reason being that in these
cases, the two dipole moments are inclined to cach
other at an angle of about 60° and hence have a
finite dipole moment. For example,

CH, _-CH;  CHCH,.  _CH,
Ey=nE C=C
cis—But—2—enec cis—Pent—2—cne

=020D) (>0

Similarly, unsymmetrical terminal alkenes
such as propene and but-1-ene have finite dipole
moments since the polarity due to the alkyl group
is not cancelled by corresponding polarity in the
opposite direction. Thus,

Propene But—1—ene
(#=0-35D) (e=0-37D)

4. Boiling points. The boiling points of alkenes,
like alkanes, show a regular gradation with the in-
crease in the number of carbon atoms. Except for the
first few members, the boiling points increase by
about 20°— 3(F for the addition of each carbon. The
branched chain alkenes, however, have lower boiling
points than the corresponding straight chain alkenes.
Amongst the alkenes which show geometrical
1somerism, cis-alkenes have higher boiling points than
the corresponding trans- isomers,

CH, \F C/,CHa CH, B b
.= C=L
H i Ex; H. H 3y \CH5
trany = Rut — 2 - ene g At
(b.p. 277 K) m(hi‘f :27: K‘;‘“’

Thiy is due to the reason that cis-alkenes being
polar have sironger dipole-dipole interactions while
trans-alkenes being non-polar {or weakly polar) have
weak induced dipoie interactions, >
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5. Solubility. Alkenes like alkanes being cither
non-polar or weakly polar molecules are practically
insoluble in water and other polar solvents but are
quitc soluble in non-polar solvents such as benzene,
CCl,, petroleum ether etc. and weakly polar sol-

vents such as ether.

6. Density, The densitics ol ali.2i.2s, like those
of alkanes, increase with the increase in molecular
mass till they have a limiting value of 0-89 g cm™.

Thus, all alkenes are lighter than water.

15.7.6. Why do alkenes undergo Electrophilic
Addition Reactions ?

Alkenes are characterized by the presence of
a double bond which consists of a strong C—C,
o-bond and a weak C— C, 7z-bond. The -electrons
form an electron cloud which lies above and below
the plane of o-bonded carbon atoms. These, -
electrons are, therefore, more exposed and hence
are less tightly held between the two carbon atoms.
Since the electrons are negatively charged par-
ticles, therefore, the m-clectrons attract the
electraphiles and repel nucleophiles. In other words,
alkenes undergo electrophilic reactions. Now, in
principle electrophilic reactions can be of two
types : (i) additien and (ii) substitution.

H
e il
..-""'f H"“'\..H
i ‘ Xry=
! l
X
P B (lz—c/H
T \X o l \H
(Substitusion) X
(Addition)

In electrophilic substitution reactions, one o
C—H bond is broken and a new o-bond between
one of the doubly bonded carbon atoms and the
clectrophile is formed. Since the bond energies of
the o C— H bond broken and the newe C— X bond
formed are not much different, therefore,
clectrophilic substitution reactions are not accom-
panied by large energy changes.

On the other hand, in electrophilic addition
reactions, one weak m-bond (251 kJ mol™') is
broken and two strong g-bonds
(2 % 347 = 694 kJ mol ") arc formed. The overall
reaction is accompanied by a release of about 694
251 = 443 kJ mol~"! of energy. In other words,

*In the m-complex, there is
clectrostatic attraction.

electrophilic addition reactions arc energetically
more favourable than electrophilic substitution
rcactions. Thus, the typical reactions of alkenes are
elecirophilic addition reactions and not the
electrophilic substitution reactions.

15.7.7. Mechanism of Electrophilic Addition
Reactions

Let us illustrate the mechanism of electro-
philic addition reactions by taking the example of
addition of Br, to ethylene. The reaction occurs by
a two-step ionic mechanism as discussed below :

Step 1. Bromine molccule itself is non-polar
but when it comes close to an ethylene molecule,
the 7-electrons of the double bond begin to repel
the electron pair holding the two bromine atoms in
the bromine molecule. As a result, bromine
molecule gets polarized. The positive end of this
bromine dipole behaves as an electrophile and is
attracted by the m-electrons of the cthylene
molecule to form az-complex* which subsequently
gives the carbocation and the bromide ion. This step
is slow and hence is the rate-determine step of the
reaction.

8+ 4~

Br—Br
Polarized bromine

molecule

CH, s+ s- CH; s+ s-
| +Br—Br — -4—— Br—Br
CH, CH,

Ethylene —Complex

Ethylene
Br—Br ——

Slow +
“— CH, — CH, + Br~

Br
Bromocthyl
carbocation

This step can simply be represented as

d+ (}‘ Slow
CH, @Br-—Br —

+
CH, — CH,—Br + Br~

Step 2. The carbocation formed in step 1
being a reactive chemical species immediately un-
dergoes nucleophilic attack by the bmnudc‘ ion
present in the solution forming the addition
product. This step is fast and hence does not affect
the rate of the reaction.

no actual bm;dmg between rﬂc ethylene and the polarized bromine melecule. There is only
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£y Nucleophilic attack Evidence in support of the above mechanism,
Br’ + CH,—CH, If the carbocations are really the intermediates in
I Fast the above mechanism, then they should also react
Br with other nucleophiles when added to the reaction
Br mixture and hence a mixture of products should be
I formed. This has indeed been found to be so. For
CH,—CH, example, when ethylene is bubbled into an aqueous
| solution of bromine containing sodium chloride,
Br besides 1, 2-dibromoethane ; 1-bromo- 2-chloro-
i,2~Dibromoethane  ethane and 2-bromoethanol are also formed.
Br
— Br—CH,—-CH,—Br
1, 2—Dibromoethane
Br, + a”
CH, = CH; — CH,-CH,-Br —+—— CI-CH,-CH,-Br
Ethylene -Br~ 1-Bromo—2—chlorcethane
H,O + =it

b— Br— CH,— CH,—OH,—— Br—CH,— CH,— OH

Limitations. The above mechanism involving
simple carbocation intermediates does not explain
the following two points

(i) Stereochemistry of addition of halogens to
alkenes. It has been observed that halogenation of
alkenes always gives trans-dihalides and not cis-
dihalides whenever the product of halogen addition
is capable of showing sterecisomerism. For ex-
ample, addition of Br, to cyclohexene gives only

trans-1, 2-dibromocyclohexane. If the simple car-
bocations were the intermediates, both cis and
trans-1, 2-dibromocyclohexanes should have been

-,

Cyclohexene

_Br—lﬂrz

H Br Br Br
frans-1, 2- cis-1, 2-
Dibromecyciohexane Dibromocyclohexane

2—Bromoethanol

formed. This is due to the reason that carbocations
are planar chemical species and hence the attack of
the bromide ion on the initially formed carbocation
(I} from either side of the molecule is equally prob-
able, Thus,

(ii) Rearrangements of intermediate car-
bocations are not observed in halogenation of
alkenes. The carbocations formed during the
halogenation of alkenes do not undergo rearrange-
ment. For example, addition of Br, to 3, 3-dimethyl-

1- butene gives only the expected 1, 2-dibromo-3,
3-dimethylbutane and not the rearranged 1, 3-
dibromo-2, 3-dimethylbutane.

CH, CH,
| Br, I
CHy—-C—-CH = CH,— CH,;-C — CH-CH,
| it |
CH, CH;Br Br
3, 3—Dimethyl—1—butene 1, 2—Dibromo—
3, 3—dimethylbutane
CH,

I
andnot CH,-C-CH-CH,

Br CH, Br
1, 3~Ditromo—2, 3—dimethylbutane
Cyclic Halonium ion Mechanism
Since the addition of halogens to alkenes (i)
always gives trans-dihalides and (ii) the rearrange-
ment of intermediate carbocations is not observed, it
was suggested that this reaction, in fact, occurs
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through a cyclic bromonium ion (II) rather than the
simple carbocation (I).
+
CHﬁ CHZ\‘\__‘ +
| /. ey | I
CH,— Br: CHy " "

Cyctic bromonium ion (II)
Carbocation (1}

The nucleophilic attack of Br~ ion on this
cyclic bromonium ion can occur only from the back
side thereby giving trans-dihalides because the attack

from the front side is hindered by the bulky
bromine atom.
Br_/_\CHI" /1 Br—CH,
+ | TR |
CH;’ CH, —Br
Cyclic bromonium trans — Dihalide
ion (IT) (hypotherical)

Like carbocation, this cyclic bromonium ion
is also a very reactive chemical species and hence
is readily attacked by bromide ion (nucleaphile) to
complete the addition. However, unlike simple car-
bocation on which attack of the bromide ion from
either side is equally probable, in cyclic bromonium
ion, the attack of the bromide ion can occur only from
the backside of the bromine atom (forming the
bridpe) since the attack from the front side will be
hindred by this bulky bromine atom. This explains
why the addition of halogens to alkenes gives trans-

dihalides.
- @ = @
e e
—Br- Backside
attack
- H H B H
Cveli trans-1, 2-
Cyciahaxens brorr\:r:?um Dibromocyclohexane

ion

The trans-addition of halogens to alkenes is
{urther supported by the observation that addition
of Br, to stereoisomeric alkenes such as cis- and

trans-but- 2-enes, gives products with different
stereochemistry. For example, addition of Br, to
trans-but-2- ene gives meso-2, 3- dibromobutane
(I1T) while that to cis-but-2- ene gives a racemic
mixture of 2, 3- dibromobutanes (IV and V).

CHy_ S Br,
==(E _—
H- ™~CH,
ans - But—2—ene CH,
H—-"—18r
H—71T—"8r
CH,4

meso—2, 3=Dibromobutane (I11)

G =13 e
e ~pu
cix—=Put—2—ene
CH, CH,
= Br By ——H
ES
Br———H H——1—br
CH, CH,
(v) )
(£)—2, 3—Dibromobutanes
15.7.8. Reactivity of Alkenes towards
Electrophilic Addition Reactions
As discussed above alkenes undergo

electrophilic addition reactions. During these ad-

dition reactions, the attack of the z-electrons of the

double bond occurs on an electrophile leading to
the formation of a carbocation intermediate (I)

+

e 1) =/c;—(??:+ — >Cc-CcZ
Alkene |

E
Carbocation (T)

Evidently rate of addition depends upon the
stability of the carbocation formed. Greater the
stability of the carbocation, more reactive is the
alkene.

In order to understand the reactivity of dif-
ferent alkenes let us add an electrophile and then
examine the stability of the carbocations formed.
Thus
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T 0 R CH;CH = CH, + Cl, E en,cH-cH
C=<CH,+E* — C—CH,E o T T e = 5
2 CH = Propene | |
CH, 3 (Propylene) € ot
2 —Methylpropene 3° Carbocation 1, 2—Dichloropropane
(Propylene chloride)

T o i

CH,CH < CH, + E* —> CH,— CH - CH,E

Propene 2° Carbocation
2., +
CH, =CH, + E* — CH,-CH,E
Elhene 1° Carbocation

Since the stability of the carbocations follows
the order :

3° > 2° > ] therefore, 2-methylpropene which
gives a 3° carbocation reacts faster than propene
which forms 2° carbocation which, in tum, reacts
faster than ethene which forms a I° carbocation.
Thus, the overall reactivity decreases in the fol-
lowing sequence :

CH, o
C=CH, > CH,—-CH = CH,
CH, Con Propene
> CH, = CH,

Ethene
In general, the order of reactivity of alkenes
_ towards electrophilic addition reactions decreases

in the order :
R,C=CR'; > R,C=CHR' > R,C=CH, =
RCH = CHR > RCH=CH, > CH, = CH,
where R and R’ are alkyl groups.

15.7.9. Chemical Reactions of Alkenes

Besides addition reactions, alkenes undergo
oxidation, reduction and polymerization reactions.
These are briefly described below :

I. Addition Reactions of Alkenes

\K, Addition of halogens
Halogens such as chlorine and bromine readi-

ly add to alkenes to form 1, 2-dihaloalkanes. For
example,

CCl,
CH,=CH, + Br, —  CH,-CH,
Ethene I I
(Ethylene) Br Br

1, 2-Dibromoethane
(Ethylente bromide)

During the addition of bromine to alkenes, the
orange red colour of bromine is discharged since the
dibromide formed is colourless. This reaction is,
therefore, used as a test for unsaturation in or-
ganic compounds.

Fluorine reacts with alkenes too rapidly to be
controlled in the laboratory while iodine does not
react with alkenes at ordinary temperatures. Thus
the order of reactiviiy of addition of halogens to
alkenes is

Fluorine > Chlorine > Bromine > lodine

“Addition of halogen acids. Alkenes react
with halogen acids (HCI, HBr, HI) to form
monohaloalkanes called alkyl halides.

&

\\(/f H
|
JC=cl+HX —zc-c
Alkene I
X
Alkyl halide

eg,CH, = CH, + HBr —> CH,—CH,Br

Ethene Bromoethane
(Ethylenc) (Evhyl bromide)

The order of reactivity of halogen acids in
this reaction is : HI > HBr > HCI. This order of
reactivity can be explained on the basis of bond
dissociation encrgies of the halogen acids :

HI (300 kJ mol™') > HBr (360 ki mol~")
> HCI (430 kJ mol™ 1)

The actual product formed, however,
depends upon whether the alkene is symmetrical or
unsymmetrical as discussed below :

(i) Addition to symmetrical alkenes. When
the alkene is symmetrical only one product is
theoretically possible. For example,

CH, = CH, + HBr —> CH,—-CH,—Br

Ethene
Aa

Bromoethane
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But—2—ene
CH, — CH—CH,CH;
I
Cl
2—-Chlorobutane
Mechanism.

Like the addition of halogens, additions of
halogen acids to alkenes is also an electrophilic
addition reaction and occurs in the following two
steps:

H—[]gr

Ionization
—_— H* + Br~

slow t
Stept. CH, = CH, + H* —— CH,-CH,
Ethylene Ethyl
carbocation (V)

e
Step2. Br~ + CH,-CH,

Nucleophtlic attack

» Br—CH,—CH,

Ethyl bromide

{ii) Addition to unsymmetrical alkenes.
When the alkene is unsymmetrical, two products
are theoretically possible. For example, the addi-
tion of HBr to propene in the dark and in the
absence of peroxides can, in principle, give two
products. But experimentally, it has been found
that under these conditions, the major product is
2-bromopropane and the minor product is 1-
bromopropane.

Fast

Dark
CH,CH=CH, + HBr :

Absence of peroxides

Propene

CH;—CH-CH, + CH,CH,CH,—-Br
| 1-Bromopropanc
Br {(minor product)
2-Bromopropanc
(major product)

Markovnikov's rule. Markownikov, a Russian
chemist, studied a large number of such addition
reactions and postulated an empirical rule in 1869
which is known after his name as Markovnikov's
rule. The rule states that

The addition of unsymmetrical reagents such as
HX, H,0, HOX etc. to unsymmetrical alkenes oc-
curs in such @ way that the negative part of the
addendum (i.e. adding molecule) goes to that carb-
on atom of the double bond which carries lesser
number of hydrogen atoms.

For example,

CH, CH,

I l
CH,~-C = CH, + H*CI~—» CH,—C—CH;

2—Methylpropene l
cl
2—Chloro—2—
methylpropane
Theoretical explanation of Markovnikov's
rule. The addition of halogen acids to alkenes is an
electrophilic addition reaction. Thus, during the ad-
dition of HBr to propene, the first step involves the
addition of a proton. This addition, in principle, can
occur in two ways. If the proton adds on the ter-
minal carbon atom of the double bond, a 2° car-
bocation (1) is formed and if the addition occurs on
the middle carbon atom, a 1° carbocation (II) is
produced.
2 1
CH,-CH = CH,

Addition at C, l H* Addition at C,

&-'EEWl Slow
+ +
2° Carbocation (1) 1° Carbocation (II)
{more stable) {less stable)
Fast | Br Fast } Br-

CH,—CH —CH, CH,—CH,—CH,Br
! | —Bromopropane
Br (minor product)
2~-Bromopropanc

(major product)

Since a 2° carbocation (I) is more stable than
1° carbocation (II), therefore, carbocation (I) is
predominantly formed. This carbocation then
rapidly undergoes nucleophilic attack by the Br™
ion forming 2-bromopropane as the major product.
Thus, Markovnikov's addition occurs through more
stable carbocation intermediate.
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Rearrangements during addition of halogen acids. It may be noted that
However, unlike the addition of Br, to alkenes which occurs through a cyclic bromonium ion (1T}, the addition

of HBr occurs through the intermediate formation

of simple carbocations (VI).

Since carbocations are prone to rearrangement, therefore, if the structure of the initially formed carbocation
permits, it may undergo rearrangement cither by a 1, 2-hydride shift or by a 1, 2- methyl shift to form the

more stable carbocation which then undergoes nucleophilic attack by the Br™ ion to form the rearranged alkyl

halide. For example,

CH, CH,

2 - 1,2-Hydride
CH;—JIH—CH =CH; — CHJ—E‘. -H—CH, 7
3=Methylbut—1 —ene Slow | itk
H
2° Carbocation
(less srabie)
CH, CH,
. a0
Il:i-l:j ~CH,CH; —— CH3— —CH2CH3
+ Fast -
¥ Carbocation T
(rmore stable) 2—Bromo—2- methylbutane
CH,4 CH3
H* - 1,2—-Meth
Similarly, CH_,.—é—CH =C/I-]1-1 {'.‘Hl—é—-rCHnCH] 2
Slow Shift
HS
3, 3—Dimethylbut—1-ene 3
2" Carbocation
(lexs srable)
lf!fl_,r CH3
Br™ (I:
CHy— 4-—'EI][—CH3 e CH3— —CH—-—CHJ
+ é Fast
H, r CH,
3° Carbocation 2—Bromo-2,
{more stable) 3—dimethylbutane
R S O S P e s
Peroxide effect. It may be noted that CH,CH, - CH,Br

Markovaikov's rule is not always followed. In

presence of peroxides such as benzoyl peroxide

(C4H;CO-0—0—COCH,), the addition of HBr

(but not of HCl or HI) to unsymmetrical alkenes takes

place contrary to Markovnikov's rule. This is known

as Peroxide effect or Kharasch effect. Thus,
(CH,C00),

CH,CH=CH, + HBr

Propene
(Propylenc)

Anti—Mark. addn.

1-Bromopropane

(n-Fropyl bromide)
Mechanism. The addition of HBr to alkenes
in presence of peroxides occurs by a free radical
mechanism. It consists of the following three steps.

(@) Initiation,
A
() CiH,CO— (';\_D O0-COCHy —

Benzoy! peroxide N
2CH,CO-0

Benzoyl free radical
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(if) CgHsCO— O + HBr —> CHsCOOH + Br
(b) Propagation. It consists of two steps.

During the first step, a Br* adds to the double
bond in such a way to give the more stable free
radical. In the second step, the free radical thus
produced abstracts a H# from HBr to complete the
addition.

(i) CH,— CH=CH, +Br —>CH; — CH—CH,Br

FPropenc 2° radical (more srable)

(i) CHy— CH ~ CH,Br+HBr —»

CH, — CH, — CH,Br +Br
1—Bromopropane

(c) Termination. (i) 2 Br — Br,
(i) CHy—CH —CH,Br + Br ——

CH, - CHBr — CH,Br

1, 2—Dibromopropane

CH,
(ifi) 2 Sy i
BrCH,~
CH, CH,
“ScH-cH
BrCH, “~CH,Br
1, 4—Dibromo—~

2, 3—dimethylbutane
Exceptional behaviour of HBr. To understand
why peroxide effect is observed with HBr and not
with HE, HCI or HI, let us consider the AH of the
two propagation steps

X  AH (in kKJjmole)
in
HX

(i) X+ CH,=CHCH, (i) XCH,—CHCH; +HX

4~xcn,—CH—CH; |— X CH,—CH,CH;+X

F —209 +159
cl —101 o7
Br —42 2237
I 12 —104

From the above data, it is clear that only with
HBr, both the steps are exothermnic and hence the
peroxide effect is observed. With HCl or HF, the
peroxide effect is not observed because the second
step involving the reaction of carbon radical with
HCI or HF is endothermic. Further, the peroxide
effect is also not observed with HI because the first
step involving the addition of iodine radical to
alkenes is endothermic.

3. Addition of the elements of hypohalous
acids (HOX where X = Cl, Br or I) — Halohydrin
formation. Chlorine and bromine in the presence
of water readily add to alkenes to form the cor-

responding halohydrins.*
‘,. Rt AR === HOX + HX
My OH
X/I0 |
Sc=cZl+ —— SC-c(
Alkene -HX ]
X
Halohydrin
For example,
CLARD, .1 2
(@8 LG o L e CH,-CH,
Ethene e | |
(Eshylene) OH Cl
2 Chlorocthanol
(Ethylene chlorohydrin)
Bry/H,0
CH,—CH = CH, +
Propene —HBr
(Propylenc) (Mark. add.)
CH,--CH—CH,
i Al
OH Br
| —Bromopropan—2—ol
(Propylene bromohydrin)

The overall reaction involves the addition of
the elements of hypohalous acid (HO~?—X*%)in
accordance with Markovnikov's ritle.

The order of reactivity of different X,/H,0
(HOX) is

ClL,/H,0 (HOCI) > Br,/H,0 (HOBr) >

1,/H,0 (HOI)

Mechanism. The addition of halogens in
presence of water occurs by a two step mechanism
through cyclic halonium ion intermediate as shown
below.

*Compounds containing halogen atom and the hydroxyl group on adjacent carbon atoms are called halohydrins.
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d+ | é—  Slow
CH;—CH = CH, + Br-Br —
Propylene Br
F\.H
\ -Br ),
i H,0:
CH;—~CH-CH, / — CH;~CH—CH,Br
d+ Fast |
Y
o 9]
g
H H
T

— CH;~CH-CH,

| |
OH Br

)Vt Propylene bromohydrin
A B addition . of sulphuric acid— Indirect
“hydration of alkenes. Cold conc. H 290, adds to
alkenes o form alkyl hydrogen sulphates. In case
of unsymmetrical alkenes, addition occurs in ac-
cordance with Markovnikov’s rle.

CH, = CH, + H* “0S0,0H —>

Ethylene

-

CH,— CH, - 0S0,0H
Ethyl hydrogen

sulphate
Mark. addn.
CH,CH = CH, + H* “0$0,0H
Propylene
CH;—CH—CH,
(I)SOZOH

Isopropyl hydrogen sulphate
Mechanism. H,S0, — H* + ~0S0,0H

Slow il
Propylene [sopropyl carbocation
T, Fast
CH;—CH—CH,
|
0SO,0H

Isopropyl h)}drogcn sulphate
Importance. Alkyl hydrogen sulphates on

boiling with water, undergo hydrolysis to produce
aleohols. For example,

A
l
0SO,H
Isopropyl hydrogen sulphate
—CH-CH, + H,50,
|

OH
Propan—2-cl

Thus, alkenes can be converted into alcohals ;

(f) Conc. H,S0, (cold)
= CHZ -
(i) H,0, A

CH,
Ethene

CH,CH,OH
Ethanol

This overall two-step conversion of an alkene
first into alkyl hydrogen sulphate followed by
hydrolysis with boiling water to form alcohols is
called indirect hydration of alcohols.

5. Addition of water — Direct hydration of
alkenes. By hydration we mean addition of water.
Ordinarily, water does not add directly to most of
alkenes. However, some reactive alkenes do add
water in presence of mineral acids to form alcohols.

The addition occurs in accordance with
Markovnikov’s rule. For example,
CH,
] d+ 4-— ut
CH;-C=CH, + H-0OH
2—Melhylpropene Mark. addn.
(fsebunlene) CHJ
l
CH,-C-CH,
|
OH

2—Methylpropan—2—ol
(tert—Buwyl alcohol)
Mechanism. It is an electrophile addition redc-
tion. In the first step, the z-elcctrons of the double
bond attack the electrophile, i.e., H* to form a

carbocation which readily reacts with water to form
the alcohol :

CH, CH,
PR e e
() CH,—C < CH, + H* — CH, ~C~CH;

2—Meih
FIBHEREIE tert — Butyl

carbocation
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CH,4

4 |ﬁ Fast
+ -
CHJ CH,
| = |
CH3-—C—CH3 — CH3---C—CH3
l
-

H H

OH
2—Methylpropan—2—ol

"l{’.l-l}rdruhurnﬁnn-nxldation. Diborane adds
to alkenes to form trialkylboranes which upon sub-
sequent oxidation with alkaline H,0, give alcohols.

For example,

B,H, — 2BH,

BH,
CH,—CH = CH, —» CH;—CH,—CH,BH,
Propene n—Propylborane
CH,CH = CH,
—— - (CH,CH,CH},B-H
Di—n—Propylborane
CH,CH = CH,
— - (CH,CH,CH,)B
Tri—n—propylborane
H,0,/0H™
— 3 CH,CH,CH,OH + B(OH),

1-Propanal Boric acid

The net addition is that of a molecule of water.

This two-step process is called hydrobora-
tion-oxidation and gives alcohols corresponding to
anti-Markownikov's addition of water to alkenes.

Hydroboration was discovered by Herbert C.
Brown who was awarded Nobel Prize in 1980 for
the tremendous synthetic uses of hydroboration.

_ £ \iiReduction—Addition of hydrogen. Addi-
Y tion of hydrogen to unsaturated hydrocarbons (such
as alkenes, alkynes, arenes etc.) is called catalytic
hydrogenation. Alkenes readily add hydrogen in
presence of Raney nickel (an active form of nickel),
platinum or palladium as catalyst at room tempera-
ture or ordinary nickel at 523-573 Ko form alkanes
(Sabatier and Senderen’s reduction ). For example,
Raney Ni

CH,=CH, + H,
Ethene

CH, - CH,

or PtiorPd Ethane

==

Ni
Propene 523-5T3K
CH,—CH, —CH;
Propane

TH. Oxidation Reactions of Alkenes. Alkenes
undérgo a number of oxidation reactions to give
differ¢nt products.

1. Complete oxidation with oxygen or air—
Combustion, Alkenes burn in oxygen or air to form
CO, and H,0. This process is called combustion.

All combustion reactions are highly exothermic in
nature. For example,

] CH,=CH, +30, —2CO, + 2H,0;
AH = — 1411 kI mol™"
2. Controlled oxidation with oxidising agents.

Alkenes react with a number of oxidising agents to
give different products :

(1) Oxidatlon with oxygen. Alkenes react with
O, in presence of silver as catalyst to form

epoxyalkanes or epoxides. For example,

, CH H
L ) Ag C - S
S 430, —— o
/' CH, S%K  CH,
Elhene Epoxyethane
1

Propene

O, —
277 sk
CH,-CH- }ZH2
0
1, 2—Epoxypropane
(ii) Oxidation with potassium perman-
ganate. Different products are formed depending
upon the reaction conditions.

ﬁk{ With cold dilute neutral or alkaline
KMnO,

Because of the presence of 7-bonds, alkenes
are readily oxidised by cold dilute neutral or
alkaline KMnO, solution to give vicinal or I, 2-diols
or 1, 2- glycols while KMnO, is itself reduced to
MnQO,.

This reaction is called hydroxylation since

during this process, two hydroxyl groups are added
across the double bond. For example,

2KMnO, + H,0 ——» 2KOH+2Mn0O, + 3[0]
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CH, 28-303k CH,0H CH,4
|[Bte HH@ O} -0 I KMnO, , KOH
G A e S CH,OH CH;—C =CH, +4[0] —
Ethene From KMn0, Ethane-1, 2—diol 2-Methylpropenc 373-383K
(Ethylene) (Ethylene glycol) (Isobutylene) CH3
|
3CH,CH = CHCH, +2KMn0, + 4H,0 ¥*8 CH-C=0 + HCOOH
But-2-ene Propanone l [0]
(Acerane) C()2 + Hz()
298-303 K With non-terminal alkenes, carboxylic acids or
* 3CH;CH—CHCH; +2MnO, +2KOH  yerones or both of these are obtained depending
| | upon the nature of the alkene. For example,
OH OH KMnO,, KOH
Bamme2y3-diol CH;CH = CHCH, + 4[0] ——
But-2-ene 373-383K
During this reaction, the pink colour of the
KMnO,, solution is dxscl_za.rged- and .a brown | ] CH;COOH + HOOCCH,
precipitate of manganese dioxide is obtained. The Ethanoic acid (2 molecules)
reaction is, therefore, used as a test for unsaturation (Acetic acid)
under the name Baeyer’s test. CH;CH,CH = CHCH, + 4 (O]
¥ Oxidation with hot KMnO, solution. Pent-2-ene
When an alkene is heated with hot KMnQ, solu-
tion, cleavage of the C = C bond occurs leading to KMnO, , KOH
the formation of carboxylic acids, ketones and carb- CH;CH,COOH + HOOCCH,
on dioxide depending upon the nature of the alkene 333K Ppropanoic acid Ethanoic acid
as shown below : (Propionic acid) (Aceric acid)
With terminal® alkenes, one of the products is
always methanoic acid (formic acid) which on fur- CH, A CH, KMnO, . KOH
ther oxidation gives CO, + H,0. For example, C=C +2[0] 2
0 CH3/ i CH, 373-383K
KMnO, , KOH Il 2, 3-Dimethylbut-2-ene
CH,=CH, + 4[0] 2ZH-C-QH
Ethene 373-383K  Methanoic acid CH, CH,
(Ethylene) (Formic acid) V C=0+0=C
2, 200, + m,0 | CHy” S,
2 z Propanonc (2 maolecules)
(Acerane)
KMnO,, KOH \A Oxidation with ozome. When ozone is
CH,CH = CH, + 4 [0] ————— passed through a solution of an alkene in some inert
fl”r;op;ne 373-383K solvent such as CH,Cl,, CHCL, or CCl, at a low
b g temperature (196—200 K), it oxidises alkenes to

fl [0
CH,—C—OH + HCOOH-— CO, + H,0

Ethanoic acid
(Acetic acid)

*Alkenes in which double and lépl:_hnnd are prcu.-_m at
and terminal allynes

) EATS.

ozonides. Ozonides are upstable and cxplosive
compounds. Therefore, they are not usually iso-
lated but are reduced, in situ, with zinc dust and

water or H,/Pd to give aldehydes or ketones or a

mixture of these (reductive cleavage) depending
upon the structure of the alkene.

the end of the carbon chains are respectively called terminal alkenes



However, if the ozonides are decomposed
only with water, the H,;0, produced during the
reaction oxidises the initially formed aldehydes to
the corresponding acids (oxidative cleavage).

This two-step conversion of an alkene into an
ozonide followed by its reductive cleavage to yield
carbonyl compounds is called ozonolysis.

Importance. Ozonolysis is a versatile method
for locating the position of a double bond in an

i R
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CH, CH,Cl, /CHZ -0 unknown alkene since no two different alkenes give
I - +o 9 | the same combination of aldehydes and /or
CH, 196-200 K \CHZ_O k‘etoncs. Therefore, this method has been exten-
Ethene Pilicn et sively used in the past for structure elucidation of
(Ethylene) (Ethylene ozonide) alkenes. For example,
¢) (i) 0;/CH,CL,
2H—-C-H But-]-enc (f} Zn/H,0 Propanal
—Zn0 Methanal + HCHO
(reductive cleavage) {Formaldehyde) Methanal
(i) O/ CH,Cl,
CH,C1, s Lo CH;CH = CHCH; —
CH,CH=CH, +O;——> CH;—CH  CH, But-2-ene GZnr GO
Propene 196-200 K | | CH,CHO + CH,CHO
{Propylene) 0 0 Fthanal (two molecules)
Propene ozonide
H - ?HB () 0y CH,CL
'n/ 3 hed
S8R ‘ | CH;—C=CH, —————
CH,-C=0 + 0=C-H (i) Zn/HL,0
—Zn0 Ethanal Methanal P Nepepss ) Z CH,
(reductive cleavage)  (Acetaldehyde) (Formaldehyde)

|
CH,—C=0 +HCHO

Propanone Methanal
CHy_  _-CHs @oycHa,
_e=c
CH; ey (i) Zn/H,0
2, 3-Dimethylbul—2—ene
CRie CH,
C=0+ 0=C
o ~SCH,

Propananc (two molecules)

e

il

1. Reduction of ozonides. Instead of Zn/H,0 or catalytic hydrogenation (H,/Pd), ozonides can more con-
veniently be reduced with dimethyl sulphide, (CH,),S. A fine jet of (CHy),$ is directly passed through the
ozonolysis mixture, when the ozonide is reduced to the corresponding aldehydes and ketones and (CH,),S is

itself oxidised to dimethyl sulphoxide (DMSO).

@]
R o R CH; R R |
R 150 Gl = S A C=DORiE CHs—é—CH3
H” (!) (L H CH,~” H~~  Aldchydes H Dimethy!
h Dimethy! sulphoxide
Ozonide sulphide

Since DMSO is water soluble and excess Of (CH,)

ketones are obtained aimost in pure state.

,S being volatile simply evaporates, therefore, aldehydes and
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2. Lemieux reagent is an aqueous solution of sodium periodate (NalQ,) and a trace of KMnQ, and is used for
oxidation of alkenes. In fact, it is a better method than ozonolysis for determining the position of double in an
alkene and for preparing carbonyl compounds. With this reagent, the alkene is first oxidised to cis-1, 2-diol
which is Lhen cleaved by periodate te aldehydes and/or ketones. Aldehydes thus produced are further oxidised
by KMnO, to acids. The reaction proceeds at room lemperature and the manganese obtained in the lower

oxidation state is reoxidis=d to permanganate and hence only a trace of KMnQ, is needed. Thus,

KMnO, NalQ,
RCH=CHR'
Alkene
H OH
cis—1, 2=Diol
EXAMPLE 155. A hydrocarbon containing

two double bonds on reductive ozonolysis gave
glyoxal, ethanal and propanone. Give the structure of
the hydrocarbon along with its [UPAC narmne.

Solution. Step 1. To write the structure of the
products of ozonolysis with their carbonyl groups
Jacing each other,

H H H CH,
| [ I
CH;-C=0 0=C~C=0 0=C-CH,
Ethanal Glyoxal
Step 2. To write the structure of the hydrocarbon.
Remove oxygen atoms from each of the three
carbonyl compounds and connect them by double
bonds, we have ; —
H H_ M, CH,
i iR
CH;-C=C-C=C - CH,
6 CRRSNA RS Lo« )
2-Methylhexa-2, 4-diene
Thus, the given hydrocarbon is 2-methylhexa-2,
4-diene.
ENAMPLLE 15.0. Give the structures of the
compounds which on reductive ozonolvsis give :

(i) propane-1, 3- dial (i) glyoxal and formaldehyde
(iii) acetaldehyde, formaldehyde and carbon
dioxide.

Solution. (i) Since reductive ozonolysis gives
only one product, i.e., propane-1, 3-dial, therefore,

Propanone

PROBLEMS FOR PRA

L. An alkene with molecular formula C;H,, gives

propancne and butanal on ozonolysis. Write down
its structural formula. (NCERT)

KMnO,

R—CH-—-CH—R' ——[R—CH=0+0= CHR']| —— RCOOH + HOOCR'

Aldchydes Carboxylic acid

MS ON 0ZONOLYSIS

the 2compound must be a cyclic alkene, ie.,
cyclopropene,

(i) Oy
—— 0=HC -CH,-CH=0
() Zn/H,0 Propane—1, 3—dial

Cyclopropene
(i) Since two products i.e., glyoxal and for-
maldehyde are obtained, therefore, the compound
must be acyclic. Further, since glyoxal (OCH —
CHO) contains two aldehyde groups, therefore, on
either side, there must a = CH, group, Thus, the
compound is 1, 3- butadiene.
(D Oy
CH,=CH-CH=CH; ————
1, 3—Butadiene (i) Zn/H,0
HCHO + OCH — CHO + HCHO
Formaldehyde Glyoxal
(i) Formation of CO, indicates that on ¢ither

side of this carbon, there is a double bond. Since
CH,CHO and HCHO are the two aldehydes obtai-
ned, therefore, this carbon is attached to
CH;CH= group on one side and CH,=group on
the other side. Therefore, the compound is 1, 2-
butadiene.

()0,

CH;CH = C = CH,
1, 2—Butadiene @i Zn/H,0
CH3CHO +0=C=0+ HCHQ

[Hint. The structures of the ozonolysis products
are : CH;CH,CH,CH = O O = C(CH,),
Butana Propanone
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EACTICE
Remove the oxygen atoms and connect them by a
double bond, the structure of the alkene is
CH,CH,CH,CH = C(CH,),]
2-Methyihex—2—ecne
2. The reductive ozonolysis of an alkene gave

butanone and ethanal. Give the structure and
[UPAC name of the alkene.

[Ans. CHyCH,(CHy)C=CHCH,,
3-methylpent-2-ene]

3. An unknown alkene on reductive ozonolysis gives
two isomeric carbonyl compounds of molecular
formula, C;HgO. Write the structures of the alkene

and the two isomeric carbonyl compounds.
[\rs. (CH4),C=CHCH,CH, (2-methylpent-2-ene),
(CH,),C=0 (propanone}), CH,CH,CH=0
(propanal)]
4. An organic compound {A), CgH,q, On reduction
first gives (B), CgH,,, and finally (C), CgH 4. (A)
on ozonolysis followed by hydrolysis gives two al-
dehydes (D), C;H,0, and (E), C;H,0,. Oxidation
of (B) with acidified KMnO, gives the acid
(F), C,HgO,. Determine the structure of the com-
pounds (A) to (F) with proper reasoning.
(Roorkee 1993)
[ins (A)= CH3CH=CH--CH=CHCH3;
(B)= CH,CH,CH;—CH=CHCH,;
(C)= CH4CH,CH,CH,CH,CHy;
(D) = CH,CH=0;
(E) = 0=CH—CH = O and
(F) = CH,CH,CH,—COOH])

GOHT
Solution. (i) Since the aldehyde (E) contains two
O atoms, therefore, it must be a dialdehyde. The
only dialdehyde having the molecular formula,
C,H,0, is glyoxal, ie. O = CH—CH = Q. The
other aldehyde (D) having the molecular formuia,
C,H,0 must be acetaldehyde, ie., CH;CHO. Fur-

ther since, glyoxal is a dialdehyde, therefore, two
molecules of acetaldehyde must have been formed.
Thus, the structure of the alkene (A) is

() Oy CH,CL,

CH,CH = CH—CH = CHCH, .
Hexa-2, 4-diene (A) (#) Zo/H,0
CH,CH = 0+0=CH — CH=0 + 0 = CHCH,
Acctaldehyde Gityocal Acetaldehyde
(if) Since (A) on reduction gives (B) which on
oxidation with alk. KMnO, gives the acid (F), there-
fore, (B) must be hex-2-enc and (F) must be
butanoic acid.
Hy/Ni
CH,CH=CH —CH = CHCH; —
1A]

0
CH,CH,CH,—CH= CH— CH, L

Hex-2—cne (B)
CH,CH,CH,COOH + CH;COOH
Butanoic acid (F) Acetic acid
(i) Since (A) on reduction first gives B(hex-2-ene)
and finally (C),therefore, {C) must be n- hexane.

H,/Ni
CHJCHZCHZ -CH=CH-CH; —
Hex-2-ene
CH,CH,CH,CH,CH,CH,

n~Hexane (C)

IV. Polymerization Reactions

Polymerization is a process in which a large number
of simple molecules combine to form a big molecule.
The simple molecules are cafled monomers while
the big molecule is called a macromolecule or a

palymer.

Polymers are extremely useful products.
These have revolutionized our everyday living. For
example, polymers are used as plastic, textile, rub-
ber and in many other industries.

Alkenes readily undergo polymerization in
the presence of catalysts.

(i) Polymerization of ethene, When ethene is
heated Fto 473 K under a pressure of 1500 atmos-

pheres and in presence of a trace of oxygen
(0-001—0-1%), it undergoes polymerization to
form polythene.

473K, 1500 atm.
nCH, = CH, ————— {CH,—-CH, 3,
Traces of oxygen Polythene

It is widely used as a packaging material (in
the form of thin plastic films, bags etc.) and as
insulation for electric wires and cables.

(i) Polymerization of propene. Polypropene
or polypropylene is prepared either by heating
proplyene in presence of a trace of benzoyl
peroxide as radical initiator or by Ziegler-Natta
polymerization.
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Peroxides, A
HCH3 —CH = CHZ -

or Ziegler—Nalta catalyst

Propene
CH,
i
SR il
Polypropene

It is a harder and stronger polymer than
polythene and is used for making automotive
mouldings, seat covers, carpet fibres, ropes ctc.,
containers for oils and gasoline.

(ii) Polymerization of substituted ethenes. A
number of polymers can be obtained by using sub-
stituted ethenes as monomers in place of cthene.
For example,

Polymerisation

nCH, = CH (-CH, - CH-),
I l
Cl Cl
Chloroethene Polyvinyl chioride (PVC)
(Vinyl chioride)

Polymerisation

n CH=CH, ———— (—CH-CH,-)_
|

CGHS C6H5
Styrene Polystyrene
Polymerization
nCH;=CH ——— (-CH,-CH-
| i
CN gy
(22?4132::?2) Polyacrylonitrile (PAN)

Polymerisation
nCF, = CF, ———— (—CF, —CF; —),
Polytetrafluoroethene
(PTFE, Teffon)

Polyvinyl chloride (PVC) is used for making
plastic bottles, syringes, pipes, raincoats, records,
etc. Polyacrylonitrile is used for making Orion and
Acrilan fibres used for making clothes, carpets and
blankets. Polystyrene is used for packing and for
making toys and household goods. Polytetra-
fluoroethene or teflon is resistant to the action of
acids and other chemicals. It isused in the manufac-
ture of pipes and surgical tubes. Because of its great
chemical inertness and high thermal stability, teflon
is also used for making non-stick utensils. For this
purpose, a thin layer of teflon is coated on the inner
side of the vessel.

Tetrafluoroethene

15.7.10. Uses of Alkenes

() Lower members of the family are used as
fuels and illuminants.

(#) Alkenes and substituted alkenes upon
polymerization form a number of usefu! polymers
such as polythene, PVC, teflon, orlon ete.

(#ii) Ethene is employed for the preparation
of ethyl alcohol and ethylenc glycol (anti-freeze).

(iv) Ethylene is used for artificial ripening
green fruits.

(v) Ethylene is also used in oxygen-ethylene
flame for cutting and welding of metals.

PART—-III

ALKYNES
15.8. AlKYNes s i

Acyclic unsaturated hydrocarbons containing a
carbon-carbon triple bond are called alkynes or
acetylenes. Their general formula is C,H,,_,where
n=22734..etc

15.8.1. Structure of alkynes

In alkynes, the two carbon atoms are linked by
a triple bond while the remaining carbons form
C—C and C—H, o bonds. The carbon-carhon
triple bond is made up of two weak n-bonds and
one strong o-bond. In all, ethyne has 3o- and 2=-
bonds.

The carbon atoms forming a triple bond are
sp-hybridized. Therefore, the portion of molecules
of all alkynes which is attached to carbon- carbon
triple bond is linear in nature.

Due to the smaller size of sp-orbitals (as com-
pared to sp? and sp®) and sideways overlapping of
unhybridized p-orbitals, the carbon-carbon bond
distance in acetylencis only 120 A (120 pm). Since
the acetylene moleculeis linear, therefore, H~C—
C bond angle is of 180°,

1.20 A

S e x\-l

o

T
180

The C = C has a bond strength of
823 kJ mol™! in ethyne. It is stronger than C = C
of ethene (610 kJ mol™!) and C~C of ethanc
(370 kJ mol "),
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In spite of the presence of two 7-bonds,
alkynes are less reactive than alkenes towards addi-
tion reactions. Further, alkvnes uniike alkenes do not
exhibit geometrical isomerism due to their lincar
structure.

15.8.2. Nomenclature of Alkynes

The IUPAC nomenclature of alkynes has been
discussed in detail in unit 14. Even then for the
purpose of recaptulation, the IUPAC names of
some alkynes are given below :

CH,
|
CH,~-C-C=CH C(H;—C=CH
3=Methylbut—1—yne
CH N 3 Dy i
i /CH—-CHZ—CECH
CH,
3-Cyclopropylprop—1-yne
If both double and triple bonds are present

and if there is a choice in numbering, the double
bond is always given preference. For example,

Ethynylbenzene

1 2 3 4 3 6
CH, = CH-CH,—-CH,-C=CH
Hex—1—ene—5—yne
However, if there is no choice in numbering
lowest set of locants rule is followed. For example,
5 4 3 2 1
CH,—-CH=CH-C=CH
Pent—3—en—1—yne (correct}
1 2 3 4 5
CH,-CH=CH-C=CH

Pent—2—ene—4—yne (wrong)
15.8.3. Isomerism in Alkynes

Alkynes show four types of isomerism as dis-
cussed below :

(i) Position isomerism. The first two mem-
bers, i.e. ethyne and propyne exist in one form only.
But butyne and higher alkynes exhibit position
isomerism due to different position of the triple
bond on the carbon chain. For example,

CH;-CH,-C=CH CH,—-C=C-CH,
But—1-yne But—2—yme

(if) Chain isomerism. Alkynes having five or

more carbon atoms show chain isomerism due to

different structures of the carbon chain. For ex-
ample,
CH,—CH,—CH,-C=CH

Pent—1-—yne

CH,
iy 2 5
CH,~CH—-C=CH
3-Methylbut—1—yne
(1ii) Functional isomerism. Alkynes are func-

tional isomers of dienes, i.e., compounds containing
two double bonds. For example,

4 3 2 1
CH,;-CH,-C=CH
But—1—yne

1 2 3 4

CH, = CH—CH = CH,

Buta—1, 3—diene

1 2 3 4
CH, = C = CH-CH,
But—-1, 2—diene

(iv) Ring chain isomerism. Alkynes show ring
chain isomerism with cycloalkenes. For example,

CH,-C=CH and f

Propyne Cyclopropene

are ring chain isomers.
15.8.4. Classification of Alkynes
Alkynes arc further classified as terminal or
non-terminal alkynes accoding as the triple bond is
present at the end of the chain or within the chain.
For example,
Terminal alkynes :
CH,C = CH
Propyne
Non-terminal alkynes :
CH,—C =C—CH, CH;-C=C-CH,CH,
But—2-yne Pent—2-yne
15.8.5. Methods of Preparation of Alkynes
Alkynes are prepared by the following general
methods.
A 6\1. By the action of water on calcium carbide.
Fthyne (acetylene) is prepared in the laboratory as
well as on commercial scale by the action of water
on calcium carbide.

CH,CH,C = CH
But—1—yne
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CaC, +2H,0 — HC=CH +Ca(OH),
Calcium Ethyne
carbide (Acetylenc)

Calcium carbide needed for the purpose is
manufactured by heating limestone {calcium car-
bonate} with coke in an electric furnace at 2275 K.

2275K

CaCO, —— CaO +CO,

WATER

CALCIUM
CARSIDE

ACIDIFIED
CuSO.SOL.

2215 K
CaQ + 3C —— CaCG, + CO

Procedure. Lumps of calcium carbide are
placed on a tayer of sand in a conical flask fitted with
a dropping funnel and a delivery tube (Fig. 15.18).
The air present in the flask is replaced by oil gas since
acetylene forms an explosive midure with air. Water is
now dropped from the dropping funnel and the
acetylene gas thus formed is collected over water.

{

Lk

bk iy

FrTa o rrrs

I'L

BLEACHING POWDER
SUSPENSION

FIGURE 15.18. Laboratory preparation of acetylene.

Purification. Acetylene gas prepared by the
above method contains impurities of hydrogen sul-
phide and phosphine due to the contaminations of
calcium sulphide and calcium phosphide in calcium
carbide. Hydrogen sulphide is removed by bub-
bling the gas through an acidified solution of cop-
per sulphate while phosphine is removed by passing
the gas through a suspension of bleaching powder.
Pure acetylene is finally collected over water.

By dehydrohalogenation of dihaloalkanes.
Alkynes are prepared by dehydrohalogenation of
vicinagi-dihaloalkanes by heating them with an al-
ccholic solution of potassium hydroxide. For ex-
ample,

CH,-Br
| + 2 KOH(alc.)
CH,—Br
1, 2-Dibromoethane

—

CH
il +2KBr+ 2H,0
CH

Acetylene
The reaction, in fact, cccurs in two steps and
under suitable conditions, the intermediate
product, vinyl bromide may be isolated.

BrCH, — CH,Br + KOH (alc.) ——
Ethylene dibromide
CH, = CHBr + KBr + H,0
Vinyl bromide

A
CH,=CH-Br + KOH (alc) —

CH=CH + KBr + H,0
Acetylene

Instead of alcoholic potassium hydroxide,
sodamide in liquid ammonia can also be used. The
main advantage is that the yields are better since

there is less tendency to form by-products.

Liquid NH,

BrCH, — CH,Br + 2NaNH,

t. 2—Dibromoethane.

196 K
CH = CH + 2NaBr + 2NH,
Acetylene
Liquid NH,

CH;—CH—CH, +2NaNH,
[ 19 K

Br Br
1,2-Dibromopropane

CH;-C=CH + 2NaBr +2NH,
Propyne
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Alkynes can also be prepared by the action of
alcoholic potassium hydroxide on gem-dihalides.
For example,

KOH(ak.) , A
CH; — CHBr, CH, = CHBr
1, 1-Dibromoethane —HBr Vinyl bromide
KOH(alc.), A
—_— CH=CH
—HBr Acetylene

s 2‘\ \X/ By dechalogenation of tetrahalides.
Tetrahaloalkanes when heatcd with zinc dust in
methanol undergo dehalogenation to yield alkynes.
For example,

Br Br

| | CH,0H
H-C -~ C-H + 2Zn ——

|52 8

Br Br

1, 1, 2, 2-Tetrabromoethane
H-C=C-H +2ZnBr,
Acctylene
i VERBy dehalogenation of haloform. Chloro-
form and iodoform on heating with silver powder
undergo dehalogenation to form ethyne.

HC = CH + 6 AgCl
Ethyne

------------ - A

4,iCH — HC=CH + 6 Agl
............ - Ethyne

[odoform

\ E "Kolbe’s electrolytic reaction. Acetylene can
be prepared by electrolysis of a concentrated solu-
tion of sodium or potassium salt of maleic acid or
fumaric acid. Thus,

H COOK H COOK
C ©
[l or I} +2H,0
(@ ®
H" Ncook Kooc-~ NH
Pot. maleate Pot. fumarate
(cis—isomer) (trans-isomer)
Electrolysis CH

CH

Acetylene
This reaction is called Kolbe’s electrolytic
reaction and is believed to occur by the following
steps

b

CHCOOK

CHCOOK

Pot. maleate
2H,0
At anode :
CHCOO™

|
CHCOO~

At cathode :

e CHEOO™

el | +2K*

CHCOO™

=0 20H +2H?'

CHCOO
e = Il
CHCOO
{nsrable)
CH
— || +2CO0,
CH

Acetylenc

2H* +2¢” — [2H]— H,

°. 6. Synthesis from carbon and hydrogen—

'/ Berthelot Synthesis. Acetylene can be prepared by

passing a stream of hydrogen through an electric
arc struck between carbon electrodes.
Electric arc

—— HC = CH

, 2C+H,
&

NNOK Acetylene

? - Synthesis of higher alkynes from acety-
lene. Acctylene is first treated with sodium metal at
475 K or with sodamide in liquid ammonia at 196 K
to form sodium acetylide. This upon treatment with
alkyl halides gives higher alkynes. For example,

HC=CH + NaNH,

Ethyne
(Acenlene)

4

HC=C™ Na*
Sod. acetylide

+

Lig. NH,

196 K

HC=C~ Na* + NH,
Sodium acetylide
CH3—f?3r o
Bromomethane
HC = C - CH, + NaBr
Propyne

HC=C Na* + CH;CH, PI

Sod. acetylide

Todoethane

—— HC= C—CH,CH; + Nal

But-1-yne

HC=C™ Na® + CH3CH2CH2ﬁ3r —

Sod. acetylide

1-Brumopropane
(n=Propy! bromide)

HC = C — CH,CH,CH, + NaBr

Pent-1-yne
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2NaNH, - -
CH=CH ———— MNa'C=CNat

Acetylene —2NH, Disodium acetylide
2CH,I
CH,-C=C-CH,
—2Nal

But—2-yne
15.8.6. Physical Properties of Alkynes

({) Physical state, The first three members of
this family (ethyne, propyne and butyne) are
colourless gases, the next eight are liquids while the
higher ones are solids.

(if) Smell. All the alkynes are odourless. How-
ever, acetylene has garlic smell due to the presence
of phosphine as impurity.

(iii) Melting and boiling points. The melting
points and boiling points of alkynes are slightly
higher than those of the corresponding alkenes and
alkancs. This is probably due to the reason that
because of the presence of a triple bond, alkynes have
linear structures and hence their molecules can be
more closely packed in the crystal lattice as compared
to those of corresponding alkenes and alkanes.

Hydrocarbon Ethane  Ethene  Fthyne
m.p. (K) 101 104 191
b.p. (K) 184.5 17 198

(iv) Solubility. Alkynes like alkanes and
alkenes being non- polar are insoluble in water but
readily dissolve in organic solvents such as
petroleum ether, benzene, carbon tetrachloride
ete.

(v) Density. Densities of alkynes increase as
the molecular size increases. However, they are all
ligher than water since their densities lic in the
range 0-69—0-77 g/cm®,

15.8.7. Reactivity of alkynes versus alkenes

Although alkynes contain two 7-bonds, yet
they are less reactive than alkenes towards
electrophilic addition reactions. This is supported
by the observation that a majority of the addition
reactions of alkynes are catalysed by heavy metal
ions such Hg**, Ba®* etc. while no such catalysts
are needed in case of electrophilic additions to
alkenes. This lower reactivity of alkynes as com-
pared to alkenes towards electrophilic addition
reactions is due to the following two reasons -

(f) Due to greater electronegativity of sp-
hybridized carbon atoms of a triple bond than sp?-

hybridized carbon atoms «f a double bond, the
n-electrons of alkynes are more tightly held by the
carbon atoms than n- electrons of alkenes and hence
are less easily available for reaction with
electrophiles. As a result, alkynes are less reactive
than alkenes towards electrophilic addition reac-
tions.

(i) Due to cylindrical nature of the z-electron
cloud of alkynes, the s-electrons of a triple bond are
more delocalized that m-electrons of a double bond.
In other words, the m-electrons of a triple bond are
less readily available for addition reactions than
those of the double bond. Consequently alkynes are
less reactive than alkenes.

15.8.8. Chemical Reactions of Alkynes

Some important chemical reactions of alkynes
are discussed below ;

L. Electrophilic addition reactions

The electrophilic addition reactions of
alkynes take place in two stages as shown below :

~CEC- 4%, -—-x>c=c<xiﬁ
X X
i
X

By a proper choice of reaction conditions, the

addition can be stopped after the addition of one
mole of the reagent. Some important electrophilic
additinn'rea;liuns are discussed below :
{ A \CAddition of halogens. Chlorine and
bromine readily add to alkynes first forming 1,
2-dihaloalkenes and  then L1 "G
tetrahaloalkanes. For example,

a, H 5 bl (&
HE' &G 2= el st srdy
Ethme  cCl, C1— SSH cq,
frans—1,2-—
Dichloroethene
Cl ClI
|
H-C-C-H
sl
(6l (c]
1,1, 2, 2~Tetrachlorocthane
(Westron)
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When westron is heated with alcoholic KOH, it forms westrosol (1, 1, 2-trichloroethene)

CHCL, CaL
& + KOH (alcy — ‘! + KCl + H,0
HClL, HCI
1,1, 2, 2=Tetrachloroethane 1, 1, 2-Trichlorocthene
(Westron) (Westrosol)
Both westron and westrosol are used as solvents.
T e e T ety e e R e e S e e L
Br, CH3\ ~Br HBr CH, i e Br
CHl-S@FNEg W= C=C _— @
Propync cc,  Br -~ ~H Mark. addn. C[—]3/ ™~Br
Br Br 2, 2—Dibromopropane
Br, fri) The order of reactivity of halogen acids is :
——  CH;-C-C-H HI > HBr > HCl
el ]l?.r ]|3r Mechanism. It is an electrophilic addition

1.1, 2, 2—Tetrabromopropane

During this reaction, the reddish brown colour
of Bry is decolourised and hence this reaction is used
as a test for unsaturation, i.e., for double and triple
bonds.

The reaction of alkyenes with iodine is very
slow and stops after addition of one motecule of
iodine.

CHOH I~ _~-H

C= C\
H I
trans—1, 2—Iodoethene

Thus, the order of reactivity of halogens is :
Cl, > Br, > 1,

-{I:rﬂdd]tion of halogen acids. Halogen acids
add to alkynes to form first vinyl halides and then
alkylidene dihalides. These additions occur in ac-
cordance with Markovnikov's rule.

HC=CH+]1,

HCl
HC = CH —> CH, = CHCl

.. [Ethyne 1—Chloroethene
, X (Vinyl chloride)
)/\ HC1
U Mo S GH, —CHCl
Mark. addn. 1, 1—Dichloroethane
(Ethylidene dichloride)
HBr CH3 XL

CH,C= CH —> C = CH,
i Br/

2—Bromopropene

reaction and occurs in two stages as discussed

below :
/T Slow +
Stage1: HC = CH + H" — CH, = CH
Ethyne
a
—— CH, = CHCI
Fast 1_Chloroethene
+
Stage 11 : CH,—-CH-CI
2° Carbocation (I)
Slow (more siable)

CH, £ CHCl + HY

+
CH,—CH, (1
1° Carbocation (I1)
{less stable)
Since carbocation (T) being 2° is more stable than
primary carbocation (II), therefore, reaction occurs
through carbocation (T) forming 1, 2-dichloroethane.

+ Fast __,,..f':l
CH,— H-Cl+ClIT —

b
1, 1-Dichloroethane
3, Addition of the elements hypohalous acids.
Like alkenes, alkynes also add chlorine or bromine
in the presence of water. The overall reaction oc-
curs in two stages, each stage involving the addition
of the elements of the hypohalous acid to form
dihalo-carbonyl compound as the final product.
For example,

CH,~CH
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d+ 4
HC=CH+ Ci—-QH —
Ethyne Hypochlorous acid
o+ &—
Cl—OH

[Cl—CH = CH~OH]
(2—Chloroeth—1—en—1 —al)

Cl-CH-CH-QOH| ——

| | -H,0
Cl OH
{unstable) Cl
CH-CH=0
Cl
2, 2—Dichloroethanal
(& @~ Dichloroacetaidehyde)
8+ d-
Cl-0H
Similarly, CH;—C=CH ———
Propyne Mark. addn.
o+ 46—
Cl-OH
CH,—-C = CH
] ] Mark addn.
OH QI
OH 0
l l
CH:,‘—-C—CHCI2 CHJ—C-CHC|2

| w0
OH
(unstable)

V4 Addition of H,0— Hydration of alkynes.
Alkynes cannot be hydrated as easily as alkenes
because of their lower reactivity towards
electrophilic addition reactions. Further dilute
H,S0, has no cffect on carbon-carbon triple bond.
However, in presence of HgSO, as catalyst, hydra-
tion occurs readily. Under these conditions, H,0

adds to the triple bond to form first an enol which
readily tautomerises to the corresponding carbonyl
compound. For example,

1, 1= Dichloropropanone
(e a—Dichloraacelone)

H,50,, HgS0,
HC=CH+H-OH— [CH=CH
Ethyne 3K | ]
(Acetylene) OH H
Vinyl alcohol
(unstable)
O
Tautomerises “
——— CH,~C-H
Ethana}
(Acctaldehyde)

In case of unsymmetrical terminal alkynes, ad-
dition occurs in accordance with Markovnikov's nile.
For example,

d+ &-
CH;—C=CH+ H-0OH
Propyne
(Terminal alkyne) (Mark. addn.)

OH H O

I I Tau'tumr: rises ”
CH;—-C=CH CH;-C-CH,

(urstable) Propancne
{Acetone)

HgSO,, H,80,

333K

However, if the unsymmetrical alkyne is rnon-
ferminaf, a mixture of two isomeric ketones is ob-
tained in which the methyl ketone predominates.
For example, :
H,S0,/H,S0,

CH;CH,-C=C-CH; ——8
Pent—2~yne 3BIK O

]
CH,CH,CH,— C—CH,

2-Pensanone (major)
4
O

l
CH,CH, — C— CH,CH,
3—Penlancne (minor)
5. Addition of carboxylic acids. Alkyncs add
carboxylic acids in presence of Lewis acid catalyst
or Hg?* ions to give vinyl esters. For example,

BF,

R—-C=CH+ CH,COO—-H ——
Alkyne Acetic acid

O R

I !
CHJ—(iJ—O—~C = CH,
a— Alkylvinyl ethanoate
When acetylene is passed into warm acetic
acid in presence of mercury salts, first vinyl acetate
and then vinylidene diacetate is formed.
He2T

“HC = CH + CH,COO—H
Acetylene 353K
CH,COOH
H,C = CH-0OCOCH; ——
Vinyl acetate Hg1+
CH, — CH(OCOCH,),
Ethylidene diacetate

t
e
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Vinyl acetate is used for manufacture of vinyl
resin. Vinyidene diacetate, when heated rapidly to
573—673 K, gives acetic anhydride and acetal-
dehyde.

B e

/ ———

"N OCOCH;

)

- Vinylidene diacetate

(CH,CO),0 + CHy,CHO

Acetic Acetaldehyde
anhydride

\&’Additinn of hydrogen cyanide. Acetylene
adds on hydrogen cyanide in presence of
Ba(CN), or CuCl in HCI as catalyst to give vinyl
cyanide or acrylonitrile.

Ba(CN),

HC = CH + HCN
Acetylene or CuClYHC1
CH, = CH-CN
Vinyl cyanide
or Acrylonitrile
Acrylonitrile is widely used for manufacture

of orlon fibres and synthetic rubber such as Buna N.
[1. Nucleophilic addition reactions

Because of the greater electronegativity of the
sp-hybridized carbons as compared lo spt-
hybridized carbons, alkynes are more susceptible
to nucleophilic addition reactions than alkenes.
Like electrophilic addition reactions, nucleophilic
addition reactions also occur in two steps

Step 1. In the first step, a nucleophile attacks
one of the carbon atoms to form a vinyl carbanion.

= Stow

Nu:" +R-C EQ—R' —_—

R m
~co¢
N NR

(A vinyl carbanion)

This step is slow and hence is the rate-deter-
mining step of the reaction.

Step 2. In the second step, the vinyl carbanion
accepts a proton from the reagent to form the
addition product.

R -/\l-l Fast
| \C=C CHy -[}\lu-—f-

Nu/ \R
R H
\
oF ' ainfhrdat 3
Nu—" R’

This step is fast and hence does not affect the
rate of the reaction.

Addition of methanol to acetylene occurs by
a pucleophilic addition mechanism as discussed
below :

When acetylene is passed into methanol at
433—473 K in the presence of a small amount
(1—2%) of potassium methoxide under pressurc,
methyl vinyl ether is formed.

cH,0 K"

HC = CH + CH;0H

Acetylene 433 = 473K

CH, = CH—OCH,
Methyl vinyl ether

Methyl vinyl ether is used for making polyvinyl
ether plastics.

Mechanism. It a typical example of a
nucleophilic addition reaction to alkynes and oc-
curs through the following two steps :

’/_\ Slow

Step 1. nl L n CH, 0~ —

CH = CH-OCH,

y'\ ]—f/l Fast
Step 2. CH;0-LH + CH = CH-OCH; —

CH, = CH-OCH, + CH,0~
Methyl vinyl ether

IMI. Reduction of Alkynes. Addition of
hydrogen to alkynes in presence of nickel at 523 —
573 gives alkanes.
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Ni

Ethyne 523-573K Ethene
Ni
CH, - CH,
523-373K Ethane

The heat of hydrogenation data reveal that the
first step has larger AH® than the second step,
thereby indicating that alkynes are more readily
reduced than alkenes. This can be easily explained

Catalyst
I-[CECH+H2 H,C = CH,,
AH® = —176 kJ mol™!
Catalyst
H,C=CH, + H, CH,-CH,;

AH® = — 138 kJ mol ™!
On the basis of greater reactivity of alkynes
towards nucleophiles, electrons being negatively
charged are transferred to alkynes more readily than
to atkenes.
Thus, it is possible to stop the reaction at the
alkene stage by using specific catalysts such as
Lindlar's catalyst, i.e., Pd supported over CaCO, or

BaSO, and partially poisoned by addition of sul-
phur or quinoline,

In case of mon-terminal alkynes, catalytic
reduction of alkynes with hydrogen in presence of
Lindlar’s catalyst always gives cis-alkenes since
during hydrogenation, the addition of hydrogen
occurs on the same face of the alkyne molecule, For
example,

CH;—C=C-CH; + H,

But-2-yne
P4/BaSO, +S or quinoine CH3 \ _~CH,
- o=
(Lindlar’s catalyst) u- ~H
cis-But-2—ene

In contrast, chemical reduction ie. Birch
reduction of non-terminal alkynes with Na or Li in
liquid NH;, at 196-200 K gives trans- alkenes.

CH; - C=C - CH,

But-2-yne
() Na/Lig. NH; , 196200k CH3 _~H
— C=C
(if) Ethanol H- ™~ CH,

Fans-But-2-ene

Mechanism. Chemical reduction is believed
to occur through two electron transfers and two

proton transfers as shown below :

T .
R-&%_R+\1Na—~»R_c =C-R ——

- NH,

_,r-‘""R P‘.«la

-
C=(C —
R/ . H
frans— Alkenyl
radical

RS R

C= C,‘\ #
H
cis=Alkenyl
radical

Q

R H—F’:Hz
f,,C_ = L‘f
s

C—————— n

R H - Nuy

frans— Alkene
The formation of trans-product is due to the
rapid cquilibrium between the cis- and trans-
alkenyl radicals, in which the trans-radical being
more stable is readily formed.
IV, Oxidation Reactions of Alkynes

Oxidation of alkynes can be carried out under
different conditions to form different products.

1. Oxidation with air — Combustion

When heated in air, alkynes undergo combus-
tion to form CO, and H,0 accompanicd by release
of large amount of heat and light energy.

2CH=CH+50, —4C0, +2H,0;
Acetylene

AH = — 1300 k) mol~!

Under normal conditions, acetylene burns
with a luminous yellow, sooty flame due to the
presence of higher carbon content than hydrogen.
However, with air or oxygen under high pressure,
acetylene burns with a blue flame (exyacetylene
flame) producing high temperature of the order of
3000 K which is used for cutting and welding of
metals,

Vg-Oxidation with cold dilute potassium per-
manganate

Alkynes are readily oxidised by cold dilute
alkaline KMnQ, solution to give a-dicarbonyl com-

pounds, ie. 1, 2-dialdehydes, 1, 2-diketones 2-
oxoacids or 1, 2-dioic acids depending upon the

nature of alkyne.
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Tt may be noted here that in case of terminal*
alkynes, = CH part is oxidised to —COOH group
while in case of non-terminal alkynes, = CR part is
oxidised to R —C = O group. For example.

|
KMnQ, , H,0
CH;—C=CH+3[0] ———
Propyne 298—303 K

; 0]
CH,;-C-COOH ——CH,COOH + CO,

|.| Acetic acid
Q
2-Oxopropanoic acid
KMno,, H,0
298—-303 K

But-2-yne
CH,—C — C-CH,
.
o 0O
Butane-2, 3=dione
(iZiacenyl)
Acetylene, however, under these conditions

gives oxalic acid probably due to further oxidation
of the initially formed glyoxal.

CH KMnO, H,0 | CH=0
n- 4+ zjol———m——1 |
CH 208—-3I K CH=0
g Ethane1, 2-dial
(Glyaral)
+ 20| COOH
WL o P |
(oxidation) COOH
FEthane-1, 2—divic acid
(Onalic acid)

During this reaction, the pink colour of the
KMnO, solution is discharged and a brown
precipitate of manganese diaxide is obtained. This
reaction is, therefore, used as a test for unsaturation
under the name Baeyer’s test.

\,Ag,’ﬂxiduﬂnn with hot KMnO, solution.
Like alkenes, terminal alkynes when treated
with hot KMnO, solution, undergo cleavage of the

C=C bond leading to the formation of carboxylic
acids and carbon dioxide depending upon the na-
ture of the alkyne. In general,

= CH is oxidised to CO, and H,0 and
= CR is oxidised to RCOOH

For example, acetylene gives CO, and H,O
while propyne gives acetic acid and CO;.

CH EMnQ, , KOH COOH
| e |
CH Im-383K COOH
Acetylene Omalic acid
0]
—> 2CO2 St Hz()
KMnO,, KOH
CH,~C=CH + 4[0]
Propyne 373-383K
CH,COOH + CO,
Ethanoic acid

In contrast, non-terminal alkynes on oxidation
with hot KMnO, solution give only carboxylic acids.
For example,

KMnO,, KOH
CH;—-C=C—-CHy +40] ———*
But—2-yne 373-383K

CH,COOH + HOOCCH,
Acetic acid (2 molecules)
CH,CH,—C=C—CH; + 4[0]
Pent—2-yne
KMnO,, KOH

————— CH,CH,COOH +HOOCCH,

173-383 K Ethanoic acid

Propanoic acid

Thus, by identifying the products formed during
ulkatine KMnO  oxidation, itis possible to determine

the position of the triple bond in an alkyne molecule.
4. Oxidation with ozone.
Alkynes react with ozone in presence of some
inert solvents such as CH,Cl,, CHCl; or CCly at

low temperature (196 —200 K) to form ozonides.
These ozonides on decomposition with Zn dust and
water or H,/Pd (reductive cleavage) give 1, 2-dicar-

bonyl compounds. For example,

0,/CH,Cl, 1T
HC=CH — HC CH
Ethyne 196-200 K | i
O Q)
Ethyne ozonide
y Zn/H, 0
: —_— H-C-C—H
~Zn0 Il
(reductive cleavage) OO0
1, 2—FEthanedial
(Glyoxal)

terminal alkenes and terminal alkynes.

* Alkenes and alkynes in which double and triple bond are present at the end of the carbon chains are respectively called
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0]
0,/CH,CI, 4 CH,
CH;—C = CH——— CH,;—- C—-CH
Propyne 196-200 K | l
O (6]
Propyne ozonide
Zn/H,0 CH, CH,
B CH3 —-C-C-H 1,3,5—Trimethylbenzene
i It (Mesitylene)
e o) 0 O (b) In presence of nickel cyanide as catalyst
2! and under high pressure, four molecules of
CLoSH.Cl, acetylene combine to form a tetramer called
CH;-C=C - CH3 cycloocta-1, 3, 5, 7-tetraene.
But-2-yne 196-200 K piaasy
O -
A Yo
CH,— (l: ; (13— CH; cH CH NI(CN),
' l gyt
4 O 0 CH CH High pressure
But—2-yne ozonide m
Zn/H,0
T ghepe CHJ_ﬁ_ﬁ_CH:‘ (ffclfmf,f CH=cH
(reductive cleavage) O O (4 molecules) / \1
CH CH

Butane-2, 3-dione
V. Polymerization Reactions of Alkynes

Like alkenes, alkynes also undergo
polymerization reactions. For example

{ijhcn acefylene is passed through red hot
iron tube, it trimerises to give benzene.

HC ¢

i
HC )/H;\%CH

Acetylene
(3 molecules)
Similarly, propyne trimerises under similar
conditions to form mesitylene (1, 3, S-trimethylben-
zene).

Fe tube

Benzene

CH,

|
C
HC’//\—/ CH

I ———
e (C
C/H3 \ ST \CH3

Propyne
(3 molecules)

Red hot

I I
CH

\ y /
CH=CH
Cyrloocta—1,3,5,7—tetracne

(c) However, in presence of CuCl/NH,CI,

acetylene first gives vinylacetylene and then
divinylacetylene. Thus,
CuClYNH,CI
2H-C=C-H —— H-C=C—-CH=CH,
Acetylene Vinylacetylene
HC = CH

H,C=CH-C=C-CH=CH,
Divinylacetylene
Vinylacetylene is widely used in the manufac-
ture of chloroprene which is the starting material
for the synthetic rubber neoprene.

CuCl/NH,Ci

Mark.
CH,=CH-C=CH + HCl —
Vinylacetylene addition

Ci

CH2=CH--('3=CH2
Chloroprene
(d) Under suitable conditions, polymerization
of acetylene produces the linear polymer
polyacetylene. It is a high molecular weight con-
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jugated polyene containing the repeating unit (-
CH = CH—CH = CH-),. Under proper condi-
tions, this materiat conducts ¢lectricity. Thin films
of polyacetylene can be used as electrodes in bat-
teries. Further since polyacetylenes have much
higher conductance that metal conductors, these
can be used to prepare lighter and cheapter bat-
teries.
V1. Isomerization of alkynes.

When alkynes are heated with NaNH, in an
inert solvent, they undergo isomerization, i.e., 2-
alkynes isomerize to 1- alkynes and vice versa.

NaNH, in

CH,C=CCH,
But-2-yne

CH,CH,C=CH
inert solvent, heat But-1-yne

NaNH, in

CH,CH,C=CH CH,C=CCH,
But-l-yne But-2-yne
15.8.9. Acidic character of Alkynes

Unlike alkanes and alkenes, the hydrogen
atoms attached to the triple bond of the alkynes, i.e.,
acetylenic hydrogens are acidic in nature. This is
shown by the following three reactions :

(i) Formation of aikalimetal acetylides. Ethyne
and other terminal alkynes (alkynes in which the
triple bond is at the end of the chain) or 1-alkynes
react with strong bases such as sodium metal at 475
K or sodamide in liquid ammonia at 196 K to form
sodium acetylides with evolution of H, gas.

inert solvent, heat

475K
2HC = CH +2Na—— 2CH=C" Na™ + H,

Ethyne Sodium acetylide
(Acemvlene)
Lig. NH,
R_C=CH + NaNH,
{A terminal allyne) 196 K
R—C=C~ Na*+ NH,
(An acetylide)

During these reactions, the acetylenic
hydrogen is removed as a proton to form stable
carbanions (acetylide ions).

Sodium acetylide is decomposed by water
regenerating acetylene, This shows that water is a
stronger acid than acetylene and thus displaces
acetylene from sodium acetylide.

HC = C” Nat +H,0 —— HC=CH+NaOH
Acetylenc

(if) Formation of heavy metal acetylides.
Acetylenic hydrogens of alkynes can also be
replaced by heavy metal ions such as Ag* and

Cu™ ions. For example, when treated with am-
moniacal silver nitrate solution (Tollens’ reagent),
alkynes form white precipitate of silver acetylides.
CH = CH + 2[Ag(NH;),]TOH"™
Ethyne Tollens' reagent
—— AgC=CAg + 2H,0 +4NH,
Silver acetylide

(White ppL)
R-C=CH + [Ag(NH,),]" OH™
(Terminal alkyne) Tollens’ reagent

——+ R-C=C - Ag+ H,0 + 2NH,

Stilver alkynide
(White ppt.)

Similarly, with ammoniacal cuprous chloride
solution, terminal alkynes form red ppt. of copper
acetylides.

HC = CH + 2[Cu(NH,),]* OH™ —
Ethyne
CuC=CCu + 2ZH,0+ 4NH,
Copper acetylide
(Red ppt.)
R — C=CH + [Cu(NH,),]* OH™ ——
{Tenninal alkyne)
R—C=C—Cu+ H,0+ 2NH,
Copper alkynide
(Red ppt.)

Unlike alkali metal acetylides, silver and cop-
per acetylides are not decomposed by water. They
can, however, be decomposed with dilute mineral
acids to regenerate the original alkynes.

AgC = CAg +2HNQ; ——HC = CH

Silver acetylide Acetylene
+2AgNO,

CuC = CCu +2HCl — HC = CH + 2CuCl

Copper acetylide Acetylene

(iii) Formation of alkynyl Grignard reagenis.
Acetylene and other terminal alkynes react with
Grignard reagents to form the corresponding
alkynyl Grignard reagents. For example,

Dry
HC=CH + RMgXx ——
Acetylenc Grignard reagent  cther
HC=CMgX+ RH
Acetylenic Alkane
Grignard reagent
Dry
R'—=C=CH +RMgX —
Terminal alkyne ether
R'—-C = CMgX + RH
Allomyl

Grignard reagent
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Alkynyl Grignard reagents like usuval Grig-
nard reagents can be used to prepare a variety of
organic compounds,

Importance. The formation of metal acetylides
can be used :

(i) for separation and purification of terminal
alkynes from non-terminal alkynes, alkanes and
alkenes.

(i) to distinguish terminal alkynes from non-
terminal atkynes or alkenes.

Cause of Acidity of Alkynes. The acidity of
alkynes can be explained in terms of the sp-
hybridization of a triply bonded carbon. We know
that an electron in an s-orbital is more tightly held
than in a p-orbital since s- electrons are closer to
the nucleus. Further, since an sp- orbital has more
s-character than an sp2-or an sp>-orbital, therefore,
the electrons in an sp-orbital are more strongly held
by the nucleus than electrons in an sp*- or a sp*-or-
bital. In other words, an sp- hybridized carbon is
more electronegative than sp?- or sp*-hybridized
carbon atom. Due to this greater electronegativity,
the electrons of C—H bond are displaced more

towards the carbon than towards the hydrogen
atom. In other words, the hydrogen atom is less
tightly held by the carbon and hence can be
removed as a proton (H*) by a strong base. Con-
sequently, alkynes behave as acids.

Further, since the s-character decreases as we
move from sp- to sp?- to sp3-carbon atoms, the
acidic character of hydrocarbons decreases in the
following order :

CH=CH > CH, = CH, > CH, — CH,
K,=107% K,=107% K, =107%
It may be noted here that hydrocarbons are

very weak acids as compared to
H,O (K, = 10714, alcohols

(K, =107~ 107"®)  and carboxylic acids
(K, = 10%). For example, ethync (acetylene) is
10?" times and ethane is about 10° times less acidic

than ethanoic acid.

Gt A R
e G v

NOWLEDGE |~
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Relative acidities of water, alcohols, acetylene, ammonia and alkanes can be determined as follows :
(a) NaNH, reacts with acetylene to form sodium acetylide and NH,. Since a stronger acid displaces a weaker
acid from its salts, therefore, acetylene is a stronger and than NH,

HC = CH + NaNH, — HC=C"Na™ + NH,

(stronger acid)

(weaker acid)

(b) Since lithium aikyls (RLi) react with ammonia to form alkanes, therefore, ammonia is a stronger acid than

a hydrocarbon (RH)
NH, +RLi —
(stronger acid)

R—H + LiNH,
(weaker acid)

(¢} Since H,O and alcohols decompose sodium acetylide to give back acetylene, therefore, water and alcohols

are stronger acids than acetylene
HC=C™Na™ + H,0
(stronger acid)
HC=C"Na* + ROH
(stronger acid)

~— HC = CH +NaOH
(weaker acid)

—+ HC=CH +RONa
(weaker acid)

() Since H,O decompases sodium alkoxides to form alcohols, therefore, water is a stronger acid than alcohols.

RONa+ H,0 —
(stronger acid)

ROH + NaOH

(weaker acid)

Combining all the facts stated above, the relative acidities of these compounds follow the order:
H,0 > ROH > HC = CH > NH, > RH

Conversely, the relative basicities follow the order: R~ » NH; >HC=C™ > RO™ > HO™

s o e B =

T —

M e L bt
AR kR S R e e R SR R
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15.8.10. Uses of Alkynes

(i) Acetylene and its derivatives are widely
used in synthetic organic chemistry for synthesis of
cis- and frans-alkenes, methyl ketones etc.

(ii) Oxyacetylene flame is used for cutting and
welding of metals.

(iii) Acetylene is used as illuminant in
hawker’s lamp and in light houses.

(iv} Acetylene is used for ripening of fruits and
vegetables.

(v) Acetylene is used for manufacture of ethyl
alcohol, acetaldehyde, acetic acid, vinyl plastics,
synthetic rubbers such as Buna N and synthetic
fibres such as Orlon.

PART—IV

DIENES

15.9. Dienes TSR

Unsaturated hydrocarbons containing two
double bonds are called alkadienes or simply
dienes. Their general formula is C, H;,_, and
hence they are isomeric with alkynes. However,
their properties are quite different from those of
alkyncs.

15.9.1. Classification of Dienes

Depending upon the relative positions of the
two double-bonds, dienes are classified into three
categories :

1. Isolated dienes. Dienes in which the two
double bonds are separated by more than one
single bond are called isolated dienes. For ex-
ample,

1 2 3 4 5
CH,=CH-CH, - CH=CH,
penta—1, 4—diene
1 2 3 4 5 6
CH,=CH-CH,--CH,~CH=CH,

Hexa—1, 5—diene

2. Conjugated dienes. Dienes in which the
two double bonds are separated by one single bond
or dienes which contain alternate single and
double bonds are called conjugated dienes. For
example,

1 2 3 4
CH,=CH-CH=CH,
Buta—1, 3—-diene
5 4 3 2 1
CH,—-CH=CH-CH=CH,
Penta—1, 3—diene
3. Allenes or cumulenes. Dienes containing the
cumulated system of double bonds, ie., double
bonds between successive carbon atoms are called
allenes or cumulenes. For example,

27 18
CH,=C=CH,
Propa—1, 2—diene
(Ailene)
Jlagaied 7 & 1 5
CH,CH=C=CH—CH,
Penta—2, 3—diene
(Dimethylallene)
15.9.2. Relative Stabilities of Dienes

Heats of hydrogenation can be used to
determine the relative stabilities of dienes. We
know that alkenes with similar structures have
approx. the same value of heat of hydrogenation.
For mono substituted alkenes (RCH=CH,), it is

approx. 125-4 kJ/mole, for disubstituted alkenes,
(RCH = CHR or R,C=CH,), it is about 117-1
ki/mole and for trisubstituted alkenes
(R;,C=CHR), it is about 1i2-9 kJ/mole. For a

compound having more than one double bond, it
is reasonable to expect a heat of hydrogenation
which is the sum of the heat of hydrogenation of
the individual double bonds. Let us consider, the
heats of hydrogenation of 1, 3-pentadiene (a con-
jugated diene) and 1, 4-pentadiene (an isolated
diene).

Ni
CH,=CHCH=CHCH; + 2H, —

Penta—1, 3—diene

CH,CH,CH,CH,CH; ;

n—FPentane
Found : AH = — 2262 kJ mol™!
Calculated : AH = (117-1 + 125-4)
= —242-5kJ mol™!
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Ni
CH,=CH-CH,CH=CH, + 2H, —
Penta—1, 4 —dicne
CH,CH,CH,CH,CH,
n—~Pentane
Found : AH = — 254-2 ki mol ™!
Caiculated : AH = — 2 %X 125-4
= ~ 250-8 kJ mol™!
Both these dienes give the same alkane, i.e.,n-
pentanc or hydrogenation but their heats of
hydrogenation are different, penta-1, 3-diene evol-
ves about 28 kI per mole of heat less than penta-1,
4-diene. This suggests that the conjugated diene,
penta-1, 3-diene contains less energy than the iso-
lated diene, penta-1,4-diene. In other words, penta-
1, 3-diene is more stable than penta-1, 4-diene by
about 28 klfmole. Similarly, the observed heat of
hydrogenation of buta-1, 3-diene is about 12-5
kJ/mole less than the calculated value.

Similar studies with other dienes suggest that

conjugated dienes are more stable than the isolated
dienes.

C -
7 0, {)
? Q\ 3 4¢/H
; t‘*‘t?hv/ \“H
() B
g
<52

c

--!-:H-an‘\

Bt ] c

In contrast, allenes or 1, 2-alkadienes are far
less stable than 1, 3 or 1, 4-alkadienes. For example,
heat of hydrogenation of 1, 2-propadiene is 298-3
kJ mol™! as compared to 226-2 kJ mol ™! for 1,
3-pentadicne and 250-8 kI mol™! for 1, 4-pen-
tadiene. Thus, in general, the stability of alkadienes
follows the order :

Conjugated dienes > [Isolated dienes >
Cumulated dienes.

Explanation for greater stability of con-
Jugated dienes. The extra stability of conjugated
dienes over isolated dienes can be explained in
terms of (i) orbital structure and (i) resonance
theory.

(i) Orbital structure. Consider buta-1, 3-
dienc as a typical example of a conjugated diene.
1 2 S—
CH,=CH-CH=CH,
Buta—1, 3—diene

Each carbon atom in buta-1, 3-diene is sp*-
hybridized and forms three o-bonds. Each terminal

w7 :
zp====zk=a 3 AL
b o B
———— (d) — mE====k:
—,
o messeges

C.

(e) % ;ﬁgw_ e

FIGURE 15.19. Orbital picture of buta-1, 3-diene.
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carbon atom (C, and C,) forms two sp*- 5, C-H,

a-bonds and one sp?-sp?, C-C, o-bond but each of
the middle carbon atoms (C, and ;) forms two
sp*- sp2, C-C, o-bonds and one sp?- 5, C-H bond.
As a result, each carbon is now left with an un-
hybridized p-orbital (Fig. 15.19 @). The sideways
overlapping of the two p-orbitals on C; and C, and
those on C, and C, form two localized z-orbitals
(Fig. 15.19 b).

Now if all the four carbon atoms and the six
hydrogen atoms lie in the same plane, then there
can also be a certain degree of overlap between the
p-orbitals on C, and C; (Fig. 15.19 ¢). Thus, the 7-
electrons can move to a limited extent over all the
four carbon atoms (Fig. 15.19 d). In other words,
the m- electrons of buta-1, 3-diene are somewhat
delocalized as shown in Fig. 15.19 e. This delocaliza-
tion of n-electrons imparts extra stability to buta-1,
3-diene and other conjugated dienes since each pair
of n-electrons is attracted by four rather than two
carbon atoms. On the other hand, inisolated dienes
(Fig. 15.19f), each pair of z-electrons is attracted
by only two carbon atoms, ie., there is no
delocalization of z-electrons.

FIGURE 15.19f. The n-electrons of the two double
bonds in penta-1, 4-dlene are localized in two
individual double bonds (i.e. C1-Cy and C4—Cs)
and thus are not delocalized over the entire molecule.

(if) Resonance theory. Buta-1, 3-dienc can be
regarded a as resonance hybrid of the following
structures :

I

+ = - +

CH, - CH=CH-CH, «+ CH,~CH=CH—-CH,
II m

Due to the contributions of structures (Il and

M), it is expected that C,—C, and C;—C, double

bonds of butadiene should have some single bond

1, 4~ Dibromo but—2—ene

character and C,—C, single bond should have

some double bond character, This has indeed been
found to be so. The C;—C, and C,—C, double

bonds of butadiene are slightly longer (140 pm) as
compared to the typical carbon-carbon double
bond length of 134 pm in ethylene. Similarly,
C,—C, single bond of butadiene is slightly shorter
(146 pm) as compared to the typical carbon-carbon
single bond length of 154 pm in ethane.

15.9.3. Chemical Reactions of Dlenes

The chemical reactions of isolated dienes are
exactly similar to those of simple alkenes since two
double bonds react independently as if they werc
present in different molecules. However, the
chemical properties of conjugated dienes are
somewhat modified due to the mutual interaction
of the two double bonds. Some of the important
chemical reactions of conjugated dienes are dis-
cussed below with particular reference to 1, 3-
butadicne.

1. Electrophile addition to conjugated dienes.
(i) Addition of halogens. Conjugated dienes such
as 1, 3-butadiene, when treated with 1 mole of
bromine give a mixture of I, 2-and 1, 4-addition
products. Very often, 1, 4-addition product is the
major one. Thus,

1 2 3 4
Buta—1, 3—diene

Br \L Br

Br,

Br Br \L
|

| ! I

CH,—~CH=CH-CH, CH,-CH-CH=CH,

4 3 2 1 4 3 2 1

3, 4—Dibromo but—1—ene
(7, 2—addition product)

(1, 4—addition product)

Mechanism. Like the addition of bromine to
simple alkenes, addition of bromine to buta-1, 3-
diene also occurs by a two-step mechanism :

Step 1. In the first step, the bromonium ion,
Br* (electrophile) adds to the terminal carbon atom
of buta-1, 3-diene forming the more stable 2° car-
bocation. Addition to second carbon simply does
not occur since it gives the less stable 1° carboca-
tion.
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[CH2=CH—CHéC/HZ+\Brﬁ3r —

1, 3—Butadicne

o+
CH,=CH—CH—CH,Br + Br“]
¥

This intermediate carbocation is allylic in na-
ture and hence can be regarded as a resonance
hybrid of two equivalent structures (T and II) :

+
CHZQH— CH-CH,Br «—>
4 3 2 1

+
CH,~CH=CH— CH,Br
4 3 2 I

11

+

= CH;="CH=CH ~ CH,Br
Resonance hybrid

Step 2. Since in the resonance hybrid, the
positive charge is almost equally distributed bet-
ween carbon atoms as indicated in I and II, the
attack of bromide ion can occur on either of these.
If the attack occurs on C,, 1, 2-addition product
results and if it oceurs on C,, 1, 4-addition product

1s formed as shown below :

1 T = ), anish
Br~ + CHy = CH-CH-CH,;Br —
4 3 2 1
1 Br BPEr

—
CH, = CH-CH-CH,
1, 2- Addition product

at
Br~ + CH,—CH=CH-CH,Br—
4 3 2 i
il

Br Br

|
CH,-CH=CH-CH,

1, 4— Addition product

Peroxides

CH,=CH - CH=CH, + Br—CCl,

Buta—1, 3—diene Bromotri—

chloromethane

(ii) Addition of halogen acids. Like halogens,
halogen acids (HCI, HBr and HI) also react with
buta-1, 3-dicne to give a mixturc of 1, 2-and 1,
4-addition products :
CH,=CH—CH=CH,+HBr —

Buta—1, 3—dienc
H Br H Br

CH,-CH—-CH=CH, + CH,~CH=CH-CH,
3—-Bromo—1—butene 1-Bromo—2—butene
(1, 2-Addition) (1, 4—Addition)
Mechanism. Mechanism of addition of HBr
to 1, 3-butadiene is similar to that of the addition of
Br, as discussed above.

Step 1. HBr — H* + Br~

/T N Slow
CH,=CH-CH=CH, +H* —
1, 3~BUTADIENE

+ +
CHf@- CH - CHy+—CH,~CH=CH-CH,
I I

T Tk Fast
Step2. Br + CH,=CH-CH-CH; —

Br

I
CH,=CH - CH—CH,

g Fast
Br~ + CH,—CH=CH-CH; —
It
Br—-CH,-CH=CH-CH,
2. Free radical additions. Like electrophilic
additions, conjugated dienes also undergo free

radical addition reactions to give a mixture of 1, 2-
and 1, 4-addition products. For example,

Br
Rl Tt | 2 1
— Cl,C—CH,—CH-CH=CH,
3-Bromo—5, 5, 5—trichloropent—1—ene
(1, 2— Addition)

5 4 3 A |

—s Cl,C—CH,—CH=CHCH,Br
1—Bromo—35, 5, 5—trichloro

pent—2—ene (I, 4~ Addition)
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Mechanlsm. The reaction 1s believed to occur

by a free radical mechanism by the following steps :

Benzoyl peroxide
CO-0 — CHs + CO,

Pheny!
radical

A
CﬁHS FY
Benzoyl radical

if) C.H + Br!cCl, —s
(if) C4Hs g\ﬂls

Bromolri—
chloromethane
CiH,—Br +  CCL
Bromo— Trichloromethyl
benzene radical

Step 2. The CCI_,, radical thus produced adds

to buta-1, 3-diene. The addition to one of the ter-
minal carbon atoms is preferred since it yields the
resonance stabilized allyl radical.

A

CH,=CH - CHCH,
I

!

CH,—CH=CH—CH,—CCl,
Il

~cal,

Step 3. The allyl radical formed in step 2 then
abstracts a bromine atom from BrCCl, to complete

the addition. In doing so, it generates a new - CCl,

radical which propagates the chain. If the addition
occurs at C,, 1, 2-addition product results and if the

addition occurs at C,, 1, 4-addition product is
formed.

CH,=CH - CH—CH,CCl, + '1;1'\—((\;‘!03—-
l .
Br

|

CH,=CH - CHCH,CCl, + -CCl,

3—Bromo—4-—trichloromethyl—

but—1-—ene

3. Diels-Alder reaction-[4 + 2]-Cycloaddi-
tion reactions. One of the most important reactions
of conjugated dienes is the Diels-Alder reaction. It
involves the concerted addition of a diene (4-
electron system) to a dienophile (2r- electron sys-
tem) to form a six-membered cyclic alkene.
Dienophiles are usually ethylenic or acetylenic

compounds containing electron-withdrawing
groups. In other words, dienophiles are a, §-un-
saturated acids, esters, anhydrides, aldehydes,
ketones, nitriles and nitro compounds.

These reactions are also commonly referred
to as [4 + 2]-cycloaddition reactions since they
involve the addition of a 47- electron system to a
27-electron system. Dicls-Alder reactions normally
do not require any catalysts and generally occur on
heating. Thus,

CH,

f _,_,-'ﬂ 5 5]
& “"* EX 6
c?{) T CHO
Prop—2—en—1-al Cyciohex-B ene—
(Acrolein) 1—carbaldehyde

Bula— 13 diene

CH,
/
\\h-_.._.yCH-, & T

H CN "CN
Prop=2=—ene— Cyclohex—3—
=1=nitrile ene=i=
(Acrvlonitrile) carbonitrile

Buta=1,3= |.i||:nr.
4, Reduction. Catalytic hydrogenation of con-
jugated dienes gives a mixture of 1, 2- and 1, 4-ad-
dition products with the 1, 4- addition product
predominating.
Hy/Ni
CH,=CH-CH=CH, ——
Buta—1, 3—dicne
H H

==l
CH,—CH—CH=CH,

But—1—ene (minor)

H H
| |
+ CH,-CH=CH-CH,
But—2—ene (major)
However, the chemical reduction of 1, 3-
butadiene with sodium/alcohol gives mainly the 1,
4-addition product, i.e., but-2-ene.

Na/alcohol

CH,=CH—CH=CH,
1, 3—Butadiene
CH,—CH=CH—CH,

But—2-—cne
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Under these conditions the isolated double
bonds are not reduced. This suggests that dienes
are much more reactive than simple alkenes.

5. Polymerization. Like substituted alkenes,
conjugated dienes also undergo free radical
polymerization reactions.

It generally occurs by 1, 4-addition and is
carried out is presence of peroxides. For example,

Peroxides
n CH,=CH-CH=CH; ———
Buta—1, 3—diene
(—CH;—~CH=CH-CH,-),
Polybutadiene

Since each repeating unit in polybutadiene
contains a double bond, it may have either cis or
trans-configuration. Actually the polybutadiene
polymer obtained by free-radical polymerisation
has trans-configuration.

Similarly substituted dienes also undergo free
radical polymerization mostly by 1, 4-addition
giving mainly the all trans-polymer. For example,

CH,
I Peraxides
CH,=C—CH=CH, ———
2—Methylbuta—1, 3—diene
(Isuprenc)

Major product
All frans = polyisoprene
(Gutra percha)

Like isoprene, chloroprene can also be
polymerized under free radical conditions to give
neoprene.

Cl
| Peroxides
CH SO CHEEH,  ———b
2—Chlorobuta—1, 3~diene
(Chloroprene)

Ct

|
C=CH- CH,-

n

—CH,—

Polychloroprene
{Neoprene)

Neoprene is an important substitute for
natural rubber and is svperior to natural rubber in
being more resistant to oil, gasoline and other or-
ganic solvents.

PART—V
ARENES

15.10. Aromatic Hydrocarbons or Arenes s

Hydrocarbons and their alkyl, alkenyl and
alkynyl derivatives which contain one or more ben-
zene rings either fused or isolated in their molecules
are called aromatic hydrocarbons. They are also
called arenes (aromatic alkenes). Further, since
these compounds resemble benzene in almost all of
their properties, they are also called benzenoid
compounds.

15.10.1. Classification and Nomenclature of
Arenes

Arenes are further classified into different
series depending upon the number of fused ben-
zene rings present in their molecules. Their general
formula is C, H,,_,, where n is the number of
carbon atoms and m is the number of rings. For
monocyclic arenes, m = 1 and n = 6, or more.
Examples are :

CH,
Benzene
Methylbenzene
(Torluene)

CH, CH,
CH,

1, 2-Dimethyl— 1, 3=Dimethylbenzene
benzene (rn —Xylene)
(o—Xylme)
CH,CH; CH,—CH-CH,

@@@

Ethylbenzene [sopropylbenzene

(Cumnene)
Ik 4—D|methylbenzene

(p—Xylene)

For bicyclic arcnes,n = 10 andm = 2. The
first member of this series is the well known naph-
thalene which is used in the form of moth balls as a
moth repellent for clothes. For tricyclicarenes,n =
14 and m = 3. The first member of this series is
anthracenc or phenanthrene,
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Besides, the three dimethylbenzenes, the
fourth isomer, cthylbenzene is also known.
Maphthale 7 ~
aphthalene Anthracene CH,CH,
Phenanthrene

Some arenes may contain two or more iso-
lated rings. For example,

(o)t

Diphenyl
ar Biphenyl

Diphenylmethane

0

o

15.10.2. Isomerism in arenes
Arenes show position isomerism as discussed
below :

Benzene is asymmetrical molecule. Therefore, the
replacement of one hydrogen atom of benzene by any
substituent will give only a single product. Thus, morno-
substitution produicts of benzene do not show isomensm.
However, when two hydrogen atoms of benzene ring are
replaced by twa same or different substituents, three
isomers are possible which differ in the position of
substituents, Thus, di-substitution proditcts of benzene
s/-owposition isomerism. These three isomers are called
ortho (0—), meta {(m—) and para (p— ) according as
the relative positions of the two substituents are 1, 2; 1,
3-and 1,4-respectively. Thus, the three position isomers
of dimethylbenzene or xylene are :

CH

3
1 CH,4
3

1,2—Dimethylbenzene
or 0 —Dimethylbenzene
or o—Xylene

CH,

1
2
PENGH,

1,3—Dimethylbenzene
or m—Dimethylbenzene
or m—Xylene

CH,
1
2

4
CH,
1, 4-Dimethylbenzene
or p-Dimethylbenzene or p—Xylene

Ethylbenzene

Similarly three position isomers of trimethyl-

benzene are
CH,
Y » CH,

3™ CH, h

1,2, 3-Trimethylbenzene 1, 2, 4—Trimethylbenzene

CH,
1

HLC7° ™~ £ S Ch
1, 3, 5—Trimethylbenzene
(Mesitylene)
If the number of substituents increases in the ben-
zene ring, the number of position isomers also goes up.
In case of bicyclic arenes such as naphthalene,
even monosubstituted compounds show position
isomerism. For example,

CH,
) L e,
I e

1-Methylnaphthalene 2-Methylnaphthalene

With higher arenes, the number of possible posi-
tion isomers also increases. Triphenylmethane

15.10.3. Source of Aromatic Hydrocarbons

Coal and petrolenm are the two major sources
of aromatic hydrocarbons. Uptil 1950, coal was the
only source of aromatic hydrocarbons but these
days aromatic hydrocarbons are mostly obtained
from petroleum.

1. Aromatic hydrocarbons from coal

Aromatic hydrocarbons are obtained by
destructive distillation of coal.

Destructive distillation of coal. When coal is
subjected to destructive distillation, i.e., heated to
1270— 1675 K in the absence of air, it decomposes
to give a number of products as shown in the Flow
Chart (Fig. 15.20).
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COAL
Heated to 1270—- 1675 K
(Destructive distillation)
Coke Hot vapours and gases
(Solid residue), nearly 70% (Cooled and passed through water)
Condensed liquid is allowed to Coal gas
stand and the two Ialvr.rs formed are (mainly contains low molecular
mass alkanes and alkenes)
Ammoniacal liguor Coal tar

(Upper layer), nearly 8— 10%

(i) Coke, It is the solid residue left after the
distillation. It is mainly used as a fuel and as a
reducing agent in metallurgy.

(ii} Coal gas. It mainly consists of low mole-

cular mass alkanes and alkenes. It is used as a
fuel.

(iii) Ammoniacal liquor. It is a solution of
ammonia in water and is removed by absorbing in

FIGURE 15.20. Flow chart of destructive distlltion of coal,

(Lower layer), nearly 4— 5%

a suitable mineral acid like dil. H,SO,. The ammo-
nium sulphate thus produced is used as a ferfilizer.
(iv) Coal tar*, It is a thick black viscous liquid
with a disagreeable smell. It is a rich source of
aromatic hydrocarbons (arenes) such as benze ne,
toluene, 1, 2-, 1, 3- and 1, 4-dimethylbenzenes
(xylenes),  naphthalene,  anthracene  and
phenanthrene. These are obtained by fractional dis-
tillation of coal tar into a number of fractions (Table
15.3) followed by further work up of each fraction.

TABLE 15.3. Fractions of coal tar distillation

NAME OF THE FRACTION | TEMPERATURE MAJOR COMPONENTS
RANGE {IN K} A :

1. Light oil Upto443 Benzene, toluene, xylencs

2. Middle oil or Carbolic oil 443—503 Phenol, naphthalene, pyridine

3. Heavy oil or Creosote oil 503—543 Methy! and higher alkyl phenols, naphthalene,
naphthols, etc.

4. Green oil or Anthracene oil 543—633 Anthracene, phenanthrene

5. Pitch (Left as residue) Non- volatile 92—94% carbon (used for making
black paints, varnish for wood and
for water-proofing).

2. Aromatic hydrocarbons from petroleum.
Crude naphtha is a fraction of petroleum refining with
boiling range 303-343K and contains straight chain
alkanes from Cg—C,,. This upon further fractiona-
tion gives a fraction called petroleum ether which
contains straight chain alkanes from six to eight carb-

on atoms. It is subjected to reforming to obtain
aromatic hydrocarbons, Reforming may be defined as
@ process which convents straight chain alkanes or
cycloalkanes into  the ding aromatic
hydrocarbons (arenes) under suitable conditions.

*At one time, coal tar was considered to be a nuisance sinee it could not be put to any practical use, Further, because of its
disagreeable smell, its disposal was a problem. Later on, it was used for metalling of roads,
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In this process alkanes containing six to eight
carbon atoms are heated at about 670K in presence
of palladium, platinum or nickel as catalyst. During
the reforming process, the alkanes first undergo

cyclisation and  then aromatization  or
dehydrogenation. For example,
CH,4 CH,
o i)
THE CH;4 8§71 K. Pt CH, f.'l_sz
CH, CH, Cyclization (-Hp CH, CH;
S /
CH, CH,
n—Hexane Cyclohexane
873K, Pt.
1
. _/_."' Dehydrogenation @
q or Aromatization Benzene
LL# (-3Hy
CH;
|
CH, CH,4 §7IK. P,
| | A
CH, CH, Cyclization
‘\.\ (—=Hy) Methyl cyclohexane
CH,
r—Heptane CH,
- _1.
1 BTAK Pt
=
L o Dehydrogenation
or Aromatization ~ Toluene
(-3H,)

In a similar way, n-octane gives xylenes.

Platinum is the best catalyst for this process,
therefore, reforming is also calied plat forming.

The main objectives of reforming are : (7) to
increase the quality of gasoline since aromatic
hydrocarbons are better fuels than aliphatic
hydrocarbons and (i) for manufacture of aromatic
hydrocarbons such as benzene, toluene, xylenes eic.
from alkanes and cycloalkanes.

15.10.4. Structure of benzene

The molecular formula of benzene is C¢Hg
which implies that it has eight hydrogen atoms less
than the corresponding saturated alkane, Qe
CgH,, (hexane). Thus, benzene should be a highly

unsaturated compound. This is supported by the
following two observations :

(i) Benzene adds three molecules of hydrogen
in presence of Raney nickel or platinum as catalyst
at 473 — 523 K to form cyclohexane.

Raney Ni
C¢Hg + 3H, CsHyp
Benzene 473-523K  Cyclohexane
(i) fn presence of sunlight and in absence of
a halogen carrier, benzene adds three molecules of
chlorine to form benzene hexachloride (BHC).
Suntight
Benzene Benzene hexachloride
In spite of the presence of three double bonds,
benzene behaves like a saturated compound as
supported by the following two facts :

(i) Benzene undergoes substitution rather than
addition reactions. Although benzene is expected to
be highly unsaturated yet it does not undergo addition
reactions so typical of unsaturated hydrocarbons such
as alkenes and alkynes. For example, it does not
decolourize bromine in carbon tetrachloride solution.
Instead, it undergoes substitution reactions which are
characteristic of saturated compounds. For example,
when treated with Br, in presence of a trace of

FeBr,, benzene forms monobromobenzene.

Br,
—_—
CsHg CgH¢Bry
Benzene CCly Not formed
(Addition product)
BTZ
Benzene  FeBr Bromobenzene
(Substitution product)

(ii) Benzene is resistant to oxidation. Unlike
alkenes and alkynes, benzene is only slowly oxidised
to CO, and H,0 even with powerful oxidising

agents such as chromic acid, potassium perman-
ganate etc. Thus, benzene resists axidation like
saturated compounds.

Kekule structure. The first insight into the
structure of benzene was given by Friedrich August
Kekule (1865). He proposed that the six carbon
atoms of benzene are joined to each other by alter-
nate single and double bonds to form a hexagonal
ring as shown in Fig. 15.21. Each carbon is further
connected to a hydrogen atom.

Besides Kekule, the following other altcrna-
tive structures were proposed for benzene from
time to time by different scientists, but all these
were rejected on one ground or the other.

D B

Dewar (1867)  Claus (1867) Bacyer (1892)
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- S
|
He /C\C/H

~C / .
H
H \C /
I
H
F[G.L.fﬁ.].i.:l.ﬁ..?l_.. Kelule sh'l.u:“tl.:rer of benzene. :

Obj.ect.i;ni.s"to Kekule siructure. There are
three objections to Kekule structure.

() Why is it that benzene shows remarkable
stability towards oxidising agents like KMnO, and
undergoes substitution reactions even though it con-
tains three double bonds ?

(ii) Kekule formula for benzene contains two
kinds of bonds, i.e., single and double bonds. But X-ray
diffraction studies have shown that the structure of
benzene is a regular hexagon with an angle of 120° and
all the carbon-carbon bond lengths are equal, ie.
1+39 A or 139 pm which lie in between carbon-carbon
single bond length of 1-54 A or 154 pm and carbon-
carbon double bond length of 1-34 A or 134 pm.

(i) Kekule structure would predict only one

maonosubstitution product and twe o-disubstituted
products (a and b) as shown in Fig. 15.22.

Cl
Cl cl

2] o

. . FIGURE 15.22. Kelule isomers

i of odichlorobenzene. e
In structure (a), there is a double bond be-
tween the two carbon atoms carrying chlorine
atoms but in structure (b) there is a single bond. If
Kekule structures were correct, both these isomers
should exist and should have different properties.
But only one o- dichlorobenzene is known. To ac-

@,CA Q/Gr
o o

'FIGURE 15.23. Dynamic equilibrium between
two Kekule isomers of o-dichlorobenzene.

" P

count for this, Kekule proposed a dynamic equi-
librium between the two structures as shown in Fig,
15.23.

In other words, positions of single and double
bonds are not fixed but oscillate back and fourth
between adjacent positions.

Thus, Kekule structure failed to account for
the unusual stability of benzene and the
equivalence of all the carbon-carbon bond Iengths
in benzene. However, these can be easily explained
in terms of molecular orbital and resonance
theories of benzene as discussed below :

Molecular orbital structure of benzene. Since
all the bond angles in benzene are 120°, therefore,
all the carbon atoms of benzene are assumed to be
sp?-hybridized. Each carbon atom forms two C — C,
a-bonds with the neighbouring carbon atoms and
one C—H, o-bond with a hydrogen atom. Thus, in
all there are six C—C, o-bonds and six C—H, o-
bonds which all lic in one plane and the angle
between any two adjacent o-bonds is 120° (Fig,
15.24)

o [ ]
7
Wy is
ﬁ (a7
C
1s o)

: -24. 5-Bond skeleton of benzene.

Each carbon is now left with an unhybridized
p-orbital. These six unhybridized p-orbitals have
one electron each and are not only parallel to one
another but are also perpendicular to the plane of
o-bonded carbon skeleton. Further, any two p-or-
bitals on adjacent carbon atoms are close enough
for a sideways overlap to form #-honds.

Now there are two equally good ways in which
the p-orbitals on adjacent carbon atoms can overlap
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to form three m-bonds as shown in Fig. 15.25 (@} and
15.25 (b).

FIGURE 15.25. Two passible sideways overlap of six

Further, due to delocalization of electrons,
benzene is now a days shown by a circle within
the hexagon (Fig. 15.27).
Whereasthe hexagonrep-
resents the six carbon
atoms, the circle repre-
sents the six completely
delocalisedn-electrons.

It may be noted here
that it is this delocaliza-
tion of - electrons which
makes it more stable than
the hypothetical cyclo-
hexatriene molecule
(Kekule structure).

unhybridized p-orbitals to form three n-bonds.

In fact, each 2p-orbital overlaps equally well
with 2p-orbitals on adjacent carbon atoms on either
side to form two doughnut shaped z-electron
clouds ; one of which lies above and other below the
plane of carbon and hydrogen atoms as shown in
Fig. 15.26.

FIGURE 15.26. n-Electron clouds lying ahove and
below the plane of the benzene ring.

Thus, two p-orbitals are not confined to a single 7-
bond between two carbon atoms as was the case with
two structures as shown in Fig. 15.25 but are involved
in the formation of more than one zz-bond. This par-
ticipation of m-electrons in more than one bond is called
delocalization of electrons. These delocalized
electrons are equally atiracted by all the six carbon
atoms of the benzene ring. As a result, a/l the carbon-
carbon bond lengths in benzene are equal, all the carbon-
hydrogen bonds are equivalent, its dipole moment is zero
and does not show the type of isomerism shown in Fig
15.26.

FIGURE 15.27. Modern picture
of benzene molecule.

15.10.5. Resonance

H The phenomenon of
resonance is said to occur if
for a molecule, we can write
two or more than two Lewis
structures which differ in the

H position of electrons and not
in the relative position of
atoms. The various Lewis
structures are called canoni-
cal structures or the

H resonance structures. The
reql structure of the molecule
is not represented by any one
of the canonical structures
but is a resonance hybrid of
the various resonarnce stnic-

tures. The various resonance structures are separated

by a double headed {(+—-) arrow. This arrow should
be clearly distinguished from that used for an equi-
librium ( = ).

In the light of resonance theory, benzene can

be represcnted as a resonance hybrid of the follow-
ing two Kekule structures.

C—9Q - 0

A (B) ©
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Thus, these two structures are the canonical
forms of benzene. The actual structure of benzene
is neither represented by ‘A’ nor by ‘B’ but is «
resonance hybrid of these two structures. Further
since these two canonical forms are of equal energy
so they contribute equally (50%) towards the
resonance hybrid. In other words, structure of the
resonance hybrid is in between these two Kekule
structures. This means that any two adjacent carb-
on atoms of the benzene molecule are neither
joined by a pure single bond nor by a pure double
bond. As a result, all the carbon-carbon bond
lengths are equal, ie., 1-:39 A (139 pm) and lie in
between C = C bond length of 1-34 A (134 pm)
and C—C bond length of 1-54 A (154 pm). The
resonance hybrid or the actual molecule of benzene
is usuvally represented by the formula ‘C’.

Further, a resonance hybrid is always more
stable than any of its canonical structures. Thus, the
actual molecule of benzene is more stable than
either of the two Kekule structures. The magnitude
of stability conferred on a molecule as a result of
resonance is expressed in terms of resonance ener-
gy or delocalization energy. It is defined as the
difference in intemal energy of the resonance hybrid
and that of the most stable canonical form. In case
of benzene, this resonance energy has been deter-
mined to be 150-62 ki (360 keal) mol ™!,

15.10.6. Calculation of resonance energy

The resonance energy of benzene can be cal-
culated from heat of hydrogenation data,

Heat of hydrogenation is the amount of heat
evolved when one mole of an unsaturated compound
is hydrogenated (in presence of a catalyst).

When benzene is fully hydrogenated, it gives
cyclohexane and 208-36 kJ (49-8 kcal) mol ™! of
heat is evolved. On the other hand, cyclohexene
having a six- membered ring and one double bond
when hydrogenated gives cyclohexane and 11966
kJ (286 kcal) mol ™! of heat is evolved. If the three
double bonds of benzene did not interact or if there
were no resonance (as would be the case in the
hypothetical cyclohexatriene molecule with three
non-intreacting double bonds in a six-membered
ring) then three times the heat of hydrogenation of
cyclohexene, i.e., 11966 x 3 = 358-98 kJ (85-8
keal) mol™! would have been evolved,

Caralyst
hufgen i Tl

Cyclohexene Cyclohexane

AH = - 119-66 kJ mol ™!

Catalyst
r——

@ + 3H,

Cyclohexatrienc Cyclohexane
(hypothetical)
AH = — 358-98 kJ mol !
Catalyst
+3H, ——
Benzene Cyclohexane

AH = — 20836 kJ mol ™!

Thus, the actual molecule of benzene is
358-98 — 20836 = 150-62 ki (36-0 kcal) mol ™1
more stable than the hypothetical cyclohexatriene
molecule. In other words, 150-62 kJ (360 kcal)
mol~1js the resonance energy of benzene.

15.10.7. Concept of Aromaticity— Huckel
Rule.

Huckel, on the basis of molecular orbital
theary, has predicted that electrons in cyclic con-
jugated polyenes (cyclic polyenes having alternate
single and double bonds) containing (4n + 2) x-
electrons wheren = 0, 1,2, 3...etc. are completely
delocalized. This makes these molecules par-
ticularly stable. All such compounds are called
aromatic compounds and have chemical proper-
ties altogether different from other cyclic un-
saturated compounds which do not contain
(4n + 2) 7- electrons.

Thus, the necessary and sufficient conditions
for a molecule to be aromatic arc :

() It should have a cyclic cloud of delocalized
m-electrons above and below the plane of the
molecule.

(i) It should be planar. This is due to the
reason that complete delocalization of z-electrons
is possible only if the ring is planar to allow cyclic
overlap of p-orbitals. |

(i) 1t should contain (4n + 2) m-electrons
wheren = (0,1, 2, 3...etc.

A molecule which does not satisfy any one or
more of the above conditions is said to be non-
aromatic,

Applications of Huckel rule, In the light of the
above rules, any planar cyclic system containing 2, 6,
10, 14, I8...etc. n-electrons and having a single cyclic
n-electron cloud encompassing all the carbon atoms
in the ring is aromatic. Let us now test the validity
of these rules :
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(i) Monocyclic systems : © B .
+ e ATy gl

Cyclooctatetraenyl dianion (planar, 10x-electrons spread

Cyclopropenyl Cyclopropenyl over the entire ring, aromatic )
cation (planar, anion (planar,
L —electrans, 4a-electrons, (if) Polyeyclic compounds. Huckel rule can
Ry not aromatic) also explain the aromaticity of polycyclic com-
H pounds. For example, naphthalene which contains
+ o 10 m-electrons (n = 2), anthracenc and
phenanthrene each containing 14 z-electrons (n=
3) are all aromatic.
(iii) Heterocyclic compounds. Heterocyclic
Cyclopentadienyl Cyclopentadienyl compounds such as pyridine, furan, thiophene and
cation (planar, anion (planar, pyrrole are all aromatic since each one of them is
4x—electrons, o-electrons, planar and has a cyclic system of 6 m-electrons
non aromatic) aromatic) which is completely delocalized over the entire
ring.
H H
Cycloheptatriene (non planar, Ga-electrons Pyridine Furan

but not spread over the entire ring, not aromatic)
H || || I| . |]
+ i N
= H
Thiophene Pyrrole

In pyridine, each of the five sp*-hybridized

Cycloheptatrieny! cation or Tropylium cation carbon atoms and the sp*-hybridized nitrogen atom
(planar, 6x-lectrons spread over the entire has a p-orbital perpendicular to the plane of the
ring, aromatic) ring. Each of these atoms contributes one -
Tl electron thereby producing a single cyclic -cloud
: containing 6 t-electrons, The lone pair of electrons
on the nitrogen atom is present in a sp*-orbital
- which being in the plane of the ring does not con-

tribute towards the aromatic sextet.

CydocPé?;'ligigagﬁnag""z:g"“" 8- In contrast, in case of furan, thiophene and
' = pyrrole, one of the two lone pairs® of electrons on

the sp®-hybridized heteroatom (0, § or N) is
present in a p-orbital perpendicular to the plane of
the ring. Consequently,it contributes two -
electrons while the other four p-orbitals of the two

Cyclooctatetraene (non-planar, 8x- double bonds contribute one x-electron cach
electrons, not aromatic) thereby bringing the total to sixz-electrons. Thus,

*The other lone pair of electrons on the spz-hybridized heteroatom lies within the plane of the ring and hence does not
contribute towards the aromalic sextet.
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all the three five-membered heterocycles {furan,
thiophene and pyrrole) have a single cyclic electronic
cloud containing Gn-electrons and hence are
aromatic in charactere.

4. Annulenes. Completely conjugated
moanocyclic polyenes contianing an even niimber of
carbon atoms are called annulenes, Their general
formula is (CH = CH), wheren = 2, 3, 4. etc.

They are named by indicating the number of
carbon atoms in the ring enclosed in square brack-
cts before the root word annulene., Thus,

L] O O

[4]-Annulene [6]-Annulene  [8]-Annulene
(Cyclobutadiene)  (Benzene) {Cycloctatetraene)

EXAMPLE 1.7, Preduct which of the following
systems would be aromatic and why ? (N.C.E.R.T)

(LX) 17
Natare

Ans. Compound (f) contains (4n +2)x
clectrons where n 2, ie, it contains
5% 2 = 10 n-electrons and hence according to
Huckel rule, it is aromatic.

Compound (iif) is also aromatic since it con-
Lains two benzene rings each one of which contains
(4n + 2) n- electrons withn = 1,ie, 3% 2=6
electrons,

Compound (i) isa4 n n (n = 1) electron S5ys-
tem and hence is an antiaromatic compound.

Although compound (iv) contains 6 -
electrons, i.e. (4n + 2) x electrons withn = 1, yet
the system is not completely conjugated due to the
presence of a sp3-hybridized carbon. In other
words, this compound is not planar and hence is not
aromatic,

15.10.8. Methods of preparation of Arenes

Benzene (phene), C4H, was first isolated by

Faraday (1825) from cylinders of compressed il-
luminating gas obtained from pyrolysis of whale oil.
In 1845, benzene was found in coal-tar byHofmann.
Arencs are mainly present in the light oil fraction

of coal tar distillation from where they are isolated
by suitable methods.

1. From acetylene. Benzenc was first syn-
thesized by Berthelot by passing acetylene through
red-hot iron tube at 873 K. Under similar condi-
tions propyne gives mesitylene (For details refer to
page 15/57.

H
CH (S
Hcy\/ CH — feqins HC/ \CH
iﬁ ( ("3|H iron tub: Hcf gH
o tron tube
813K
\Cil \C /
: H
Benzene

2. From sodium benzoate by decarboxylation
with soda-lime (Laboratory method)

—COONa Ca0, A
+ NaOH —=» @ +Na,CO,

Sod. Benzene
benzoate

3. From phenol by distillation with zinc dust

OH Zn dust
@l’ @ + ZnO
distil

Phenol Benzene

4. From chlorobenzene by reduction with Ni-
Al alloy/NaOH

Cl Ni~ Al atloy
+ s + HCl
NaOH
Chlorobenzene Benzene

5. From benzenediazonium chloride by
reduction with hypophospherus acid (HyPO,) in

presence of Cu™ jons

+
~N=NCI- cut
+ HyPC, + H,0 —

Benzene—
@ +N,+HCl + H,PO),

diazonium
chlonde
Benzene
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6. From benzenesulphonic acid by heating
with superheated steam.

©_ e 423-473K
+ HOp————7 +H,50,
Benzenesulphonic o
acid Benzene
7. From n-hexane and n-heptane
/CH3
iy = Cry0,=AlLO,
| _—
CH, CH, 7MWK 10-20atm
\"\ B (—Hy Cyclohexane
CH,
n—Hexane Cry0,—ALD,
T K, 16—20 atm.
(3H)  Bengene

n-Heptane under similar conditions first gives
methyleyclohexane and then toluene as shown on
page 15/69. The catalyst used mainly consists of
oxides of chromium, vanadium and molybdenum
supported over alumina.

8. By Wurtz-Fittig reaction. It involves the
reaction between a suitable haloarene and a
haloalkane in presence of metallic sodium in dry
ether, For example,

. pmessssesasee-ces . Dry ether
( — Br+2NMa+ Br: CH,CH, ——
= et R | e
liromobenzene Rromomettione
@-cnzcn, + 2 NaBr
Ethylbenzene

9. Friedel-Crafts reaction. Benzene reacts

CH,

Anhyd.
@ +CH,Cl ——> + HCl
AlCI
Toluene

Instead of alkyl halides, alcohols can also be
used in Friedel-Crafts reaction. Here, the Lewis
acid helps in the generation of a carbocation which
then attacks the benzene ring to form the cor-
responding alkylbenzene. For example,

e

CH,CH,0H + AICL,—
Ethanol 3 H

+
cH,—cH,Co-atcyy

+
—»  CH,CH, +HO-AICly
Ethyl carbocation

+
C4H, + CH,CH, — C¢H;CH,CH, + HY
Ethylbenzene
Friedel-Crafts reaction can also be carried out
with alkenes in presence of protonic acids such as
H,S0,, H;PO,, HF etc. For example,
H,S0,

+
(CH,),C=CH, — (CH;),C-CH,

2-Mecthylpropene  —HSO,
CeH,
— CgH;—C(CHy);
-Ht tert—Butylbenzenc
Similarly,
H,PO,

=

C¢H, + CH,CH=CH,

with alkyl halides in presence of a Lewis acid Propene
catalyst such as anhydrous AICl, to form alkylben-

y Y s L CH; — CH(CH}),
zenes or arencs. For example, Ciifiehe
A SRR

ADD TO YOURKNOWLEDGE | ™/

|

Friedel-Crafts reaction of alkyl halides either involves the adduct ROt.... ClAICl‘;’ as the electrophile or the

carbocation (R T which it gives on ionization. With n-alkyl halides at fow temperatures, the reaction mainly
oocurs through the adduct but at high temperatures, the reaction may occur through carbocation intermediate.
With 3° alkyl halides, reaction occurs only through the carbocation intermediate. With all other alkyl halides,

the chances of carbocation route increase as the

branching in the alky! halide increases.
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ADDITORNOURIKNOWLEDGEICONTIT:
Whenever carbocations are the intermediates, and if the initially formed carbocation is less stable then it always

rearranges first to the more stable carbocation either by 1, 2-hydride shift or 1, 2-methyl shift before attacking the
benzene ring to give the rearranged product. For example,

High temp.
CH;CH,CH,CI + AlCl

— CH,—CH—CH;
n—Propyl chloride —AlCl, }I{
nn—Propyl carbocation
1, 2—Hydride y CeH /CH3
e CH,—CH--CH, —  CsH—CH
i , + “~CH
shift Isopropyl carbocation -H 3
Isopropylbenzene

It may be emphasized here that at low temperatures, the major product is n-propylbenzene.
Similarly, isobutyl chioride gives tert-butylbenzene.

CH, CH,
_J: AlCl, + 1, 2=Hydride
CH;—-CH—CH,Cl ———  CH;—C—CH,
Isobutyi chloride —AlCl,” shift
CH, OH;
| o CeHg é
CH,—C ——  CHy— —@
I, =gt J:
Cly l
tert— Butylbenzene
With neopentyl chloride, the product is 2-methyl-2-butylbenzene.
CH, CH,
AlCT -+
CHs-—JD—CHZC[ —_— CHs-é-(iﬂz
—AlCI !
éH; 4 (1.113 |
Neopentyl chloride /
CH, CH,CH,
1, 2—Methyl J: CeHy |
CH;—C—CH,CH;, = —— CH3——C-@
shift + —ut |
CH,
2—Methyl—2—butylbenzene
e ey B
10. From Grignard reagents. Grignard reagents react with alkyl halides in presence of dry ether to
form arenes. For example,
CH, CH,
; ! Dry ether i
@- MgBr + Br—CH-CH, —0 & ~CH-—CH, + MgBr,
Isopropyl
chnyl n; ag. e I[sopropylbenzene
S or Cumene

15.10.9. Physical Properties of Arenes

(!} Benzene and its homologucs containg upto cight carbon atoms are colourless liquids with
characteristic smell.
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(it) Due to large hydrophobic hydrocarbon
part, arenes are not soluble in water but are soluble
in organic solvents.

(ii{} The melting points and boiling points of
arenes increase with increase in the molecular size
due to a corresponding increase in the magnitude
of van der Waals’ forces of attraction. Amongst
isomeric arenes, i.e, o- m- and p-xylenes, the p-
isomer which is most symmetrical, has the highest
melting point.

15.10.10. Chemical Reactions of Arenes

Arenes are highly unsaturated hydrocarbons
but behave like saturated hydrocarbons. They are,
however, more reactive than atkanes but are less
reactive than alkenes and alkynes. This lower reac-
tivity of arenes is because of the extra stability as-
sociated with these molecules due to delocalization
of m- electrons.

Some important reactions of arenes are dis-
cussed below -

1, Substitution or replacement reactions

A reaction in which one or more hydrogens of
the benzene ring are replaced by other atoms or
groups is called a substitution reaction.

Arenes undergo a number of substitution
reactions as discussed below.

1. Halogenation. Benzene reacts with chlorine
and bromine in presence of Lewis acids such as
ferric or aluminium halides as catalyst and in ab-
sence of light to form chlorobenzene and
bromobenzene respectively.

cl
Anh. AICl, or FeBr,
© +Cl, — +HCl
310-320 K, dark
Benzene Chlorobenzene
~ Br
Anh. FeBr, @
@ + Brz + HBI
310-320 K, dark
Benzene Bromobenzene
CH3
Anhyd. FeCl,
+Cl,
dark

Toluene

CH, CH,
? Cl :
+
o~—Chlorotoluene
(minor) Cl
p—Chlorotoluene
(major)

The function of the Lewis acid is to carry the
halogen to the aromatic hydrocarbon. That is why
these are usually referred to as halogen carriers. In
addition to iron and aluminium halides, iodine and
iron filings have also been used as halogen carriers.
For example, chlorobenzene is formed when ben-
zene is treated with chlorine in presence of iron.
Under these conditions, iron brst reacts with

chlorine to form ferric chloride which then acts as
a catalyst.

2Fe + 3Cl, — 2FeCl,

Directiodination of arenes is not a useful reac-
tion since the HI produced during the reaction
reduces the aryl iodide back to the arene and
iodine.

1
©+IZ # @ + HI

Benzene lodobenzene

However, in presence of oxidising agents such
as nitric acid, iodic acid (HIO,), mercury oxide,
etc., the HI produced is either oxidised to iodine or
is eliminated as mercuric iodide and thus the reac-
tion proceeds in the forward direction producing
iodobenzene.

SHI + HIO,—» 31, + 3H,0
2HI + 2 HNO,— [, + 2NO, + 2H,0
2 HI + HgO — Hgl, + H,0

Fluorination of arenes is too vigorous to be of
any practical use.

2. Sulphonation. The process of replacement
of a hydrogen atom of an arene by a sulphonic acid
group (—SO,H) is called sulphonation. It is usually
carricd out by treating an arene with fuming sul-
phuric acid or oleum (concentrated sulphuric acid
containing dissolved sulphur trioxide) or chlorosul-
phonic acid. For example,
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SO.H COCH,
330K | "
5 — o
@ + H,50, © ,0 vl
(Conc.)
Benzene
Benzene— Acetophenone
sulphonic acid CHJCO \ Anh. AICI,
SO,H @ & o R [ESE—
330K CH,CO™
@ o3 CISOSH +HQ ] Ethanoic anhydride
Chlorosulphonic (Acetic anhydride)
Hehoro: acicf Benzene— .
sulphonic acid COCH,
3. Nitration. The process of replacement of a
hydragen atom of an arene by the nitro group (— + CH,;COCOH
NO, ) is called nitration. It is usnally carried out by
Acetophenone

treating an arene with a mixture of conc. HNO, and
conc. H,80,. (nitrating mixture). For example,

e
N( )
Conc. H,50, |

+ HNO,
(Conc.)

+H,0

330K
Benzene
Nitrobenzene

4. Friedel-Crafts reactions. This is a con-
venient method for the introduction of an alkyl or
an acyl (RCO-) group into an arene. It is of two

types :

(i) Friedel-Crafts alkylation. When benzene or
its homologue is treated with an alkyl halide, in
presence of anhydrous aluminium chloride as
catalyst, it forms an alkylbenzene. For example,

CH,
Anh, AICI,
© +  CHC +HC
Chloromethane .
Benzene Moyt chioride) loluene
| CH,CH,
Anh. AICY,
@ +CH,CH,Br + HBr
Bromoethane .
Benzene (Ethyl bromide) Ethylbenzene

(if) Friedel-Crafts acylation. On treatment with
4 carboxylic acid chloride or the anhydride in
presence of anhydrous aluminium chloride, ben-
zene forms an acylbenzene. For example,

Anh. AIC],
ey

—_—
Benzene

CH,COCI

Ethanoyl chloride
(Acetyl chloride)

I1. Addition reactions.

Benzene and its homologues usually do not
undergo addition reactions because of the extra
stability of these molecules due to delocalization of
z-clectrons. However, under drastic conditions,
i.e., high temperature and pressure, they do under-
go some addition reactions characteristic of
alkenes and alkynes. Two such important addition
reactions are discussed below ;

(a) Addition of hydrogen — Hydrogenation.
Benzene adds three molecules of hydrogen in
presence of Raney nickel or platinum as catalyst at

473—523 K to form cyclohexane.,

@ +3H,
Cyclohexane

Benzene

(b) Addition of halogens. In presence of sun-
light and in the absence of halogen carriers (such
as AICly, FeBry, etc), benzene adds three
molecules of chlorine to form benzene hevachloride
(BHC) or Gammexane.

hv
+3CL »
Absence of halogen carrier

Raney Ni

473523 K

Benzene
Cl
H H
=l Cl
H H
Cl d . Cl

Benzene hexachloride (BHC)
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It may be noted here that in absence of sunlight
and in the presence of halogen carriers benzene un-
dergoes substitution reactions but in presence of
sunlight and absence of halogen carriers, itundergoes
addition reactions.

III. Oxidation reactions

Arenes undergo a number of oxidation reac-
tions as discussed below :

1. Complete oxidation with air — combustion.
Arenes readily burn on heating in air or oxygen
producing CO,, H,0 along with a luminous yeliow
sooty flame.

2C¢Hg + 150, — 12CO, + 6 H,O;

AH® = — 3000 kJ mol ™!

The formation of sooty flame is due to the
reason that arenes contain higher carbon content
that hydrogen. This sooty flame test is used as a
qualitative test to distinguish aromatic from aliphatic
compounds.

2. Controlled oxidation with air. Benzene on
oxidation with air at 773 K in presence of V,0; as

catalyst gives maleic anhydride.

g v,0,,73K [ CHCOOH
O o2l |
-200,,-H,0 |  CHCOOH
Benzene Maleic acid
-~ a1 CHCOS
- — | 0
-H,0 CHCO”

Maleic anhydnde

3. Oxidation with potassium permanganate,
Arenes are not oxidised by cold dilute alkaline
KMnO, solution (Baeyer’s reagent} and hence this

reaction is used to distinguish aromatic compounds
from alkenes and alkynes.

Benzenc, the first member of arenes, is not
oxidised by hot KMnO, solution. But its higher

homologoues are easily oxidised. During this oxida-
tion, the nucleus remains intact but each of its side
chains (irrespective of its length) is oxidised to a
carboxyl (— COOH) group. For example,

CH, COOH
(/) KMnO,, KOH
373-383K
+ 3[0] ————— +H,0
@iy Dil. H,S0,

Toluene Benzoic acid

CH,CH, COOH

O

Ethylbenzene

(f) KMnO, , KOH
373-383 K
+ 6j0] —————
(i) Dil. H,80,
Benzoic acid

+ CO, + 2H,0

CH, _ COOH
{:H3 (1) EMnO, , KOH COOH
IT-383K
O] == + 2H,0
(if) Dil. H,S0,
o-Xylene Phthalic
acid
CH, COOH
() KMnO,, KOH
I-383 K
o o e +2H,0
(i) Dil. H,50,
CH, COOH
p—Xylene T::;phthalic

With mild oxidising agents like chromyl
chloride (CrQ,ClL), toluene gives benzaldehyde.

This reaction is called Etard reaction.

CH, CHO
@ CrO,Cl,
-
Etard reaction
Toluene Benzaldehyde

4. Oxidatlon with ozone. Benzene reacts with
0, to form a triozonide which upon decomposition

with Zn/H, 0 gives glyoxal.

Like alkenes and alkynes, arenes also undergo
ozonolysis. For example,

]
hois ch \;:D
0,/CH,Cl, C}—(;]-L \U-"" CH
—i
I 0 |
196-200 K CH
Benzene % O—H P D \
CH 0O
“\"“‘*(_]f
Benzene triozonide
Zn/H,0 CH=0
—— e ) |
—Zn0O CH=0
(reductive cleavage) Glyoxal
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Unlike alkenes and alkynes, ozonolysis of
arenes is not of any practical importance.

15.10.11. Uses of Arenes

(i) Lower arenes such as benzene, toluene,
xylenes etc. are used as solvents for oils, fats, rub-
bers etc.

(7F) Arenes are extensively used in the
manufacture of dyes, drugs, perfumes, explosives
(TNT) and insecticides (DDT, BHC).

(i) Benzene is blended with petrol to im-
prove its octane number,

(iv) p-Xylene is used to prepare terephthalic
acid and its ester for manufacture of synthetic fibre,
terylene.

15.10.12, Mechanism of Electrophilic Sub-
stitution Reactions

Benzene contains two #-clectron clouds-one
lying above and the other below the plane of the
ring. As compared to o- electrons, these z-
electrons are loosely held and hence are easily
available to electrophiles. In other words, benzene
ring acts as a source of electrons (i.e, nucleophile)
and attracts electrophiles (or repels nucleophiles).
Thus, the reactions of benzene and other arcnes are
initiated by electrophiles. Now electrophilic sub-
stitution reactions can, in principle, be either sub-
stitution or addition. Whereas benzene and other
arenes undergo electrophilic substitution reac-
tions, alkenes undergo electrophilic addition reac-
tions. In fact, ability of a compound to undergo
electrophilic substitution reactions is an excelle.:t test
of aromaticity.

The mechanism of all the electrophilic sub-
stitution reactions is basically the same and
proceeds through the following steps :

Step 1. Generation of an electrophile. First of
all, an electrophile is generated as a result of some
preliminary reaction.

:Nu™
Nucleophile

E-Nu — E* ¢+
Reagent Electrophile
Insome cases, an electrophile is not generated
directly but a polarized molecule of the reagent
serves as the electrophile. For example, in halo-
genation and Friedel-Crafis alkylation reactions.
i+ d-
Br~63:ﬁ=:Br3 — Br...... BrFeBr,

Polarized bromine
molecule (electrophile)
d+ 5—

CH, —/cmucl3 — CH, ... CIAICI,

Polarized methyl
chloride molecule
(electrophile)
Step 2. Formation of carbocation intermediate.
As the electrophile approaches the benzene ring,
it is attracted by the n-electrons to form a x-com-

Plex.
@-—)E*

w—Complex

The 7-complex then slowly reorganises or rearranges to form a o-complex or a carbocation inter-

mediate which is stabilize< by resonance

©}E+

Slow
——

t_H H H
o +

Resonance stabilization of carbocation intermediate or g-complex

IS

Resonance
hybrid

The carbocation intermediate is also called c-complex.

During the formation of g-complex, the aromatic character of the benzene ring is destroyed.
Therefore, this step is slow and hence is the rate determining ste of the reaction.

Step 3. Loss of a proton from the carbocation intermediate. The carbocation intermediate formed
above, in principle, can undergo the following two types of reactions.

(#) It can lose a proton to the nucleophile (Nu~) present in the reaction mixture to forn a substitution

product
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M7 Fast E
E +:Nu —— + H—Nu

Substitution product

Since during this step, aromatic character of the benzene ring is restored, therefore, this step is fast
and hence does not affect the rate of the reaction.
(i) Alternatively, the nucleophile (: Nu™) may attack the carbocation intermediate to yield the

addition product.
H_, m H Nu
H H
©<E +:Nu~ & ©<E

This addition is, however, not observed since during this addition reaction, the aromatic character
of the benzene ring is lost.

Let us now discuss the mechanism of some typical electrophilic substitution reactions.

1. Halogenation. The halogenation of benzene and some other arenes is carried out at low tempera-
tures (310-320 K), in the absence of sunlight and in presence of a Lewis acid such as anhydrous ferric or
aluminium chloride as catalyst.

The halogenation proceeds by the following mechanism :

Step 1. Generation of an electrophile.

/\ 8+ é—
Cl=Cl + AlCl; — Cl AlCl,

Electrophile
Step 2. Formation of a-complex or carbocation intermediate. The +ve end of the polarized chlorine
molecule accepts the 7-electron cloud of the benzene ring to form a o-complex or the carbocation
intermediate which is stabilized by resonance.

~ M
o+ P e Slow |
+Cl...clc, — + AICI;

o—Complex
fo oA H H H
©<c1 iy ©<c1 il ©<CI - 1
4 +
Resonance stabilized carbocation or o-complex Resonance hybrid

This step is slow and hence is the rate-determining step of the reaction.
Step 3. Loss of a proton from the carbocation intermediate. The base (AICIy ) present in the reaction
mixture then abstracts a proton to form chlorobenzene

+

H‘/_\ Fast cl
C +aAicl;, — + AlCL

Chlorobenzene
This step is fast and hence does not affect the rate of the reaction.
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2. Nitration. It is carried out by treating benzene and other arenes with a mixture of conc.
HNO; + conc. H;80, commonly called the nitrating mixture. The various steps involved are :
Step 1. Generation of an electrophile, i.e, NOF (nitronium ion)
In presence of conc. H,80,, HNO, acts as the base and accepts a proton to form protonated nitric
acid which then loses 4 molecule of H,O to form nitronium ion.
H,S0, — H* + HSO;
s +‘] +
H* + H- (II'—NOzr / -NO, — H,0 + NO,
H Nitronium ion

Step 2. Formation of o-complex or carbocation intermediate. Nitronium ion attacks the benzene ring
to form a carbocation which is stabilized by resonance.

Slow H
+ NO; —— @<N02 ‘—'©<N02‘—' NO2 E NO,

Resonance stabilized carbocation or the scomplex (1) Resonance hybrid
This step is slow and hence is the rate-determining step of the reaction. (Fig. 15.28)
Step 3. Loss of a proton from the carbocation intermediate. Finally, the carbocation loses a proton to
the base (HSO;) to form nitrobenzene,

+

HE™ " ™~ NO,
NO, + HSO; —— ©/ + H,S0,

4y Nitrobenzene (11}
This step is fast and hence does not affect the rate of the reaction. (Fig. 15.28)

fHIsD Eacty > Eacl,

-

——POTENTIAL ENERGY —p

PROGRESS OF REACTION ————p

FIGURE 15.28, Formation of carbocation is the rate-determining st : It occur idal
whether C-H or C-D hond is to be broken, All the rarbﬂ-t'al:logns go to the ;rer;?dl-:il‘ty g
There Is nio isotope effect and nitration is irreversible.
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Evidence in support of the mechanism. This mechanism has been supported by absence of isotope
effect. Tt has been found that when hexadeuterobenzene is nitrated, the rate of nitration is exactly the same
as that of benzene. Since a C-D bond breaks more slowly than a C-H bond, therefore, the loss of a proton
is not the rate-determining step. Had it been so, the rates of nitration of benzene and hexadeuterobenzene
would have been different ?

D NO,
- D uno, 50, o D
e e———————
D D = D D
D D

Hexadeuteratedbenzene Rates are the same

NO,

b

HNO;, H,50,

_—_—
A

Benzene

Thus, electrophilic aromatic substitution is a bimolecular reaction in which the attack of the electrophile
and loss of proton occur in two different steps and the formeris slower and hence is the rate determining step
of the reaction.

3. Sulphonation. Sulphonation is carried out by treating benzene or any other arene with con-
centrated sulphuric acid or cleum (conc. H,8O, + SO, = H,8,0;). The mechanism for sulphonation

involves the following steps :
Step 1. Generation of an electrophile.Sulphur trioxide which acts as an electrophile is first of all
generated by the following acid-base equilibrium between two molecules of sulphuric acid.
2H,50, == SO, + HSO; + H,0*
Step 2. Formation of o-complex or carbocation intermediate. Sulphur atom of sulphur trioxide
mnlecule is electron-deficient as shown below,

O
3
O/ \O'

Consequently, sulphur trioxide acts as an electrophile and hence attacks the benzene ring to give a

carbocation which is stabilised by resonance.
O
I Slow ~ N H H H
Sk [ — e st O
0 .
Resonance stabilized carbocation or o-complex (I) Resonance hybrid

0-
This step is slow and hence is the rate-determining step of the reaction.

Step 3. Loss of a proton from the carbocation. The carbocation (D) finally loses a proton to produce
sulphonic acid anion (II). This step is fast and hence does not affect the rate of reaction.

+

H Fast SO5
(jso; L ©/ + H,S0,

1 |
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Step 4. Addition of proton to the benzenesulphonic acid anion (1) gives the final product.
SO,H

ok
@ -
+ H,0" + H,0

II Benzenesulphonic acid

This equilibrium lies far to the left since sulphonic acid is a strong acid.

[t may be pointed out here that unlike other electrophilic aromatic substitution reactions, sulphonation
is reversible and shows a moderate isotape effect, i.e., the rate of the reaction slows down when hydrogen
atoms of the aromatic compound are replaced by heavier isotopes — deuterium or tritium. The moderate
isotope effect may be explained as follows :

Insulphonation (Fig. 15.29), the energy barriers on either side of the resonance stabilized carbocation
(I) are roughly of the same height (i.e. E"-"1 ~ Emz). If this is so then the energy barrier for the backward

reaction for both the carbocations, i.e., I (D)-resulting from deuterated benzene and 1 (H) resulting from
ordinary benzene, is the same. However, energy barrier for the forward reaction (i.e., conversion of I into
1) for carbocation I (D) is higher (shown by dotted line) than that for the carbocation [ (H) since astronger
C— D bond is to be broken in carbocation I (D) and a weaker C— H bond is to be broken in carbocation
I (H). In other words, more deuterated carbocations I (D) than carbocations I (H) revert to the starting
material and hence overall sulphonation is slower for deuterated benzene, This explains the moderate
isotope effect.

IfHis D Eac|1 F Eaclz

’-\

———POTENTIAL ENERGY —p

SO5- + H*
I

PROGRESS OF REACTION ————p-

FIGURE 15.29. Some carbocations {I) go to the product, some revert to the starting material.
There is some isotope ffect, and sulphonation is reversible.

Because of the reversibility of this reaction, sulphonic acid group can be casily removed by heating
a sulphonic acid with steam under pressure or by hot dilute mineral acids,

~SO,H HY
+H,0 —m—» + sto4
; Under pressure
Benzenesulphonic acid Benzene

This reaction is called desulphonation.
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4. Friedel-Crafts alkylation. Alkyl substituted benzenes may be prepared by the reaction between
benzene and a suitable alkyl halides in presence of a Lewis acid catalyst (AICY,, BF;, FeCl,, etc).

R

Anh. AICI,
RGP = + HCI

Benzene Alkyl chloride Alkylbenzene
The reaction is believed to proceed through the following mechanism.
Step 1. Generation of an electrophile. The alkyl halide first reacts with anhydrous AICl, to form
polarized atky] halide molecule which acts as the electrophile

d+ é—
RLCl+ AICL, —> R.....CIAIC),
Electrophile

Step 2. Formation of o-complex or carbocation intenmediate. The +ve end of the polarized alkyl halide
molecule attacks the m-electron cloud of the benzene ring to form a o-complex or the carbocation
intermediate which is stabilized by resonance.

* __H
_.\(d'* o Slow
+ 'R...ClaCl; — R+ AlCy

o—Complex
L H H H H
S — % — O |- O
3 +
Resonance stabilized carbocation or g-complex Resonance hybrid

This step is slow and hence is the rate-determining step of the reaction.
Step 3. Loss of a proton from the carbocation.

+ R

H/_\ Fast
R +AlIC, — + AlCL + HCI

Alkyibenzene

This step is fast and hence does the affect the rate of the reaction.

§. Friedel-Crafts acylation. Benzene and other arenes react with acid chlorides or anhydrides in
presence of anhydrous AlCl, to form aromatic ketones. For example,

COCH;

Anh. AICI
@ + CH,COC ©/ + HOl
Acetyl chloride

Benzenc Acetophenone
CHyCO anhalC, COCH,
- 0 ©/ + CH,COOH
cH,c0””
Benzene o et Acetophenone

anhydride
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0

0
I

l
oo C
Anh. AICI,
O+ O Yo 22 & o

Benzene Benzoyl chloride

Benzophenone

Mechanism. The reaction involves the following steps :

Step 1. Generation of an electrophile. The acid chloride or anhydride reacts with anhydrous aluminium

=+
chlortde to form acylium ion, (RC=0) which serves as an electrophile.

0
Il

R-CLcl + AlCl,

0
R_C
— +
:‘,u + AlCl, [R—C
R—C
Il
0

iy, +
[R—-C—-O: — R—CEO:] + AICI;

Acylium ion

O

e P

=0: «—— R-C=0:

+ R—C-0AIC],
Acylium ion

Step 2. Formation of o-complex or carbocation intermediate. The acylium ion attacks the benzene ring
resulting in the formation of a carbocation which is stabilised by resonance,

+ Slow
+C—R ——

Il

)

C L

Resonance stabilized carbocation or ag-complex

s B H
Rl i
+
| I

)]

Il
O

Resonance hybrid

H H
0

O

This step is slow and hence is the rate-determining step of the reaction.

Step 3. Loss of a proton. The carbocation loses

a proton to the base (AICl, or R—COOAICL,)

present in the reaction mixture to form the final
product.

A Fast

+
R Al Gl —r—s
C-R
(I)I
: C-R
©_ |+ HCL+ AIC,
0

This step is fast and hence does not affect the
rate of the reaction.

15.10.13. Directive influence of substituents
and their effect on reactivity

All'the six hydrogen atoms of benzene ring are
equivalent. Therefore, replacement of any one of
these six hydrogen atoms by any substituent always
gives a single monosubstituted benzene derivative,
However, when a monosubstituted benzene deriva-
tive is converted into a disubstituted benzene
derivative, the substituent already present in the ben-
zene ring determines the position of the incoming
group.
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This ability of a group already present in the
benzene ring to direct the incoming group to a par-
ticular position is called the directive influence of
groups.

On the basis of the directive influence of
groups, the various substituents can be divided into
the following two categories :

1. o, p-Directing groups. The substituents or
groups which direct the incoming group to ortho and
para positions are called ortho, para-directing
groups. For example, —CH,, —CH,;CH;, —CgHs,
-Cl, —Br, =1, =OH, —OCH,, —NH,,~NHCH,,
—N(CH,),—, NHCOCH,4 etc.

CH3 1
@ conc. HNO,
+cone. H,50,
Toluene
CH, CH,
NO,
+
N()2 o=-Nitrotoluene

p—Nitrotoluene (major) (5N
Thus, nitration of toluene gives a mixture of
ortho and para-nitrotoluenes.

In general, all electron-donating groups are o,
p-directing. Further, it may be pointed out here that
although two o- and one p-positions are available
for disubstitution yet due to steric hindrance with
the incoming group at o-position, it is usually the
p-isomer which predominates in these substitution
reactions.

Explanation for directive influence of o, p-
directing groups. With the exception of alkyl and
phenyl groups all other groups have atleast one lone
pair of clectrons on the atom directly attached to
the benzene ring. This lone pair of electrons is
involved in resonance with the - electrons of the
benzene ring. As a result of resonance, the electron
density increases at all the nuclear positions of the
benzene ring but the increase in electron density is
much more at o- and p-positions than atm-position
as shown below :

:OH +6H

Phenol

+OH +OH

“{@*—

Resonance in phenol

We have discussed above that the typical reac-
tions of benzene are clectrophilic substitution reac-
tions in which an electrophile attacks the benzene
ring. Evidently the electrophile will attack the ben-
zene ring at a position where the electron density
is high. Since the electron density is high at o- and
p-positions, than at m-positions in phenol, there-
fore, the electrophile will attack preferentially at o-
and p-positions. Thus, OH group is o, p-directing.

Directive influence of the alkyl group. The
alkyl group (R) does not have a lone pair of
electrons. Its directive influence can be explained
on the basis of hyperconjugation effect as shown
below :

H H
Hu(li-JH H—&li Ht
-
Toluene
H H
H—(lz H* H—(I: Bt

Hyperconjugation in toluene
Here again, electron density increases at o-
and p- positions and hence directive influence of
CH ; group is o, p-directing.
Effect of o, p-directing substituents on reac-
tivity. Since o-, p-directing groups increase the
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electron density in the benzene ring, therefore, the
ring gels activated and the further electrophilic sub-
stitution in the ring becomes easier. It is because of
this reason that all o, p-directing groups except
halogens are called activating groups. Further, be-
cause of the ability of these groups to donate
electrons to the benzene ring, o-, p- directing groups
are also called electron-repelling or electron-
donating groups (EDG). In the light of above dis-
cussion, two cases arise :

() o p-Directing groups facilitate further
electrophilic substitution reaction. For example,
nitration of toluene occurs faster than that of ben-
zene because due to hyperconjugation effect of the
CH, group, electron density in toluenc ring is
higher than that in benzene ring.

(i) Higher the electron-donating ability of the
substituent, more facile is the reaction. For example,
bromination of aniline occurs faster than that of
phenol because due to lower electronegativity of N
over O, the electron-donating ability of -~NH,
group is much higher than that of OH group. As a
result, electron density in the aniline ring is much
higher than that in phenol and hence bromination of
aniline occurs faster than that of phenol.

The electron-donating ability of some sub-
stituents follows the order :

=0 > -NH, > -NR, > ~OH > —OCH,,
—NHCOCH, > —CH, > -X
(=F>-=Cl> -Br> -J)

2. 2-m-Directing groups. The substituents or
groups which direct the incoming group to the meta-
position are called meta- directing groups. For ex-
ample,

~NQ,, —CN, —CF;, —CHO, —COR,

—COOH, —COOR, —SOH etc.

Thus, nitration of nitrobenzene mainly gives
m- dinitrobenzene.

™ e
Conc. H,80,
+ HNOy ———
oy 3K NO
Nitrobenzene Grgemit) m-Dinitrobenzene ;

In general, all electron-withdrawing groups are
m- directing.

Explanation for the directive influence of m-
directing groups. With the exception of tri-
fluoromethyl (i.e. CF,) group, in all other groups

the atom directly attached to benzene ring has one
more electronegative atom linked to it by a multiple
bond. This more electronegative atom pulls the
electrons of the multiple bond towards it which, in
turn, withdraws electrons from all the nuclear posi-
tions. As a result, electron density falls at all the
nuclear positions but the decrease is much more at
0- and p-positions than at m-positions as shown
below :

H-C=0 H-C-0"
s :
g ————
Benzaldehyde
H-C-0~ H-C-0"
iy
+

Resonance in benzaldehyde

In other words, the electron density is com-
paratively higher at m-positions than at o- and
p-positions and hence the electrophile will attack
preferentially at the m- position in benzaldehyde.
Thus, — CHO group is m- directing.

Similarly, we can explain the meta-directing
influence of the —~NOQ, group. Due to electron-
withdrawing resonance effect (i.e., — R-effect) of
the —NO, group, electron density falls more at the

o- and p-positions that at m-positions as shown

o 0

“0 o~

\i/

Resonance in nitrobenzene
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In other words, electron-density is compara-
tively more at m- positions than at o- and p-positions,
therefore, further substitution in nitrobenzene will
oceir al m-position.

Effect of m-directing substituents on reac-
tivity. Since m- directing groups decrease the
electron-density in the benzene ring, therefore, the
ring gets deactivated and hence further electraphilic
substitution becomes difficult. 1t is because of this
reason that meta-directing groups are also called
deactivating groups. Further, because of their
ability to withdraw electrons from the benzene ring
meta-directing groups are aiso called electron-at-
tracting or electron withdrawing groups (EWG).

In the light of above discussion, the following
(WO CASCS Arise :

(iY m-Directing substifuents make further
electrophilic substitution more difficult. For ex-
ample, nitration of benzene occurs faster than that
of nitrobenzene, This is due to the reason that nitro
gronp because of its electron-withdrawing effect
reduces the electron density in nitrobenzene ring
while there is no such effect operating in benzene.
As a result, electron density in benzene ring is
higher than that in nitrobenzene ring and hence the
electrophile (i.e. NOF ) will attack benzene faster
than nitrobenzene.

(if) Higher the electron-withdrawing ability of
the substituent, more difficult is the reaction. Nitra-
tion of nitrobenzene occurs much slower than that
of benzoic acid since NO, group is a much more
powerful electron- withdrawing group than car-
boxylic acid group. As a result, electron density in
benzoic acid ring is much higher than that in
nitrobenzene ring and hence further electrophilic
cubstitution will occur faster in benzoic acid than in
nitrobenzene.

The electron-withdrawing ability of some sub-
stituents follows the order :

+
(CHy)N— > —NO; > ~CN > -SO;H
> —CHO > —COCH, > —-CO,H

" Directive influence of halogens. We have dis-
cussed above two types of groups: (i) o, p-dirccting
groups which activate the benzene ring towards
further electrophilic substitution reactions and
(if) m-directing groups which deactivate the ring
towards further electrophilic substitution reac-
tions. Besides these, there is a third category of
groups, i.e., halogens which though deactivating are
o, p-directing. This is explained as follows

In case of ary halides, halogens are highly
deactivating because of their strong —T-effect.
Therefore, overall electron density on the benzene
ring decreases. In other words, halogens are deac-
tivaing due to — I-effect. However, because of the
+R—effect, ie., participation of lone pairs of
clectrons on the halogen atom with the -electrons
of the benzene ring as shown below, the electron
density increases more at o- and p-positions than at
m-positions.

:él: YOl

"'Efi : +él :
Il I

S

Resonance in chlorobenzene
As a result, halogens are o, p-directing. The
combined result of + R-effect and —[-effect of
halogens is that, figlogens dre deactivating but o,
p-directing.
15.10.14. Polynuclear Hydrocarbons

We have already discussed in this unit that
hydrocarbons containing two or more fused or iso-
lated benzene rings are called polynuclear
hydrocarbons, These may either be linear (naph-
thalene,  anthracene  etc) or angular
(phenanthrene, pyrene etc.)
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The main source of polynuclear aromatic
hydrocarbons is coal tar. Naphthalene is the largest
single constituent (6—10%) of coul tar. 1t is ob-
tained by cooling the middle oil fraction ( b.p.443—
503 K) of coal tar distillation. Anthracene is
obtained from green oil fraction (b.p. 543 —633 K)
of coar tar distillation in about 1% yield.

Carcinogenicity and Toxicity

Most of the polynuclear hydrocarbons are
cancer-producing, i.e., are carcinogenic. Notable
among these are 1, 2- benzanthracene, 20-methyl-
cholanthrene, 1, 2-benzpyrene, 9, 10- dimethyl-1,
2-benzathracene and 1, 2, 5, 6-Dibenzanthracene.

18 15
20-Methycholanthene

Coos

1.2-Benzpyrene

1.2,5,6-Dibenzanthracene

9,10-Dimethyl
1,2-benzanthraene

There is no general rule by which one can
predict the carcinogenic activity of a polynuclear
hydrocarbon or its derivative. However, the num-
ber and position of certain groups such as — CH,,
—OH, —CN, —0OCH, etc. have been found (o
influence carcinogenic activity.

Cancer is primarily an environmental disease.
Just as draining of swamps and elimination of
mosquitoes can be used to control malaria and
yellow fever, in the same way, climination of car-
cinogens from the environment can reduce the in-
cidence of cancer (o a great extent.

In fact, polynuclear hydrocarbons are the
products of incomplete combustion of organic mat-
ter such as coal, petroleum, tobacco etc, They are
widely present in the environment and thus are the
major cause of human cancer.

It is believed that when these polynuclear
hydrocarbons enter the body of a human being, they
are first converted into their oxides called epovides
and then into diftydroxy epoxides. The dihydroxy
epoxides thus produced react with the purine bases
such as guanine present in DNA and RNA of the
human cells. The attachment of this big hydrocar-
bon part to purine prevents it from fitting into the
double helix of DNA. This damage causes muta-
tions and ultimately leads to cancer.

A simplified view of carcinogenic effect of
polynuclear hydrocarbons (PNH) is shown below :

0,
PNH— PNH epoxide— PNH dihydroxy
DNA or RNA
Mutations— Cancer
PART V1
PEREOLEUM AND PETROCHEMICALS
15.11, Petroleum mmismm s s

cpoxide

Coal and petroleum or rock oil (Latin : petra
= rock'and ofeun = oil) both are considered to be
of biological origin. Millions of years ago, as aresult
of earthquakes, upheavels and other natural
calamities, plants and animals got buried under the
surface of the earth. Under the influence of high
pressure, lemperature and absence of air, the
buried plants and animals got converted into coal
and petroleum. Further, it is believed that coal js
derived from plants-while petroleum is_derived

from marine animals,
—

~Like any other mineral, coal is mined from the
earth while petroleum is obtained by drilling wells.
Petroleum oceurs underground deep below

the earth’s crust trapped within rock or much below
the sea bed. It usually occurs underground deep
below earth’s crust trapped within rock structure or
much below the sea bed covered with a Easeous
mixture known as natural gas, It mainly consists of

methane (90%) alongwith decreasing quantities of
cthane, propanc, butanes and the vapours of low
boiling pentanes and-hexanes:

The chief oil producing countries in the world
are Saudi Arabia, Iran, Iraq, Russia, US.A, UK.,
Mexico, China, and to a lesser extent India. The
leading oil producing centres in India are located
in Gujrat, Assam and Bombary High (off shore).

15.11.1. Composition of Crude oil

Petroleum or crude oil is a dark coloured
viscous fluorescent liquid. /t consists essentially of a
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mixture of aliphatic hydrocarbons particularly
alkanes (Cy — Cao) with much lesser amounts of

&)}clapéraﬂhs (naphthenes) and aromatic hydrocat-
bons. Small amounts of organic compounds of sul-
phur and nitrogen are also present.

With this brief introduction about coal and
petroleum, let us now bricfly discuss the industrial
methods of preparation of aromatic and aliphatic
compounds.

15.112. Fractionation
Petroleum refining

Crude oil is obtained by drilling holes in the
carth’s crust. Due to the pressure exerted by the
natural gas, the oil rushes out through the pipes.
When the pressure of the gas decreases, two coaxial
pipes are lowered into the bore. When compressed
air is passed through one pipe, the crude oil rushes
out of the other pipe. From the oil fields, the crude
oil is taken to the refineries through pipelines.

The crude oil is purified by subjecting it to
fractional distillation. During this process, the im-
purities are removed and the crude oil is separated
into different useful fractions.

of Crude oil—

wnmmmdwmmm
the simultaneous removal of undesirable impurities
is called refining.

Refining of petroleum, The crude oil is first of
all neutralised by washing it with an acidic or basic
solution depending upon whether the impurities
are basic or acidic in nature. This is then subjected
to fractional distillation. For this purpose, the crude
oil is heated to 723 K in coiled pipes in a furnace
and the pressure reduced. The vapours, thus ob-
tained, are admitted into the bottom of a fractionat-

VOLATILE GASES

St GASOLINE
It
CRUDE | t_{|-Tt] KERQSENE
oiL Ly oiL
FURNACE _“_.-"—l ESEL
Eﬂ _‘IL_]
——E | IFdLusricatng
OIlL
STEAM—+
RESIDUE

FIGURE 15.30. Fractional distillation of crude oll.

ing tower called the bubble tower (Fig. 15.30). It is
a tall cylindrical steel structure fitted with horizon-
tal trays. Each tray is provided with a number of
holes and an overflow pipe having a bubble cap. As
the vapours of the oil rise up, the high boiling
fractions condense in the lower portions of the
tower. The lower boiling fractions rise up the tower
and condense at different levels depending upon
their boiling ranges. In this way, a number of frac-
tions are collected. Each fraction, thus collected, is
a mixture of hydrocarbons having a definite boiling
range. The uncondensed gases, however, pass out
of the tower at the top.

The gasoline obtained by this process is called
straight run gasoline. Some of the important frac-
tions along with their approximate composition,
boiling ranges and important uses are givenin Table
15.4.

R T AN DM J MM D L A B A A A0 S S

TABLE 15.4. Some important fractions of petrojeum refining

e :
/ FRACTION APPROXIMATE BOILING USES
COMPOSITION | RANGE (K)

1. Gaseous hydrocarbons C -Cy 113—303 As a fuel, production of carbon bilack, H, and CO,
us:dmmak:NH;,ntu:mﬂnndgamﬁm

2. Crude naphtha C; — Cyg

(i) Petroleum ether C; -G 303—363 As solvent in varnish and rubber industries, for
dry cleaning.

(ii) Petrol or gasoline C, -G 363—393 As motor fuel, dry cleaning

(iii) Benzine Cy - Cyo 393—423 For dry cleaning
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|3. Kervsene oil Cio—Cya 423—573 Fuel for stoves, manufacture of oil gas, as an
illuminant foel
4. Fuel oil Ci3—Cyy 513-623 Fuel for diesel engine and tractors, cracking
stock for gasoline
(i) Gas oil
(i) Diesel oil
(!if) Furnace oil l
5. Lubricating oil Cis—Cig Above 543 |Paint oil, transformer oil, lubrication, sizing
| paper
(i) Medicinal oit
(#i) Motor oil
(¢if) Grease |
6. Parafftn wax Cis— G 673 upward | Ointments, candles, paraffin wax for matches,
paints, water proofing, solid fuel, protecting
paints
() Petroleum jelly
(i) Petroleum wax |
(iif) Petroleum coke
7. Heavy oil and Bitomen Cyg onwards Forms residue | Paints, road surfacing.

15.11.3. LPG and CNG

LPG stands for liquefied petroleum gas. It is
a mixture of hydrocarbons containing 3-4 carbon
‘atoms. These include propane (C;H,), propene

(C;Hg), n-butanc* (C,H,;), isobutane* (2-
methylpropane) and various butenes with small
amount of ethane (C,H,} It is compressed under

pressure as liquid and stored in iron cylinders. The
major source of LPG is natural gas and from refin-
ing and cracking of petroleum. Alkenes are mainly
produced during cracking. LPG is mainly used for
manufacture of chemicals, as a pollution free
house-hold fuel because the combustion of con-
stituents of LPG is complete and no unburnt carb-
on.is released into the atmosphere.

As stated earlier in this unit, natural gas main-
ly consists of methane (90%) alongwith decreasing
quantities of cthane, propane, butanes and vapours
oflow boiling pentanes und hexanes. Earlier it used
to be carried by pipelines from the oil fields to the
houses for cooking in our kitchens. Now cheap
techniques have been developed to compress
natural gas under high pressure as a liquid and
stored in steel cylinders. The compressed natural
gas is called CNG and is now being used as a fuel
for running buses, cars and three-wheelers in
metropolitan cities like Delhi, Mumbai, Chenrnai,

*Butane and isobutane are the main constituents.

Kolkata etc. Recently a plant for LNG (liquid
natural gas) has been established in Gujarat.

15.11.4. Cracking and reforming

Out of all the fractions obtained by fractional
distillation of crude oil, only gasoline (petrol),
kerosene oil and diesel oil are the most important.
But the demand for these products has further
increased in the recent times due to rapid in-
dustrialization and growth in automoible industry.
In order to meet the ever-increasing demand for
these fractions, the following two methods have
been developed :

(i) Cracking and

(it) Reforming.

(i) Cracking. Decomposition of a compound
by the application of heat is called pyrolysis,
Pyrolysis of higher boiling petroleum fractions such
as fuel oil and lubricating oil is called cracking.

Cracking may be defined as a process in which high
boiling hydrocarbons are converted into a mixture
of low boiling hydrocarbons by the action of heat
alone or heat in presence of a catalyst.

Cracking involves breaking of carbon — carb-
on and carbon - hydrogen bonds resulting in the
formation of a mixture of lower hydrocarbons. For
example,
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973K
CH,(CH,);(CH; —— GCHys + GHyp
Dodecane t Heptane Pentene
b.p.371K bp. 39K
Thermel cracking. It is cracking by action of
heat alone. Since during thermal cracking, random

=
p—

CH,(CH,)1CH3
Dodecane e
—

cleavage of carbon — carbon bond occurs, therefore,
cracking of dodecane can also give a number of
other hydrocarbons such as heptane, hexane, pen-
tane, butane, propene, butene, pentene, hexene,
etc. as shown below :

CH,(CH,)%CH, + CH,=CH,

Decane Ethene
CH4(CH,),CH; + GHq
Nonane Propene
CH,(CH,)CH; + C,Hy
Octane Butene
CH;(CHp),CH,; + CgHy,
Hexane Hexene

Thus, from the above discussion, we conclude
that thermal cracking is difficult to control and
hence a complex mixture of products is always
obtained. It is because of this imitation that now-
a-days, catalytic cracking is used instead of thermal
cracking.

Catalytic cracking. Catalytic cracking is, in
fact, thermal cracking in presence of a catalyst. The
most commonly used catalyst is a mixture of silica
and aluminia (4 : 1). Catalytic cracking is generally
carried out at lower temperatures (600—650 K)
than thermal cracking.

This is the most widely used method in
petroleum industry and at present about 85% of the
total world production of gasoline is obtained by
this method. Further, this is the most important
method for the manufacture of alkenes such as
ethene, propenc and butenes which are widelyused
in industry.

{ii) Reforming. This process is used to (i)
increase the quality of the gasoline, and (ii) for the
manufacture of aromatic hydrocarbons such as ben-
zene, loluene, -xylenes, etc. from alkanes and
cycloalkanes. In this process, alkanes containing six
to eight carbon atoms are heated at about 873 K in
presence of palladium, platinum or nickel as
catalyst. During the reforming process, alkanes first
undergo cyclization and then aromatization or
dehydrogenation. For example,

/CHa
CH, CH,

| I
CH, CH,

P

Hexane

83K Pt

Cyclization (—H,)

'H
¥
|

Hill‘ 873K, Pt
H:I.C CH, Dehyd rogenation
/ or Aromatisation .1
H1 (—3Hy)
Cyclohexane
CH,4
|
/CHz
'|:H2 fHZ‘- BTIK Pt
CH, /(:H2 Cyctization (—H,)
\EH2
Heptane
CH, CH,
8TIK Pt
_—
Methylcyclohexane Dchydrogenation Toluene
or Aromatisation
(-3H,)

Further, it has been found that platinum is the
best catalyst and that is why reforming is sometimes
referred to as platforming.

15.11.5. Synthetic Petrol or Gasoline

During World War II, Germany was cut off
from the petroleum producing countries. In order
to meet the shortage of petroleum products, Ger-
man chemists and engineers developed the follow-
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ing two methods for converting coal into petroleum
like fuels :

(i} Fischer-Tropsch process. In this process, a
mixture of water gas (CO + H,) and excess of
hydrogen is heated to 473-523 K under a pressure
of 1—10 bar in presence of cobalt or nickel as
catalyst. Under these conditions, a mixture of
hydrocarbons is produced which can be refined as
discussed above.

473-523 K, 1-10 bar

CO + H, Mixture of + H,0
(Excess ) Co or Ni hydrocarbons

The overall yield of petroleum produced by this
method is higher than that obtained from the Bergius
process (discussed below) but the quality is poor.

(ii) Bergius process— Hydrogenation of
Coal. In this process, coal is finely powdered and
made into a paste with heavy oil. The paste is then
heated in a current of hydrogen at 773-873 K at
200-250 bar pressure using iron oxide as a catalyst.

T13~873 K, 200-250 bar

C+H, .

Iron oxide

Mixture of
hydrocarbons

The overall yield of petroleum by this method
is lower than that obtained from Fischer-Tropsch
process but the quality is better,

Due to depleting petroleum reserves in the
world, these synthetic methods have received con-
siderable interest particularly in countries which
are rich in coal but poor in oil.

15.11.6. Quality of gasoline — Octane number

Gasoline is mainly used as a fuel in internal
combustion engines of scooters, cars, acroplanes
etc. In the operation of such an engine, during the
downstroke of the piston, a mixture of gasoline and
air is drawn into the cylinder. During the upstroke,
the mixture is compressed to a small volume and is
instantaneously ignited by a spark from the spark
plug to produce CO, and H,0. As a result of

combustion, considerable expansion occurs and
the hot gases push the piston downward thereby
making the wheels move forward.

The efficiency of such an engine depends
upon the extent to which a gasoling-air mixture is
compressed at the time of ignition ; greater the
compression, greater is the efficiency. But increase in
compression beyond a certain limit results in pre-
ignition of the fuel-air mixture before the spark is
actually passed. This results in irregular combus-
tion which gives violent jerks to the piston. These
violent jerks produce a raltling metallic noise
known as knocking. Thus,

Knocking may be defined as pre-ignition of the

JSuel-air mixture in the cylinder ahead of the flame.
Knocking reduces efficiency of the engine and also
causes damage to the cylinder and the piston of the
engine.

Thus, the extent of knocking depends upon
the quality of the fuel used. In other words, a fuel
which produces minimum knocking is considered
as a good quality fuel. The anti-knocking property
or the quality of a fuel is usually expressed in terms
of octane number.

Octane number. Octane number is a scale
which is used to determine the quality of a fuel in
an internal combustion engine. It has been found
that straight chain aliphatic hydrocarbons have a
higher tendency to knock than branched chain
hydrocarbons. Two pure hydrocarbons have been
selected as standards. n-Heptane, a straight chain
hydrocarbon, knocks very badly when used as a
tuel. Due to its poor anti-knocking properties, it has
been arbitrarily assigned an octane number of zero.
On the other hand, 2, 2, 4-trimethylpentane or
iso-octane, a branched chain hydrocarbon, has the
highest antiknocking properties. Thus, it has been
given an octane number of 100.

CH,-CH,-CH,—CH,—~CH,-CH,—-CH,

n—Heptanc
(Octane number taken as zero)

CH, CH,
1 L Le el
CH,~*C—CH,—*CH-CH,
I
CH,

2, 2, 4-Trimethylpentanc or Iso—octane
(Octanc number taken as 100)

All the fuels are then graded on the basis of
their octane number ranging from 0 to 100. In order
to do so, various mixtures of these two hydrocar-
bons are tried in a test engine till a mixture is
formed which produces the same knocking as the
fuel being tested. The percentage of iso-octane in
this mixture is then taken as the octane number.
Thus,

Octane number may then be defined as the percentage
of isp-octane by volurne in a mixture of iso-octane and
n-heptane which has the same anti-knocking proper-
tiex as the fuel under examination.

For example, a fuel is assigned an octane num-
ber of 90if it has the same anti-knocking properties
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as a mixture of 90 percent iso- octane and 10 per-
cent n-heptane.

All good quality gasolines used in motor cars
Jhave an octane number of 80 or higher, while
gasoline used in aeroplanes has an octane number
of 100 or even higher. Recently, it has been found

" that certain hydrocarbons are even worse than n-
heptane and are assigned octane numbers of less
than zero while certain others are even better than
iso-octane and hence are given octanc numbers of
greater than 100 . For example, n-nonane has an
octanc number of — 45 while 2, 2, 3- trimethylbutane
or triptane has an octane number of 125.

The determination of octane numbers of
vari- ous hydrocarbons has revealed the follow-
ing facts:

(¥) Straight chain alkanes have very low octane
numbers. As the length of the chain increases, the
octane number further decreases. For example, oc-
tanc number of methane is 122, that of ethane s 101,
of propane is 96 and of butane is 89.

(it} Branched chain alkanes have high octane
numbers. Asthe extent of branching increases, octanc
number further increases.

#H0) Cycloalkanes have higher octane number
thafi the corresponding straight chain alkanes.

(#v) Unsaturated hydrocarbons i.e., alkenes and
alkynes have higher octane numbers than the cor-
responding straight chain alkanes.

(v) Aromatic hydrocarbons have very high oc-
tane numbers.

It has been found that the gasoline obtained
by the process of cracking has a higher octane
number than gasoline obtained by direct distilla-
tion. This is due to the reason that the cracked
gasoline contains a higher percentage of alkenes,
branched chain aliphatic hydrocarbons and
aromatic hydrocarbons. The octane number of a
fuel can be further increased by the process of
reforming which involves a number of processes
such as isomenization, dehydrogenation and cycliza-
tion of acyclic hydrocarbons.

15.11.7. Anti-knocking agents or gasoline
additlves

The problem of knocking in internal combus-
tion engines can be checked in two ways :

(i) By using fuels of higher octane nitmber as
discussed abave.

(é) By the addition of certain compounds to the
gasoline which reduce knocking. These are called
anti- knocking agents,

The overall order of decreasing octane num-
ber for various hydrocarbons containing the same
carbon content is : gromatic hydrocarbons >
cycloalkanes > alkenes > branched chain alkanes
> straight chain alkanes.

The best known anti-knocking agent is
tetraethyl lead (TEL), Pb(C,H,), which is added to
the extent of 0: 01% in the gasoline. Such a gasoline
is called ethyl gasoline or leaded gasoline. In the
cylinder of infemal combustion engine, tetraethyl
lead decomposes to produce ethyl radicals. These
free radicals combine with straight chain alkanes
and convert them into branched chain alkanes. As
a result, octane number increases and the knocking
decreqses.

Heat
—d

Pb + 4CH,CH,
Bthy! radicals

Pb(C,Hy),

The lead deposited in the cylinder is removed
by adding 1, 2- dibromoethane (ethylene bromide)
whch decomposes into ethene (ethylene) and
bromine. The bromine thus obtained combines
with lead to form lead bromide which being volatile
is carried off from the engine by exhaust gases.

BrCH,CH,Br — CH, = CH, + Br,
Pb + Br, — PbBr, (volatile)

Pollution problem. An internal combustion
engine discharges many gaseous products into the
atmosphere. These include CO,,H,0,CO,

oxides of nitrogen, unburnt hydrocarbons from
gasoline and certain compounds of lead. Some of
these products are highly poisonous and thus pose
4 pollution problem for the mankind. The gravity of
pollution problem has further aggravated due to
the increasing use of automobiles in the recent past.
To check this problem, the following measures are
being undertaken :

(i) In order to oxidise unburnt hydrocarbons
and CO to CO, and to decompose oxides of

nitrogen to nitrogen and oxygen, the use of catalytic
converter in internal combustion engines is increas-
ingly being used. In this regard, Goverment of India
has ordered that all the new cars meant for usc in
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metropolitan cities of the country must be fitted
with catalytic converters.

(i) As far as possible, the use of tetraethyl
lead is being avoided by increasing the octane num-
ber of the fuel by adding more aromatic and
branched chain aliphatic hydrocarbons to it.

Instead of using petrol or diesel, CNG is now
being used as a fuel for running buses, cars and
three-wheelers in metropolitan cities like Delhi,
Mumbeai, Kolkata, Chennai etc, Its octane number
is 130. Since the combustion of CNG is complete
without any unburnt carbon being released into the
atmosphere, the use of CNG has reduced pollution
to a considerable extent.

15.11.8. Quality of diesel — Cetane number

The quality of diesel fuel is expressed in terms
of cetane number. It is defined as follows ; —

Cetane number of u sample of diesel is the percent-
age of cetane by valume in a mixture of cetane and
a-methylnaphithalene which has the same ignition
properties as the diesel under examination in a test
engine.

Cetane (n-hexadecane, C, H,,) ignites rapid-
ly and is given a cetane number of 100 whereas
a-methylnaphthalene ignites slowly and is given a
cetane number of zero.

CH,

QO

a-Methylnaphthalene
Cetane No. =0
(Ignities slowly)
For example, a diesel oil having a cetane num-
ber of 80 would have the same ignition properties
as amixture of 80% cetane and 20% «-methylnaph-
thalene.

CH,-(CHy);y — CHy
Cetane (#-Hexadecane)

Cetane No. = 100
({gnites spontancously)

A sample of diesel has the
same knocking characteristics as a 60 mi mixture of
cetane and a-methylnaphthalene mixed in 2 : 1 ratio
(v/v). What is the cetane number of the diesel
sample ? (N.CERT)

Solution. Vol. of cetane = 60 X % = 40 ml

Vol. of a-methylnaphthalene = 60 x % = 20 ml
Cetaine number of diesel sample

_40 A
—60><100 66-6,

15.12. Petrochemicals #

Organic compounds obtained directly or in-
directly from natural gas or petroleum are called
petrochemicals. The major hydrocarbons obtained
from petroleum refining are given in the flow-sheet
chart given in Fig. 15.31.

MIXTURE OF LOWER
HYDROCARBONS

REFINERY |
GASES |~

PETROLEUM
REFINERY —"|GASOLINE

I—D BENZENE
AROMATIZATION |

(CATALYST) *TOLUENE
XYLENES

i NAPHTHA I

CATALYTIC CRACKING

Lo o

ACETYLENE 4—METHANE ETHAMNE ETHENE

PROPENE

B

BUTEME HYDROGEN

BUTANE

FIGURE 15.31. Hydrocarbons from petroleum refining.
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the
for

Methane is
major source
methanol, formal-
dehyde, formic acid,
halogenated methanes
such as methyl halides,
dichloromethane,
chloroform, carbon
tetrachloride and mixed
halides like freon (Fig.
15.32). It is also used for
making carbon black,
acctylene and synthesis
gas or water gas
(CO + H,). Hydrogen

from synthesis gas is
used for hydrogenation
and nitrogen fixation.

HCN43H,

r

CO+3Hy

-.B-;a,

CO+Hp

(Synthesis gas)

£

S12TK F RS0 (Geamy

[ 1o
CH3OH —»HCHO —3 HCOOH

B

e

CI:I_.I'I"-" HF
— 3 CH4Cl—2 CH3Cly =3 CHClg—» CClyg——> CCioF;

Frecn

o

k.
C+2H,

{Carbon black)

FIGURE 15.32. Industrial preparation of some important chemicals from methane

Ethylene oxide prepared i i
from ethane can be converted into CHoOH CHzOCH3
a large number of organic chemi- IH e Glyesl monameathyl
cals such as ethyl alcohol, acetone, E"ﬁ.ﬁ“ ghyeol e CHaCl
acetic acid, acetaldehyde, ethylene HyOH
glycol and its monomethyl deriva- 5 Ethylene
tive, ethylene chlorohydrin and CHaCHAOH 45%, t:::' HC chiorohydrin
ethylene cyanohydrin as shown in Ethy! alcohol
Fig. 15.33. H_No7_tonme , GH2OH

These petrochemicals are / \ CHaCHN
widely used in the manufacture of ¢ ST3TTH, CH2=CH2% cHy — CHy Enhrg:;:i :
iso-octane (aviation fuel), plastics ggmane “" 7" Ethylene Ethylons o
(polythene, polyvinyl chloride oxide
(PVC) etc.}, synthetic fibres (nylon,
terylene, dacron etc.), synthetic rub- FIGURE 15.33. Industrial preparation of some
ber, insecticides, pesticides, deter- important chemicals from ethane.
gents, dyes, perfumes, explosives etc.

Conceptual Questions

(). I. Ts it possible to isolate pure staggered ethane or pure eclipsed ethane at room temperature. ? Explain.

Ans. The energy difference between staggered and eclipsed forms of ethane is just 12-55 kJ mol ! which is easity
met by collisions of the molecules at room temperature. Therefore, it is not possible Lo isolate either pure
saggered or pure eclipsed cthane at room temperature.

. Consider 2-methylpropane (isobutane). Sighting along C; - C, bond:

(i) Draw Newman projections for the most stable and the least stable conformation.
(i) If 2 methyl-hydrogen interaction costs 5-85 kJ mol~ ! and a hydrogen-hydrogen interaction costs 4-18
k) mol ! of energy, calculate the energy difference between these conformations.

Ans. 2-Methylpropane may be regarded as 1, 1-dimethylethane.
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Sighting along C,; — G, bond, the Newman projections for the most stabie and !east stable conformations are -

R

CHy |
1
H

STAGGERED ECLIPSED
(most stable) (feast stable)

Now eclipsed conformation has two methyl-hydrogen and one hydrogen-hydrogen interactions, therefore, the
energy of eclipsed conformation is expected to be more than that of staggered conformation by
2x5-85+1x4:18=15-88kI mol™,

Q-3 Why propane has only one eclipsed conformation while butane has two ? Explain. (NC.EERT)

Ans. For purpose of writing conformations, propane may be regarded as 1-methylethane while butane may be
regarded has 1, 2- dimethylethane. Since propane has only one methyl group, therefore it has only one eclipsed
conformation in which there is one strong methyl- hydrogen interaction and two weak hydrogen-hydrogen
interactions. (For Newman projection of this conformation refer to Fig. 15.10).
However, in case of butane, there are two methyl groups, one each on each carbon and hence has two eclipsed
conformations.
(i) fully eclipsed conformation in which there arc one severe methyl-methyl interaction and twoweak hydrogen-
hydrogen interactions.
(41} partially eclipsed conformation in which there are two strong methyl-hydrogen interactions and one weak
hydrogen-hydrogen interaction. For Newman projections of these conformations refer to Fig. 15.11

Q- 4. Which of the following has the highest boiling point ?
(i) 2-methylpentane (i) 2, 3-dimethylbutane (iif) 2, 2-dimethylbutane, (NC.ERT)

Ans. Asthe branching increases, surface area decreases. Asa result, magnitude of van der Waal’s forces of attraction
decreases and hence the boiling point decreases. Now 2- methylpentane has the largest surface area and hence
has the highest boiling point. Further because of two branches on the same carbon, 2, 2-dimethylbutane has
lower surface area and hence lower boiling point that 2, 3-dimethylbutane. Thus, the overall order of decreasing
boiling points is
2-methylpentane (333 K) > 2, 3-dimethylbutane (331 K) > 2, 2- dimethylbutane {323 K).

Q5. What effect the branching of an alkane has on its melting point ? (NCERT)

Ans. In general, as the branching increases, the packing of the molecules in the crystal lattice becomes less close
and hence the m.p. decreases accordingly. However, if the branching makes the molecule symmetrical, the
packing of the molecules in the crystal lattice becomes close and hence the m.p. increases. For example, the
m.p. of isopentane (113 K) is lower than of n- pentane (143 K) but the m.p. of neopentane (256 K) is much
higher than that of isopentane and n-pentane.

Q- o trans-Pent-2-ene is polar while trans- but-2-ene is non-polar. Explain.

Ans. In frans-but-2-ene, the dipole moments of the two C—CH, bonds are equal and opposite and hence they
exactly cancel out each other. Thus, irans-but- 2-ene is non-polar

CH, §°c —H CHCH;xy, g
- C=¢C
H—" xcn, H-" Sycy,
#=0 a>0 "

However, in rans-pent-2-ene, the dipole moments of C—CH;and C—CH,CHj bonds are unequal. Althou gh

these two dipoles oppose each other, yet they do not exactly cancel out each other and hence frans-pent-2-ene
has a small but finite dipole moment and thus is polar.
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Predict the products when each one of the following :
{(a) Cyclobutene (b) 1-methylcyclobutene and

(c) 1, 2-dimethylcyclobutene,

is subjected to

() hot KMnO, solution

(if) ozome followed by treatment with Zn/H,0

CH,—CHO (1) Oy Hot KMnO, CH,—COOH
Ans. (ﬂ) (1: —_— &
H,—CHO (i) Zn/H,0 H,—COOH
Butane—1, 4—~dial Cyclobutens Butane—1, 4—dioic acid
(Succinaldehyde) (Succinic acid)
5CH, SCH,
3 4 f
CHI—& =0 ()0, | Hot KMnO, 3CH2—‘é =0
(b) 1: 1 et R 1
,CH,—CHO G2 R — 2CH,—COOH
4-Oxopentanal qmlobutc{'le 4—Oxopentanoic acid
CH,4
2
Hot KMnO, CH;—JS =0
© | _ 5
or (i) Oy, (i) Zn/H,0 1L,L—C=0
1, 2-Dimethy!- H,
cyclobutene Hexane~2, 5—dione
. % How will you prepare 3-methylbut-1-yne by starting with ethyne ?
Na , NH;(7)
Ans. HC = CH HC=C"Na*
Ethyne 196 K Sod. acetylide
CH, CH,
HC=C Nat + CH3—J‘,H—I —_— CH3—(L.H_C =CH + Nal
Isopropyl 10dide 3—Methylbut—1—yne
1. ¢ How will you prepare (f} cis-pent-2-ene nnd ¢rans-pent-2-ene by starting with ethyne.
Na, NH, (7} CH,l
Ans. HC=CH HC=C Nat ——
Ethyne 196K — Nal
Na, NH, (1) CH,CH,I
CH,;—C=CH CH;—C=C™Na* CH,—C = C—CH,CH,
Propyne 196K - Nal Pent—2-yne
|
H, / Pd-BaSO, Na / lig. NH,
+ § or quinoline 196 K
CH, S \C"/CH2CH3 CH3\C * r:""H
= “NH HASY TSCHOH;
cis—Pent—2—ene trans—Pent—2—ene

Starting with acetylene, how will you prepare pentan-2-one &
Ans. Prepare pent-2-yne as discussed in Q. 6 and then convert it to pentan-2-one by hydratica.
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CH,—C = C—CH,CH, + H,0 CH_-,—JZ = CHCH,CH,

Pent—2-~yne

OH
60% H,50,, HgSO, Tautomerises

333K

0]
CH}—&—CHZC[‘I‘ZCHJ
Pentan—2—one
(3. 11. Acetylene reacts with dil. H,S0, in presence of mercury salts to give acetaldehyde but with dil. HCl under
similar conditions, it gives viny! chloride. Explain why ?
Ans. First of all mercury ions form a complex (1) with acetylene. Since H,O is more nucleophilic than SO2~ ion, it
attacks the complex to form first vinyl alcohol which then tautomerises to give acetaldehyde

0
\ H,0 H OH Tautomerises
H—C E/C:—I.—I o ety [ B ey } Cﬂa—é—ﬂ

Acctylene 24 —Hg*t Acetaldehyde
Hg J Vinyl alcohol ya
Complex (1)

In case of dil. HCI, since Ci™ ion is more nucleophilic than H, O, it reacts with complex (T) to form vinyl chloride.

,—'—\\_ _’-'-\ 2 Cl = Hg+ il
, Cli e Clias _~Hg H \+ _!/ / —Hg Cla
H—C = C—H — /C =C — CLC—H /C = CH,
NeEyie H “SH v H
(_'Hg' H H Vinyl chloride
(). 12. How will you separate 8 mixture of ethane, ethylene and acetytene ?
Ans. This mixture can be separated into its constituents by the following steps :
Step 1. Pass the mixture of gases through Tollens’ reagent when acetylene will form white precipitate of disilver
acetylide while ethane and ethylene will pass through.

HC = CH + 2[Ag(NH;),|*OH™ — Ag—C=C—Ag+4NH; + 2H,0
Acetylene Tollens’ reagent Disilver acetylide

Separate the white ppt. by filtration and treat it with dil. HNO, toregenerate acetylene. Collect it in a separate
container.

Ag—C=C—Ag + 2HNO; — HC=CH + 2 AgNO,
Step 2. Pass the mixture of ethane and ethylene through cold cone, H,50, when ethylene will be absorbed as
ethyl hydrogen sulphate while ethane escapes. The ethane thus obtained is collected in a separate container.

CH, = CH; + H,;80, (conc.y —  CH,CH,0S80,0H

Ethylene Ethyl hydrogen sulphate
The ethyl hydrogen sulphate thus obtained is heated 10 433—443 K when ethylene is obtained which is collected
in a separate container

433 -3 K
CH;CH,080;H —

CH; = CH, + H,50,
(). 12. A conjugated alkadiene having molecular formula C,3H;; on ozonolysis yielded ethyl methyl ketone and
cyclohexanecarbaldehyde. Identify the diene, write its structural formula and give its [UPAC name.

(N.C.ERT)
Ans. The structures of the products of ozonolysis are :
CH,
~ca0 and 0= CHD
CH,CH, -~
Ethyl methyl ketone (C,H,0) Cyclohexanecarbaldehyde

(CH,,0)
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Q. 14.
Ans.

Ans.

Q. 16,

Ans.

Q17

Q. 15

Since the total pumber of carbon atoms of the two products is 11 (4 + 7), therefore, the ozonolysis must have
also produced another lwo carbon product. Further since the given compound (C,3l5,) is an alkadiene,

therefore, this two carbon product must be glyoxal, © = CH—CH = O. Replace the oxygen atoms from these
three products by double bonds, the structure of the alkadiene is

ClsGs a2 1
™ o JoH G CH—D
(S

CH,CH,

1—Cyclohexyl—4—methylhexa—1, 3—diene
Why are conjugnted dienes more reactive than alkenes or alkynes towards electrophilic addition reactions ?

The relative reactivity of aikenes, alkynes and conjugated dienes depends upon the stability of the carbocations
they generate on addition of an electrophile. Thus,

CH1=mr+ —+ CHy~CH,—Br CH=CH + Br¥ — EH=CH—Br
Ethene O Ethyme 11
CH,=Ct |—{:11=/r_t;: 5 ki Br-CHZ—Engchuz —_— Br—-—CH2—CH=CH—(+3H2
Buta—1, 3—diene n
Amongst the carbocations (I, I1 and IIT), the carbocation (IIT) resulting from buta-1, 3-diene is the most stable
since il is stabilised by resonance. Out of carbocations (1 dnd 1), carbocation (II) resulting from alkyne is less
stable since the +ve charge is located on a more electronegative sp*- hybridised carbon. Thus, the stability of
carbocations follows the order : IIl > I > I Accordingly, the reactivity decreases in the same order, ie.,
conjugated diene > alkene > alkyne.

. How will you distinguish between buta-1, 3-diene and but-1-yne ?

But-1-yne is a terminal atkyne and hence can be distinguished from bula-1, 3-diene by Tollens’ reagent which
forms a white ppt. with but-1-yne and but not with buta-1, 3-diene.

CH,CH,—C = CI + {Ag(NH,),]*OH™ —» CH,CH,—C = C Ag + 2NH, + H;,0

But—1-yne Tollens’ reagenl Sitver but—1-ynide
(white ppt.)
CH,=CH—CH=CH, + {Ag (NHy),]* OH™ — No reaction.

Buta—1, 3—~diene
What are the main constituents of LPG ?
The main constituents of LPG are butane and isobutane. Both these isomers can be easily liquefied and hence
can be conveniently transported in iron cylinders.
Out of 2, 2, 3-trimethylbutane, 2, 2, 4- trimethylpentane and 2, 2, 3, 3-tetramethylbutane which has the
highest octane number. Explain.

_ Since the octane number increases as the branching increases. Therefore, 2, 2, 3, 3-tetramethylbutane having

Ans.

Q19
Ans

four branches has the highest octane number.
Why do the C—C honds rather than C—H honds break during cracking of alkanes ?

Since the bond dissociation energy of C—C bonds (355 kJ mol ™) is lower than bond dissociation energy of
C—H bonds (414 kJ mol™ 1y, therefore, during cracking of alkanes, C—C bonds break more easily than C—H
bonds.

What is solvent naphtha ? What is its use ?

During coal-tar distillation, various fractions can be collected. The fraction distilling between 413433 K is
called solvent naphtha. It mainly contains xylenes and cumenes and is used as a solvent for resins, rubbers,

paints etc.



HYDROCARBONS 15/99

Very Short Answer Questions  caArRrRvING tmark

Q. 1. Give the IUPAC name of the lowest molecular weight alkane that contains a quaternary carbon.
Ans. 2,2-Dimethylpropane.
Q. 2. Write the IUPAC names of the following molecules :

(a) CH, = CH—~CH—CH = CH—CH = CH, () HC = C—CH—CH = CH,

CHy s (NCERT)
1 Z 3 4 5 [ 7 5 L) 2 1
Ans. (2) CH; = CH—CH—CH = CH—CH = CH, (b)HC=C—CH-CH = CH,
HJ HJ
3=Methylhepta—1, 4, 6—tricne 3~Methylpent—1—en—5-yme
Q. 3. Draw the structures of the following showing all C and H atoms.
(a) 2-Methyl-3-isopropylheptane () Dicyclopropylmethane. (NCERT)
Ans. (a) CH;—CH—CH—CH,—CH,—CH,—CH, () HZE>CH—CH1—CH <in
HZ H2
H; CH—CH, Dicyclopropyimethane

H;
2—Methyl—3—isopropythcptane
Q. 4. In the alkane,
]lJC—CHz—C(CH3)2—CIIZ—CH(CHJ)2, identify 1°, 2°, 3° carbon atoms and give the total number of

H-atoms bonded to each of these. {(NCERT)
ik 1=
GHY o HCHg
igiezy J:-z' zé 1°
Ans. l—I3C—CH2—l CH,—CH—CH,
1-CH;
I'H=3+3+3+3+3=15,
2H=2+2=4; 3H=1
Q. 5. Arrange the following n increasing order of their retease of energy on combustion.

o) /\)\ i) 7/4 i) /\/\/\ ) M

Ans. More the number of C-atoms having maximum hydrogens, i.e., CHj, groups, greater is the heat of combustion.
Thus the increasing order of heat of combustion is (iif) < (iv) < (i) < ().
Q. 6. Write the structure of all alkenes which on hydrogenation give 2- methylbutane. (NC.ERT)
CH, CH, CH,
Ans. (i)CH, = JZ—CHZCH3 (&) CH,—& = CHCH, (iii) CH3-—JJH—CH = CH,
Q. 7. Which of the following polymerises most readily ?
(i) Acetylene (if) Ethene (iii) Buta-1, 3- diene. (NCERT)

Ans. Buta-1, 3-diene being more reactive undergoes polymerization readily. The actual order is : buta-1, 3-diene >
ethene > acetylene.

Q. 8. Arrange the following set of compounds in order of their decreasing relative reactivity with an electrophile,
{
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(i) Chlorobenzene, 2, 4-dinitrochlorobenzene, p- nitrochlorobenzene
(if) toluene, p-H,C—C H,—CH,, p-H4C-—C.H,—NO,, p-0,N—C.H,—NO, (NC.E.R.T)
Ans. Electron-donating groups increase the reactivity while electron- withdrawing groups decrease the reactivity.
Thus, (i) chiorobenzene > p-nitrochlorobenzene > 2, 4- dinitrochlorobenzene.
(if) p-CH4—C¢H,—CH, > toluene > p-H,C—CH,—NO, > p-NO,—CH,—NO,
Q. 9. Indicate the primary, secondary, tertiary and quaternary carbon atoms in the following :
(f) 3-Ethyl-2-methythexane (i} 2, 2, 4-Trimethylpentane.

a

1" F |
CH, CH,CH,

o "

1
CH, CH,

y city - i - iy Crty - & - cy - &
Ans. (i) CH;- CH-CH -CH, -CH, -CH, (i) CHy-C-CH,-CH - CH,
b o R r I* £] > E 1
CH,4
1°
Q. 10. Name the chain isomer of C4H,, which has a tertiary hydrogen atom.
Ans. 2-Melhylbutane, (CH),CH — CH, - CH,.

Q. 11. What type of isomerism is shown by butane and isobutane ?
Ans. Chain or nuclear isomerism.
Q. 12. Why is cyclopropane very reactive as compared to cyclohexane 7
Ans. In cyclopropane, the ring is quite strained since the C—C—C bond angles are only 60° as compared to 109°
28’ in cyclohexane.
(. 13. Which of the following shows geometrical isomerism ?
(i) CHCI=CHClI (ii) CH, =CCl, (iif) CCl;=CHCI
Give the structures of its ciy and frans forms.

Ans. Only (i) i.e. CICH = CHCI has two different substituents on each carbon atom of the double bond and hence
shows geometrical isomerism. The other two compounds, Le. (i) and (iif) do not show geometrical isomerism
because one of the carbon atoms of the double bond in each case has two identical atoms, ie. Clatoms.

cir—1, 2—Dichloroethene  frans—1,2—Dichloroethene
Q. 14. How many structural and geometrical isomers are possible for a cyclchexane derivative having the
molecular formula, CgH, . ?
Ans. Five structural isomers : ethylcyciohexane, 1,1; 1,2 1, 3-and 1, 4-dimethylcyciohexanes. Six geometrical
isomers since each of 1,2 1, 3-and 1, 4-dimethylcyclohexanes has two geometrical (cis and #rans) isomers.
Q. 15. What type of hybridization Is involved in (i) planar and (ii) linear molecules ?
Ans. (i)sp? and (i) sp.
Q. 16. Write all the possible isomers for a benzene derivative having the molecular formula CgH .
Ans. Four isomers ; ethylbenzene, o-xylene, m-xylene and p-xylene. For structures refer to the text.
Q. 17. How will you separate propene from propyne. (NC.ERT)
Ans. By passing the mixture through amm. AgNO, solution or amm. Cu(l solution when propyne reacts while
Propene passes over.

Q. 18. A compound Is formed hy the substitution of two chlorine atoms fur two hydrogen atoms in propane. What
is the number of structural isomers possible? {B.LT Ranchi, 1%92)

Ans. Four : 1, 1-dichloropropane (CH,CH,CHCl,), 2, 2- dichloropropanc (CH,CCL,CHy), 1, 2-dichloropropane
(CH,CHCICH,Cl) and 1, 3-dichloropropane (CICH ,CH,CH,Cl).

Q. 19. Give the structure of an optically active hydrocarbon (C¢H,;;) which on catalytic hydrogenation gives an

optically inactive compound (CgH, ). LT 1993
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Ans. 3-Methylpent-1-ene

CH, CH,
| H,/Ni J:
CH, =CH -*CH - CH, - CH; —— CH;CH,-CH-CH,CH,
3—Methylpent—1—cne 3—Methylpentane
(Optically aciive) (Opiically inactive)

Q. 20. Arrange the following in the increasing order of C—C bond length C,H;, C;H,, C,H,
(OLT Ranchi 1994)
Ans. CH, < GH, < GH,.
Q. 21. Name two industrial sources of hydrocarbons.
Ans. Coal and petroleum.
Q. 22. What does LPG stand for ?
Ans. Liquefied petrolcum gas.
Q. 23. What type of hydrocarbons are present in high octane gasoline ?
Ans. Branched chain atiphatic and/ or aromatic hydrocarbons.
Q. 24. What are the chief constituents of light oil fraction?
Ans. Benzene, toluene and xylenes.
Q. 25. Name the products formed when an ethereal solution containing ethyl iodide and methyl lodide is heated
with sodium metal.
Ans. A mixture of ethane, propane and butane is formed.
Q- 26. Out of ethylene and acetylene which is more acidic and why ?
Ans. Acetylene, due to greater electronegativity of the sp- hybridized carbon.
Q. 27. What is Lindlar’s catalyst ? What is it used for ?
Ans. Pddeposited over CaCOj; or BaSO, and partially poisoned by addition of lead acetate or sulphur or quinaline.
It is used for partial reduction of alkynes to cis-alkenes.
Q. 28, Define cracking ?
Ans. The thermal decompoasition of higher hydrocarbons into lower hydrocarbons in presence or absence of a
catalyst is called cracking.
Q. 29. What scale is used for measuring the quality of gasoline ?
Ans. Octane number.
Q. 30. Write the structure of the alkene which on reductive ozonolysis gives butanone and ethanat.
Ans. CH,CH,C(CHj;) = CHCH, (3-methyl-2-pentenc).
Q. 31. What is teflon ? What is it used for ?
Ans. Poly (tetrafluoroethylenc) is called teflon. It is used for making non-stick utensis.
Q. 32. Name two reagents which can be used to distinguish between ethene and ethyne.
Ans. Tollens’ reagent and ammoniacal CuCl solulion.
Q. 33. How can ethylene be converted into ethane ? (BLT Ranchi 1991}
Ans. By catalytic reduction with H, in presence of nicke] at 523--573 K.

7]

Q. 34. How will you detect the presence of unsaturation in an organic compound ?  (AMLLAK Allahabud 1990
Ans. Either by Baeyer's reagent or by Br, in cq,.
Q. 35. Explain the term knocking. A sample of petrol produces the same knocking properties as the mixture
containing 30% n-heptane and 70% iso-octane. What is the octane number of the sample ?
(L.S.M. Dhanbad 1990)
Ans. 70,
Q. 36. Write the structural formulae of all the possible Isomers of C,H,Cl, and indicate which of them is
non-polar ? (M.L.N.R. Allahabad [992)
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Ans (i) cis -1, 2-dichloroethene (ii) trans-1, 2-dichlorocthenc and (##) 1, 1- dichloroethene (i) is non-polar]
Q. 37. Use Markownikov's rule to predict the product of the following reactions :
(¢ HCl with CH,CCl = CH, and (i) HC] with CH;CH = C{CHj),. (LS.M. Dhanbad 1992)
Ans. CH,CCl = CH, + HCl — CH,CCL,CH,
CH,CH=C (CH;), + HCl—— CH,CH, - CCl(CH,),
Q. 38. Arrange the following in order of increasing volatility : gasoline, kerosene and diesel. (/.07 Ranu fuf 1992}
Ans. Dicsel, kerosene, gasoline.
Q. 39. Arrange the following : HCl, HBr, HI, HF in order of decreasing reactivity towards alkenes.
(M.L.N.R. Allahal.ad 1993)
Ans. HI > HBr > HCl > HE
Q. 40, Give the structure of the alkene (C,H,) which adds on HBr in the presence and in the absence of peroxide
to give the same product, C ,HgBr. (LLT 1991

Ans. 2-Butene (being symmetrical gives the same product i.e., 2-bromobutane).
(. 41. Give the structure of an alkene (C,Ig) which when treated with H,0 / H,50, gives C,H,,0 which cannot

be resolved into optical isomers.
Ans. 2-Methylpropene or isobutylene on hydration gives r-butyl alcoho! which is opticaily inactive. The other two
butcnes, Le., 1-butene and 2-butene will give 2-butanol which can be resolved.
Q. 42. Although benzene is highly unsaturated, it does not undergo addition reactions.
(M LNR Allahaband 1995)
Ans. Because of extra stability due to delocalization of x-electrons, the double bonds of benzene usually do not
undergo addition reactions.
Q. 43. How will you demonstrate that double bonds of benzene are somewhat different from that of olefines 7
{West Bengal JLE.E. 2004)
Ans. The double bonds of olefines decolourize Br, in CCl, and discharge the pink colour of Baeyer’s reagent with
simultaneous formation of a brown ppt. of MnO, while those of benzene do not.

Q. 44, Which one of the following has the maximum number of z-bonds — propyne, butadiene, benzene ?
(West Bengal JE L 2004)

Ans. Benzene has three z-bonds while propyne and butadiene both have two x-bonds each.

ShortAnswer Questions,  CARRYINGZ6rsMARKS

e

R A e e 2 oy e e S L R bt

Sec. 15.1. 1. What are alkanes ? Why are they called paraffins ?
to 153, i
3. Draw the structure of 2, 2, 4-trimethylhexane and indicate how many each of the 1°,2°, 3° and 4°

carbons does it contain ?
Comment upon three dimensional structures of alkanes and their planar representations.
Write the structural isomers of CsH; and their IUPAC names.

How can alkanes be prepared from (i) an alkene, (i) an alkyl halide, and {éti} a carboxylic acid ?
How can the following reactions be used to prepare alkanes.
(i) Wartz reaction, (i) Kolbe's electrolytic method, and (i) Sabatier and Senderen’s reaction ?

7. Give reasons for the following :
(i) The boiling points of alkanes decrease with branching.
(i) The melting points of alkancs with odd number of carbon atoms are lower than those with even
number of carbon atoms.
(i) Straight chain alkanes possess higher boiling points than the corresponding branched chain
ISOmeErs.

=

awm o a
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See. 153
o 15.6.
Sec. 157

8.
10,
il1.
12.
13.

14,

15.

16.
17.
18.
19.

20.
21.
22.

23
24.

25,

26.

28.
29,
30.

31.
32.

3.

3s.
3s.

What effect does branching of an alkane have on its melting point. (NC.ERT)
Give two methods for the preparation of alkanes from carbaxylic acids.

Starting from ethanoic acid, how will you prepare (f) methane (i) ethane ?

What is Wuriz reaction ? How can it be used to prepare butane ?

Wurtz reaction is a good method for the preparation of alkanes containing even number of carbon
atoms but not for alkanes containing odd number of carbon atoms. Comment.

Grignard reagent on hydrolysis gives a hydrocarbon. Give equation suggesting another method by
which the bydrocarbon obtained in the above reaction can be prepared.

What is a Grignard reagent ? How is propane prepared from a Grignard reagent ?
[Ans. CH3CH2CH2Br + Mg — CH3CHzCHzMgBr (Grignard reagent)
CH3CH2CH2MgBr + H20 — CH3CHRCH;3 + Mg (OH) Brj
n-Propylmagnesium bromide on hydrolysis gives propane. Is there another Grignard reagent which
also gives propane ? It so, give its name, structure and equation for the reaction.
[Ans. Isopropylmagnesivm bromide, (CH3)2CHMgBr, (CHa»CHMgBr + H20
— CH3CH2CH3 + Mg (OH) Br|
Discuss briefly the mechanism of halogenation of methane.
What is Wurtz reaction ? What are its liminations ? How have these liminations been overcome ?
What is Corey-House reaction ? In what way, it is superior to Wurtz reaction ?

Write short notes on : (#) Oxidation reactions of alkanes. (i) Isomerization of alkanes.
Why is rotation about carbon-carbon single bond free 7 What type of isomerism does it lead to ?
[Ans. Conformational isomerism|

Draw the Sawhorse and Newmar: projections for the staggered and eclipsed conformations of ethane.
Discuss their relative stability. Can these conformations be separated ? If not, then why ?

Write the gauche, staggered, eclipsed and partially eclipsed conformations of #-butane. Comment
vpon their relative stability.

Draw Newman projection formulae of n-butane. (NCERT)
Why propane has only one eclipsed conformation while butane has two ? Explain and give diagrams,

(N.CERT)
Draw the structures of three cycloalkane isomers with molecular formula CsH, g each with a different
ring size. (N.C.ER.T)
Between the two conformational isomers of cyclohexane, i.e., chair and boat forms, which one is more
stable and why ? (NC.ERT)

How can alkenes be prepared from (¢) alcohol, and () an alkyl halide ?
How can ethene be prepared from (i) ethanol and (#) ethyl iodide ?
Give the mechanism of dehydration of aicohols.

Chloroethane is (reated with alcoholic caustic potash ? Give another method by which the hydrocar-
bon obtained in the above reaction be prepared.

Explain the following with one example :

(a) Dehydrohalogenation (b) Dehydration.

Discuss briefly the mechanism of addition of Br, 10 alkenes.

How will you test the presence of double bond in an alkene ? Give chemical equations for the reactions
involved.

Explain why rotation about carbon-carbon doubie bond is hindered ?

What is the origin of geometrical isomerism in alkenes ?

Which of the following alkenes will show geometrical isomerism ?

() Propene (if) But-2-ene  (fif} But-1-cne () 2, 3-Dimethylbut-2-ene. [Ans. (i) but-2-ene)
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37. Draw structures of six isomeric pentenes, CgHo. Specify as E and Z, to each geometric isomer.
(NC.ERT)
38. Addition of HiBr to propene yields 2-bromopropane while in presence of benzoyl peroxide, the same
reaction yields 1- bromopropane. Expiain and give mechanisal. (NM.CERT)
39, What is peroxide effect ? Why is it applicable only in case of HBr and not in case of HCl or HI ?
40. (a) What is ozonolysis ? How can ozonolysis be used 1o determine the position of a double bond in
an unknown alkene ?
(b) Give the name of the alkene which on ozonaolysis gives only propanone.
41. Give reasons for the following :
(£) The melting point of cis-2-butene is lower than that of trans-2-bulene.
(if) Addition of Br, to cyclohexene gives only rans-addition product.
42. Write notes on : (i) Markovnikov’s rule (i) Polymerization of ethene and substituted ethenes.
Scel5.5 43, Howis acetylene prepared by (i) Kolbe's ejectrolysis (i) Dehydrohalogenation of 1, 2-dihaloalkancs
%
44. What happens when calcium carbide is treated with water ? Give chemical equation for the reaction.
45. Describe with a labelled diagram the laboratory method of preparation of acetylene. How can it be
converted to 1-butyne and 2-butyne ?
[Hint. HC=C " Na‘* + CH;CH,] — HC=CCH,CH; + Nal
Sod. acetylide Ethyl iodide 1=Butyne
Na* ~C=C~Na* + 2CH,l — CH;C=CCH; + 2Nal]
Disodium acetylide Methyl iodide 2—Butyne
46. Write the equation for preparation of propyne.
47. Alkynes contain Iwo x-bonds but still do not show geometrical isomerism whereas alkenes contain
only one x- bond but show geometrical isomerism. Comment.
48. Comment upon acidic character of terminal alkynes.
49. Account for the order of acidity : acetylene > benzene > hexane. (N.C.ER.T)
50. Explain why are alkynes iess reactive than alkenes towards electrophilic addition reactions ?
51. Explain why alkynes undergo nucleophilic addition reactions while simple alkenes do not ?
(NC.ERT)
52. Discuss the stereochemistry of the reduction products obtained when but-2-yne is reduced with (i)
Lindlar’s catalyst (i7) Na in liquid NH;,
53. Sketch the mechanism of addition of water 10 alkynes.
54. Discuss the polymerization reactions of alkynes.
55, Write short notes on : (i) Oxidation of alkynes (i) Isomerization of alkynes.
56. How will you carry out the following conversions i
(i) HyC—CH,—CH = CH,; — H3C—CH2-—CH2—CH20H
(if) HC—CH,—CH = CH; — H3C—CH2—CH(OH)—CH20H
(i#i) Br,CH—CHBr,— HC = CH
(iv)H,CC = CH— H3C—-COCH3 (NCERT)
Seel59 87, Give one example of each of (i) a conjugated diene (i) an isolated diene (iif) a commulene.

59.

60.

Draw orbital diagram for 1, 3-pentadiene and 1, 4-pentadiene and explain which of the two is more
stable.

Explain why addition of Br, 1o 1, 3-butadiene predominantly gives 1, 4-addilion product when 1,
2-addition product is formexd [aster.

Discuss briefly the mechanism of addition of Br, to 1, 3-butadiene.
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61.

62.
63,

65,
66.

67,
68.
69.
70.

7L.

72.

73.
74.
75.

76.
il
78,
79.

81.

82.

Write short notes on :

{r) Diels Alder reaction. (i)} Polymerization of conjugated dienes.

Why conjugated dienes undergo 1, 4-additions ? Explain. (N.CER.YT)
If one mole of HBr is added to the following compounds, write down the structures of the products
expected to be formed : (i) buta-1, 3-diene

() penta-1, 3-diene (fii) penta-1, 4-diene (iv) but-1-ene. (N.CEER.T)
Discuss the orbital structure of benzene.

Benzene contains three double bonds yet it behaves like a saturated compound. Explain.

Why is that the carbon-carbon bond distance in benzene is intermediate between carbon-carbon single
bond and a carbon- carbon double bond.

What is meant by (i) delocalization (if) resonance energy ?
Draw structures to show position isomerism in arenes.
How is resonance energy of benzene calculated ? Explain.

Write down the products of ozonolysis of 1, 2-dimethylbenzene {o-xylene). How does the result
support Kekule structure of benzene ?

(a) Define substitution reactions. Why do arenes undergo substitution reactions even though they
contain double bonds ?

(b) What happens when benzene is treated with :

(¥) Br; in presence of anh. AICI,

(if) Conc. H,80, at 330 K

(#r) Mixture of conc. H,S0, and conc. HN 0, at 330K

{iv) Chloroethane and anhydrous AlCY, and

(v) Ethanayl chloride in presence of anhydrous AlCl,.

th does benzene undergo electrophilic substitution reactions casily and nucleophitic substifution
actions with difficulty. (NC.ERT)

Discuss the mechanism of nuclear halogenation of arenes ?

Discuss the role of catalyst in the electrophilic substitution reactions in benzene.

Explain the term aromaticity ? How can Huckel rufe be used to determine the aromaticity of a
compound.

What are the necessary conditions for any compound (o show aromaticity ? (NCERT)
Discuss the directive influence of nitro group and its effect on the reactivity of the compound,

How will you explain that methyl group is o, p- directing ?

Predict the products of the following reactions :

{i) Alk. KMnO,, A Conc. HNO,
(ir) Nitrobenzene
i) H+/H20 + Conc. H,S0O,

(i) Toluene

Anhyd. AICI,
(i) Ethylbenzene + acetic anhydride

Write down the products and give the mechanism of the following reactions.

(8} CsHsOH + H,S0, (conc.) (@) CgHsCH, + HNOj; and H,SO, {conc.) (NCERT)
How will you convert the following compounds into benzene ?
(¥) Acetylene (ii) Benzoic acid (##y Hexane. (NCERT)

Comment upon the toxicity of polynuclear hydrocarbons,

- ‘What is straight run gasoline ? Describe the principle of obtaining straight run gasoline from

petroleum.

Explain u])e term ‘knocking’. What is the relationship between the structure of & Bydrocarbon and
knocking ?
i
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85. (i) Describe a scale for measuring the guality of gasoline.
(if) A sample of gasoline produces the same knocking as a mixture containing 35% n-heptane and
65% iso-octane. What is the octane number of the sample ? [Ans. 65]
86. Some fuels have octane number higher than 100. Explain. (N.C.E.R.T)
87. Name three major products obtained by fractional distillation of petroleum and state one major use
of each.
88. Name one anti-knocking agent ? What are its merits and demerits ?
89. Discuss the principle of petroleum refining.
90. What do the abbreviations LPG and CNG stand for ? Discuss their uses.
91. Explain the term ‘octane number’. How can octane number of a fuel be increased ?
92. Describe two methods to improve the quality of a fuel used in an internal combustion engine.
93, Explain the following processes : (i) Cracking (if) Reforming.
94. What are petrochemicals. Discuss their utility.
LongAnswer Questions, CARRVINGSSrmors MARKS.
Sec.15.1. 1. What are hydrocarbons ? How are they classified ?
to 15.3.
2. Discuss briefly the structure of alkanes. What are the various methods used for their representation.
3. Draw all the structural isomers with the molecular formula, CgH,,. Name each one of them by the
TUPAC system. Also indicate primary, secondary, tertiary and quaternary carbons in each one of them.
4. Give the various methods used for the preparation of afkanes. Describe with labelled diagram the
laboratory preparation of methane from sodium acetate and soda lime.
5. Discuss briefly the various physical properties and chemical reactions of alkanes.
Sec.154. 6. What do you understand by the term conformation ? Discuss briefly the various methods used for
to 15.6. the representation of conformations of an alkane ?
7. Why does a planar structure for cyclohexane fait to account for its characteristics ? Draw the chair
and the boat conformations of cyclohexane and explain their relative stability.
8. Draw the various conformations of n-butane and comment upon their relative stability.
See. 157 9. What are alkenes ? Discuss briefly the various methods used for the preparation of alkenes. Describe
with a labelled diagram the laboratory preparation of ethene from ethanol.
10. Give an account of physical and chemical reactions of alkenes.
See15.8. 11, What are alkynes ? How are they prepared in the laboratory ?
to 15.9.
12. Give an account of physical properties and chemical reactions of alkynes.
13. What are alkadienes ? How are they classified ? Discuss their relative stabilities.
14. Discuss bricfly the chemical reactions of dienes.
See.15.10 18, What are arenes ? How are they classitied ? Discuss briefly the isomerism and nomenclature of arenes.
16. Discuss the structure of benzene laying emphasis on resonance and orbital structure.
17. Justify the statement : Benzene is a highly unsaturated compound but behaves like a saturated
compound.
18, Discuss briefly the mechanism of electrophilic substitution reactions in benzene.
19. Explain the dircctive influence of various substituents and their effect on reactivity of arenes.
Sec.15.11.20. What is petroleum ? How does it oceur in nature ? Give its chemical composition. Describe the most
to 15.12. accepted theory about its origin.
21. How is petroleum refined ? Give the composition, boiling ranges and uses of various fractions
obtained from petroleum refining.
22. What are petrochemicals. Write the names and uses of some of them.
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 ADDITIONAL, USEFUL INFORMATION

b

1. Mechanism of addition of elements of hypohalous acids to alkynes. Addition of Cl, or Br, in presence
of H,0 to alkynes is an electrophilic addition reaction and oceurs in the following two stages.

d+[ 3~  Slow +
Stage I HC=CH+C—Cl —— HC=CH—Cl+C~

- it Fast + | 2
H,0 " + MO = CH—C1 5, H-j0—CH = CH—Ci — [HO—CH = CH—0J]
| i3 !

H (2—Chloroeth~1—en~1—af)

Stage IL. The addition of C1* to (1) can occur to give either carbocation (11 or IT1) both of which are stabilized

by resonance.
HO—CH = CH—CI + CI-LCI

1

| Slow (- CI7)
. e S '/‘
HOCH—CHCI, HO—CH—CH-CI:
vT I I J:l nII
+ +
HO = CH—CHCJ, HO—CH—CH = CI:

1

: In carbocation ([I), the lone pair of electrons on O are present in a 2p-orbital and the carbon atom having

- +ve charge has an empty 2p-orbital. Therefore, carbocation (I1) is stabilized by 2p-2p stabilization. In contrast in
. carbocation (I11), the lone pair of electrons on Clare ina 3p-orbital while the carbon atom having +ve charge like

~ that of carbocation (1T) has 2p-empty orbital. Since Zp-orbitals of O and C are almost of equal size, therefore,
- carbocation (I1) is better resonance stabilized than carbocation (I11) in which orbitals of unequal sizes interact. As
_ aresult, reaction occurs through the mare stable carbocation (1) and the final product is 1, 1-dichloroethanal :

+ o
HO—CH—CHCL + : OH, —
i -ut

O = CH—CHCl,

- H,0 e
OH 2 1, 1—-Dichloroethanal

(unstable)
2. Mechanism of hydration of alkynes. Hydration of alkynes is an elecirophilic addition reaction and is

believed to occur in two steps. In the first step, the Hg?* forms a complex with the triple bond which is then
- attacked by water to form an intermediate (1)

HO-CH —CHCIZJ

15/107
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ADDITIONAL USEFUL INFORMATION contd.

Step 1.
r\ bl
CH,—CaCH +H g2t — CH;—C = C—H
D
Propyne 'Hg'
Complex
Step 2.
H
CI
ﬂ O+
d+ w  Tast H HO H
CH,—C.=.CH + H;0: — \C=CH Ew 018 ~Nc=c””
3 CH3/ [ _n* CH3/ 1 \Hg"'

[_:,H gt Hgt
Protonation of intermediate (T) followed by loss of Hg?? gives the enol (II) which subsequently readily
tautomerises to give the corresponding carbony! compound

HO /;‘\‘ HO
EACT H+ e

+ H HO H
CH, \ Hg* CH, K/\ Hgt -Hgtt |CHs
0]
Tautomeri
1 — CH3—(!—CH3
Propancone

3. Geometrical isomerism in oximes and azo-compounds. Due to restricted rotation around C = N, aximes™*
like alkenes also show geometrical isomerism. However, here, the prefixes syn (for cis) and anfi (for trans) are
more commonly used. In case of aloximes (oximes derived from aldehydes), syn isomer is the one in which H atom
and OH group lic on the same side of the double bond but in the ansi-isomer, H and OH lic on the oppasite sides
of the double bond. For example,

Lone pair OH
CeHs - ﬁ sp*—orbital CeHs < —a
20 BN H~ Lone pair
~ OH sp*—orbital
3 syn—Benzaldoxime anti—Benzaldoxime

In case of ketoximes (ie., oximes derived from ketones), the prefixes syn and ansi indicate the relationship
of the first group named and the hydroxyl group. Thus,

CoH St CH, CeHyn,_ C/CHJ
4 |
g N~ OH HO™ %

syn-Methyt phenyl ketaxime anti-Methyl phenyl ketoxime

*Oximes ate the compounds formed by the action of hydroxylamine to aldehydes and ketones under weakly acidic (pH
3:5-4-0) conditions :

CH, L < oy ut CH,
TSc-I0+ HNOH > C=NOH + H,0
He" beesmees Firaty= pH3:5-4:0 el
Acetaldehyde amine Acctaldoxime
Cetls . =i u* CH;
S c =i H; INOH >C=NOH+H,o
G mewes = pH3-5-4-0 CH,

Acetophenone Acetophenone cxime
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Similarly, due to restricted rotation around N = N, azo* compounds also show geometrical isomerism. For

example,
: ; [ : CsHs { ;
=3
/ N =

N
CeHs Cells d TCeH;
syn— Azobenzene anfi—~Azobenzene

4. Geometrical isomerism in cyclic compounds. Disubstituted cyclic compounds also show geometrical
isomerism even though they do not contain a double bond. This is due to the reason that because of rigid ring
structures, these compounds have hindered rotation even around carbon-carbon single bonds and hence shaw
geometrical isomerism. For example,

H H H COOH
HOOC COOH HOOC H
cis-Cyclopropane- trans-Cyclopropane HO OH HO H
1, 2-dicarboxylic acd 1, 2-dicarboxylic acld cis-Cyclopentane- CapsCyciaRatiane.
1, 2-diol 1, 2-dio!
CHs CHs CHa M
cis-1, 2, trans-1, 2,
Dimethylcyclohexane Dimethylcycichexane

Geometrical isomerism plays an important role in the chemistry of vision. For example, when light falls on
the retina of the eye, the first step in the visuai process is the conversion of one geometrical isomer {cis-retinal) to
another (irans- retinal).

5. Distinction between cis- and trans-isomers. The distinction between cis- and frans-isomers of a com-
pound can be made on the basis of their physical properties such as melting point, boiling point, solubility, dipole
moment etc. For exampie,

(1) Melting poiuts. In general, the melting poini of a trans- isomer is higher than that of the corresponding cis-

_ isomer. This is due to the reason that the molecules of a frans- isomer are more symmetrical and hence fit more
closely in the crystal lattice as compared to the molecules of a cis- isomer. For example,

H_ _~H H~ _~COOH
EC, (o (E
HOOC-~  ™SCOOH HooC~~ “SH
Maleic acid {cis—isomer) Fumaric acid (fans—isomer)
m.p. 403 K m.p. 575 K
H H H Br
~ R ~ cug”
Br~" “~Br Br ~H
cis—1, 2=Dibromoethene trans—1, 2—Dibromoethene
m.p. 220K m.p. 260 K

. ‘C;)mpoun&s- containing N = N are called azo comrounds.
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(ii) Solubility. In general, solubility of a cis- isomer is higher than that of the corresponding trans-isomer. This
is due to the reason that the molecules of a cis- isomer are less tightly held in the crystal lattice than the
corresponding trans-isomer and hence it is easier to break the crystal lattice of a cis-isomer as compared 10 the
corresponding trans-isomer. For example,

H\c=c/H H\C_C/COOH
HOOC ~~ “COOH HOOC~" ~H
Maleic acid Fumaric acid
(Solubility ; 79 g/ 100 mi H,0) (Solubility : 0-7 g/100 mi H,0)

(iii) Dipole moments. In general, cis-isomers have higher dipole momenis than the corresponding trans-isomers
which may even be zero when the two atoms or groups on each carbon of the double bond are the same. For example,

H H Cl
~coc B o
a- ~Cl ca ~H
cis=1, 2~ Dichloroethene frans—1, 2—Dichlorocthene

u=1-8D;bp =333K #=0;bp. =2321K

(iv) Boiling points. In general, boiling points of cis- isomers are higher than their corresponding trans- isomers.
This is due to the reason that boiling points depend upon dipole- dipole interactions. Since cis-compounds have
higher dipole moments, therefore, they have higher boiling points than their corresponding frans-isomers as shown
above.

6. 1, 2-versus 1, 4-addition to conjugated dienes—Rate versus Equilibrium. We have explained above that
why the addition of Br, and HBr to buta-1, 3-diene gives a mixture of 1, 2-and 1, 4-addition products. Naw the

question arises as towhy 1, 4-addition product predominates over 1, 2-addition product at ordinary temperatures.
To answer this question, let us consider the addition of HBr 1o buta-1, 3-diene at different temperatures :

H Br H Br
193K
— J:Hz—(IJH—-CH =CH, + (EHZ—CH = CH—!?HZ
ﬁ 1, 2— Addition (B0%) 1, 4— Addition (20%)
+ HBr —
> H Br et 51 Br
Buta-1, 3-diene 3K
e éHz——(]JH—CH =CH, + éHz—CH = CH—&H:
1, 2— Addition (209%) 1, 4— Addition (80%)

The following are some of the salient features of this reaction :

{i) Al 193 K, the addition of HBr to 1, 3-butadienc gives a mixture of 80% of the 1, 2-addition product and
20% of the 1, 4- addition product whereas at 313K, a mixture of 20% of 1, 2-and 80% of 1, 4-addition product
is obtained.

(i) The relative amounts of 1, 2-and 1, 4-addition products obtained at 193 K remain unchanged no matter
how long we allow the mixture to stand at the same temperature.

(¢if) When the product mixture obtained at 193 K is heated to 313 K in presence of more HBr, the relative
amounts of the 1, 2 and 1, 4-addition products slowly change from 80 : 20 to 20 : 80.

(iv) Although each product (1, 2-or, 1, 4-) is stable at low temperatures, prolonged heating of either the 1,
2-or 1, 4- addition product gives the same mixture.

These facts can be casily explained as follows :

() The fact that more 1, 2-than 1, 4-addition product is obtained at 193 K, suggests that 1, 2-addition product
is formed faster than 1, 4-addition product. This means that E, , for 1, 2-addition product is lower than that for 1,

4. addition product.
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(if) The fact that each product remains unchanged at 193 K, suggests that the proportion in which they are
isolated is the same in which they are initially formed. In other words, at 193 K, the relative amounts of the two
products are governed by their relative rates. Thus, the addition of HBr to bt T, 3-diene at 193 K, is kinetically
controlled.

(iif) The fact that at higher temperature (313 K), the 1, 4-addition product predominates aver 1, 2-addition
product, suggests that 1, 4-addition product is thermodynamically more stable than the 1, 2-addition product.

(iv) The fact that each product (1, 2- or 1, 4-) is converted into the same mixture on heating suggests that
this mixture is obtained as a result of equilibrium between the two products. Since 1, 2-addition product is
thermodynamically less stable than 1, 4-addition product, therefore, 1, 2-addition product is converted into 1,
4-addition product at a faster rate than the rate at which 1, 4-addition product is converted back to 1, 2-addition
product. In other words, the relative amounts of the products isolated at 313K are governed by their refative
stability. Thus, the addition of HBr io buta-1, 3-diene at 313 K is thermodynamically controlled.

With these points in mind, et us examine the addition of HBr to buta-1, 3-diene in little more detai by
drawing potential energy diagram for this reaction (Fig. 15.34).

As stated abave, the first step in the addition of HBr to buta-1, 3-diene is the addition of a proton to give
the allylic carbocation (T) which then gives both 1, 2-and 1, 4-addition products. Since E, ., isless for 1, 2- addition
than for 1, 4-addition, the 1, 2-addition product is inifially formed faster than the 1, 4-addition product.

Now, in principle, each product can undergo ionization to give back the same allylic carbocation (I). But the ;
E,, for the ionization for 1, 4-addition product to allylic carbocation (I) is much higher than for 1, 2-addition
product. As a result, 1, 4-addition product will jonize much more slowly than 1, 2-addition product. Equilibrivm
is finally reached when the rates of the two opposing reactions (formation and ionization of each product) are
equal. Thus, 1, 2-addition product is formed rapidly but also ionizes rapidly but the 1, 4- addition product is formed
slowly but ionizes even more slowly. In other words, 1,4-addition product once formed tends to stay and hence
constitutes the major product of the reaction al temperatures high enough for equilibrium to be reached.

e T L, e S SUSR—. Aj—

2 = o ]

uw T T e — CHz—CH=CH=CH2+Br_

AT CHy;—CH—CH=CH, i 1

- | | H

< H Br

2 | 1. 2-Addition Product T

E CHzﬂcH—CH-CHZ + HBr

o Buta-1, 3-diene S Sgn blieancn il oa
(|::H2—CH = CH—CH,

|

H Br
1, 4-Addition Product

4—— PROGRESS OF 1,2-ADDITION PROGRESS OF 1,4-ADDITION ———»
. FIGURE 15.84. Potential energy changes during the progress of
; the reaction : 1, 2-us.-1, 4-addition.

7. War Gases. Two impoffanl war gases are : (i') mustard gas and (u) lewisite
Mustard gas is obtained by the reaction of ethylcne with sulphur monochloride.
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CH, Ct Cl CH,C1 CHzCl

o S e o

[_12 = I—I2 _S— Hz

Ethylene SHRHIN Mustard
monochloride (8,8’ —Dichloradiethyl sulphide)

It was used as a war gas in World war 1.
Lewisite is obtained by the action of arsenic trichloride with acetylene in presence of anhydrous AICI;.

lCH ?] Anhyd. AlCl, CHCI

+
JI,H AsCl !!HASCIZ
Acetylenc Arsenic trichioride Lewisite

(f—Chlorovinytdichloroarsine)
It is more poisonous than mustard gas and was used in World war—1T.

Lewisite is more poisonous than mustard gas. The British chemists developed an antidote for Lewsite and
.named it as BAL (British Anti Lewisite).

CI-[Z—CH-—CHI
i dun du
BAL

0 0 00
s et 2CH3—g—g—H CHs—g-—lé—CH3

Write the ozonnlysns products of (i) mesitylene Methyglyoxal Dimethylgiyoxal
(ii) o-xylene. 3
g H H 0 0
Ans. () () Oy CH:Ch Osé—é=0 2 H u Q—H
() Zo/H0 Glyoxal Glyaxal
Hal CHs Thus, ozonolysis of o-xylene gives a mixture of
Mckidtene glyoxal, methylgtyoxal and dimethylglyaxal.
o Predict the major product in the following reac-
g_— tions :
3 CH,—C—CH=0 H,50,
Methylglyoxal (i) C,Hg + (CHy),CHCH,O0H ——
(i} o-xylene can be regarded as a resonance
hybrid of the following structures : )
(li) R—CaC—R
. Lindlar's catalyst
(ILT 1994)

Ans. In presence of conc. H,S80,, isobutyl alcohol first

gives 1° carbocation (1) which then rearranges to
the more stable 3* carbocation (II) by 1, 2-

() 0y CH,0, i hydride shift. Carbocation (iI) then reacts with
{ii) Zn/H,0 (i) Zn/H,0 benzene to form tert-butylbenzene.
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iy .
H

() CH_.,—J:H—CHZ—(:)H ey

Isobutyl alcohol

CH, P

+
CH,—(]ZH—CHZ—OHZ —

" -H,0
CH, CH,
+  1,2—Hydrid
CH, g, SRy CHa—xJJ—CHJ
i shift T+
H 3° carbecation (II)
{more stable)
1° carbocation (T)
(less stable)
CH,
g H,_é_cn
6 3
-t é
H,
tert—Butylbenzene

-—--x
-——--x

R-C=C-R
(i) H, + Catalyst — /(EREHE

R—C®mC—R by K
F o o + =]
A >

: | L cis—Alkene

Hydrogenation of alkynes in presence of Lindlar’s
catalyst gives cis-alkenes since the hydrogen ab-
sorbed on the surface of the catalyst gets transferred
to the alkyne molecule from the same face,

(). 1. Give the structures of the major products from
3- ethylpent-2-ene under each of the following
reaction conditions,

(2} HBr in the presence of peroxide
(6) Bry / H,0
(ILT. 1996)
CH,CH,
sol. (i) CH3CH2—JI e i

3—FEthylpent-2-ene (Anti—Markownikov's
addition)

CH,CH, Br
CH3CH1—éH—-—- H - CH,
2—Bromo—3—ethylpentane

CH,CH,

(i) CH,CH, - 4:= CHCH,
3-Ethylpent-2—<ne

CH,C
Bry/H,0 Ly J:H’
—+ CH;CH; - C-CH ~ CH,
(Markownikov's addition
of Br* and OH™) H L

2~ Bromo =3 ethylpentan-3—ol

1). 4. Analkyl halide, X, of formula C;H,,Cl on treat-
ment with potassium tertiary butoxide gives two
isomeric alkenes Y and Z (C/H,;). Both

alkenes on hydrogenation give 2, 3-dimethyl.
butane. Predict the structures of X, Y and Z.

(LLT 1996)
HiC CH;
é é (CHy):co K+
Ans. CH3-C-C-CHs
(j: | —HCl
I, ¢H
2—Chloro=-2,
3—dimethylbutane (X)
H,C CH,4 H,C CH,

CHJ—é=é—CH3 + CHz-é—(llHCHj
2, 3-Dimethyfbut-2—ene (Y) l 2, 3—Dimethylbut-1-ene (Z)

H, 7 Pt (Hydrogenation)
CH, CH,

CH, - éH - éH - CH,
2, 3—Dimethylbutane
(. 5. Ahydrocarbon A, adds one mole of hydrogen in

presence of platinum catalyst to form n-hexane.
When A is oxidised vigorounsly with KMnO,, a

single carboxylic acid containing three carbon
atoms is isolated. Give the structure of A and
explain. (1T 1997)
Sol. (7)Since the hydrocarbon A adds one molecule of
H, in presence of Pt to form n-hexane, therefore,
A rnust be an hexene.
(i) Since A on vigorous oxidation with KMnO,
gives a single carboxylic acid containing three
carbon atoms, therefore, A must be a symmetrical
hexene, ie., hex-3-ene.

o
CH,CH,CH=CHCH,CH, CER
Hex-3-enc (A) KMnO,

2 CH;CH,COOH

Propionic acid

Thus, the given hydrocarbon A is hex-3-ene.

iy
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{7 0.  Explain very briefly why alkynes are generally

less reactive than alkenes towards electrophilic
reagents such as H* (LLT 1997)
Refer to sec, 15.8.7 on page 15/49.
Complete the following reactions with ap-
propriate structures of products ?

Ans.

Br, (£) NaNH, (3.0 equiv.)
CgH,CH = CH, [A] B
(if) CH,I
(LLT 1998)
Brz
Ans. CgHsCH = CH —— CsHs—CH—CH3
Styrene
r r
1,2-Dibromo-
1—phenylethane (A)
2 NaNH,
C6H5_C =CH
(=2HBr)  phenylacetylene
NaNH, =
CgHy;—C = CNa™
(-1/2H,)
CH,-1
Cglls—C = C—CH,
(=Nal) 1 _Phenyipropync (B)

Thus, {4} is 1, 2-dibromo-1-phenylethane and

{B] is 1-phenylpropyne.
L5 An organic compound CyH,, on monochlorina-
tion pives a single monochloride. Write the
structure of the hydrocarbon. (Roorkee 1999)
Since the hydrocarbon (CgH,g) on monochlori-
nation gives a single monochloride, therefore, all
the 18 H-atoms are equivalent. The only such
hydrocarbon is 2, 2, 3, 3-tetramethylbutane, i.e.

CH, CH,

Ans.

CH; - J:—-— + - CH,
AHa CH,
Which of the following has larger dipole mo-
ment? Explain.
1-Butyne or 1-Butene (Roorkee 1999)

The direction of dipole moments of individual
bonds in 1-butyne and t-butene are shown below:

Q.9

Ans.

]

H

CH]CH: C= &

P P
1--Butyne

CH,;CH, %, H
C="

H-—" e H

{—Butene

The resultant dipole moment of both 1-butyne
and 1-butene is due to the dipcle moment of
CH,CH,—C and C—H bonds which oppose

cach other. Since a sp carbon is more
electronegative than a sp2 carbon, therefare,
the dipole moment of CH,;CH, (sp3)—C (3p)
bond in 1-butyne is more than that of
CH,CH, (sp*)—C (sp%) band in 1-butene. As a
result, the dipole moment of 1-butyne is more
thant that of 1-butene.

Give reasons for the following :

(i) fert-Butylbenzene does not give benzoic acid
on oxidation with acidic KMnO,.

(i{) CH, = CH™ is more basic than HC = C™.

(1T 2000)
() Alkylbenzenes in which the alkyl groups con-
tain one or more a-hydrogens or benzylic
hydrogens on vigorous oxidation with acidic
KMnO, ultimately give the corresponding ben-
zoic acids irrespective of the length of the carbon
chain. For example,

24 H‘ -
CH, CH,CH,4
B
Toluenes Ethylbenzene
[3 a—Hs] [2 =—Hs]
a
CH(CH;3), COOH
KMnO/H*
ar
(0]
Isopropylbenzenc Benzoie acid
[one a—H]

tert-Butylbenzene, on the other hand, does not
contain any a-hydrogen or benzylic hydrogen and
hence does not undergo oxidation to give benzoic
acid.

COOH
CH,4 -
74
CH,4 -é-CH5 =t ST
Benzoic acid

tert —Butylbenzenc
(No a—hydrogen)
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(if) CH, = CH™ is the conjugate base of the acid
H,C = CH, and HC = C~ is the conjugate base

of the acid HC = CH. We know that sironger the
acid, weaker is the conjugate base. Since
HC =CH is stronger acid than CH, = CH,,

therefore, CH, = CH™ is a stronger base than

HCmC™.
Q. 11. Give structore of the products (X) and Y in the
following reactions :

W Br-@-CH,CH,

-+
(iH2HC=C—H —— Y
0, (Roorkee 2001)

Ans. (i) Br—@—CHZCH3
BrMg —@—CH2CH3

Grignard reagent

D,0
D—( —CH,CH
~Mg(OD)Br €

p—Deuteratedethylbenzene

i) Mg, ether
0] P

(i) D,0

Mg, ether

Cu2+

@@2HC=CH+ 30,
{Erlington coupling)
HCaC—C=CH + H,0
Buta-1, 3—diyne

Q. 12. (a) Find the structure of a hydrocarbon that
produces one mole each of ethanedial and
butanedial on ozonolysis.
(b) Devise a scheme for the synthesis of n-
butane using CH,I as the only carbon source.
Can you employ the reactions in your scheme to
synthesize propane in fairly pure state 7 Ex-
plain,
(c) How many monochloro products would you
expect when 2-methylbutane is chlorinated ?
Write their structures and 1UPAC names, One
of them may have stereoisomer. Indicate it.
(d) Which of the isomers will not give one
product only on dehydrohalogenation with al-
coholic KOH ? (West Bengal J E.E. 2003)

Ans. (a) The structures of the ozonolysis products

are :

G
CH
CH=0 é Remove the
(]: + H,
H=0 1 O atoms and
Ethanedial o "Hy connect by
C double bonds
o=
Butanedial
CH
CH=" o CH,
Ln L,
CH.~
Cyclohexa--1, 3—diene
Na, dry ether
(6) 2CH,l CH;—CH,
Methyl iodide ‘Wurtzreaction  pipa.e
() Cly/hy
CH,CH,CI

orSO,Cl/’RCOOR  pypy ehioride
Na, dry ether

CH,CH;—CH,CH,
Wurtz reaction
Propane cannot be synthesized by the above
scheme in fairly pure state because Wurtz reac-
tion between CH,I and C,H.I will give three
products, ie., ethane, propane and butane.
(c) Chiorination of 2-methylbutane gives a mix-
ture of four isomeric monochloro products (I-
Iv):
CH,

_J: Cly/ hv
CH;—CH—CH,—CH,
2—Methylbutane

CH, CH,
C|CHz—éH—CHZCH3 3 CHJ—é—CH2CH3
1 |
Cl

i
CH, CH,

+ CH3—(IEH—6|'IH—CH3 + CH3—J:H—CH2CH2CI
v

al
III
Product (T11) has a chiral carbon and hence exists
in two stereocisomeric forms which ate optically
active,

(d) Isomers (II) and (111} on dehydrohalogena-
tion will give two products each while isomers (h
and (IV) will give one product each. Write the
products yourself.
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().13. 7-Bromo-1, 3, S<cycloheptatriene exists as an ion whereas 5-bromo- 1, 3-cyclopentadiene does not form

an ion even in presence of Ag™. Explain.

Ans. 7-Bromo-1, 3, 5-cycloheptatriene, on ionization, gives tropylium ion. Since tropylium ion contains 6z lectrons

Ionization

———

7-Bromo-1, 3, 5-
cycloheptatriene

Br
5

£l
5-Bromo-1, 3,
cyclopentadiene

+

Tropylium ion

(6e-electrons, aromatic, highly stable)

o

+ AgBr

1, 3-Cyclopentadienyl cation

(4n-electrons, antiaromatic, highly unstable)

which are completely delocalized. Therefore, according to Huckel rule, it is aromatic and hence stable. Being

highly stable, it is easily formed.

In contrast, 5-bromo-1, 3-cyclopentadiene, on ionization, will give 1, 3-cyclopentadienyl cation which contains
4 n-electrons and hence is antiaromaric. Being antiaromatic, it is highly unstable and hence is not formed even

in the presence of Ag* ion which facilitates ionization.

Ans,

3

Ans.

1. Why HF forms H-bonding with ethyne even

though it is non-polar in nature ?
(C.B.S.E. EM.T. 2004)

Due to sp-hybridization of carbon, the
electrons of the C—H bond of ethyne are at-
tracted towards carbon. As a result, carbon
carries a partial negative charge while H carries
a partial positive charge. Because of the
presence of partial positive charge on H,
ethyne forms H-bond with the F-atom of the
HF molecule as shown below :
d— &+ d— &+

H--C = C—H..........F—H
Identify the organic products obtained in the
following reaction :

CH,

Br ¢, H,0Na

(C.B.S.E.PM.T 2004)
C,H,0H
Dehydrohalogenation of the given alkyl halide
can, in principle, yield alkenes (T) and (II)
CH,

Br C,H;ONa

——

CH,0H

Ans.

017

CH, CH,

1 (major) Il {minor)
But according to Saytzeff rule, more highly sub-
stituted alkene, Le., I being more stable is the
major product of dehydrohalogenation. There-
fore, in the above reaction, alkene (I) alongwith
a small amount of alkene (I1) is produced.

. Write all the impertant conformations of n-

butane. (C.B.S.E. PM.T 2004)
Refer to Fig. 15.11 on page 15/19.

Give the Newman conflguration of the least
staggered form of n-butane. Due to which of the
following strain it is destabilized ?

(i) torsional strain (if) van der Waal's strain
{lit) combination of the twa.

Least stable staggered form ofn-butane is gauche
form. Since in this conformation, all the
tetrahedral carbons attached to one another have
staggered bonds, therefore, it is free from tor-
sional strain. Further, in anti-form, the two CH,

groups are 180° apart but in gauche form they are
only 60° apart. Therefore, gauche form is less
stable than anti-form due to van der Waal’s strain.
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B. PROBLEMS
Probien I. Two lsomeric cyclic dienes X and Y having molecular formula C¢H; on hydrogenation give

cyclohexane as the only product. A mixture of these two dienes on reductive ozonolysis gives succinaldehyde,
propanal, 3-dial and glyoxal. Deduce the structures of dienes X and Y,

Solution. Since X and Y on hydrogenation give cyclohexane as the only product, therefore, X and Y muust be
eyclohexadienes. The two possible cyclohexadienes are

el

Cyclohexa-1, 4-diene, X Cyclohexa-1, diene, ¥

Whereas reductive ozonolysis of X will two molecules of propane- 1, 3-dial, reductive ozonolysis of Y will give
succinaldehyde and glyoxal as shown below :

1 5 () 0/CH,CI, _~CHO OHC.
2 4 CH, + _-CH,
(i) Zn/H,0 ~CHO OHC
Cyclohexa—1, 4—diene Propane—1, 3—gial
© () O/ CH,CI, (I;HO OHC—CH,
+
() Zo/H,0 CHO OI»IC—--(['JPI2
Cyclohexa—1, 3—diene Glyoxal Succinaldchyde

Probiens 2. An alkyl halide A with molecular formula, CHyBr on dehydrobromination with alcoholic KOH
gave a single alkene, C Hy. Photochemical bromination of A gave a single dibromo compound B, C,H;Br,. A reacts
with Mg in ether ta form a Grignard reagent which on treatment with water gave an alkane C. Identify A, B and C.

Solution. (i) Possible structures of alkyl halide A are :

CH, CH,
(i) CH,CH,CH,Br CHJ—éH—CHZBr CH;—CH—CH,CH, CHJ—é—Br
I I v H,
m v

(i) Since dehydrobromination of A with alc. KOH gave a single alkene, therefore, A could be 1, I or IV,

(i) Since photobromination of A gave a single dibromo compound, therefore, afl the H-atoms in the alkyl halide
are similar. If this is so then the alkyl halide A must terz-butyl bromide (IV).

(iv) If A is terz-butyl bromide, then B must 1, 2- dibromo-2-methylpropane and C must be 2-methylpropane as
shown below :

Br
KOH (alc), A
CH;—LI,‘—-CHJ sesih 5l CH;—C=cH,
(—HBr)
H, H,
tert— Butyl bromide, A 2—Mecthylpropane, B
Mg, ether
MEBr e H
1
‘l: ~Mg(OH)Br &
Hy H,

2—Methylpropane, C
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(). |. When bromobenzene is monochlorinated, two

isomeric compounds {A) and (B) are obtained.
Monobromination of (A) gives several isomeric
products of molecular formula, CcH;ClBr,

while monobromination of (B) yields only two
isomers (C) and (D). Compound (C) is identical
with one of the compounds obtained from
bromination of (A), however, (D) is totally dif-
ferent from any of the isomeric compounds ob-
tained from the bromination of (A). Give
structures of (A} (B), (C) and D} and also struc-
tures of four isomeric monchrominated
products of (A). Support your answer with
reasoning.

(Roorkee 1992)
Br Br Br
cl
Clz/ AlCla
.l.
(A) |
(B)
Br ~ Br - Br
g v
" Bry/FeBr, a e
L S 4
(A) r
Br Br

(B)

Q. 2. There are six different alkenes (A), (B), (C), (D),

(E) and (F). Each on addition of one mole of
hydrogen gives (G) which is the lowest molecular
weight hydrocarbon containing only one asym-
metric carbon atom. None of the above alkenes
gives acetone as a product on ozonolysis. Give the
structures of (A), (B), (C), (D), (E) and (F). Iden-
tify the alkene which is likely to give a ketone
containing more than five carbon atoms on treat-

Ans.

ment with a warm concentrated solution of
alkaline KMnO . (Roorkee 1992)

(i) Lowest molecular weight hydrocarbon (G)
having an asymmetric carbon atom (marked by
an asterisk) can have two structures, i.e., Tand [1

CH,
3|« 4
CHJCHz CH- CHZCH1CH3
I (3-Methylhexanc)
CH CH,

CI—I_,,gJH2 CH- JZH -CH,4
11 (2, 3-Dimethylpentane)
(i} The six alkenes (A, B, C, D, E and F) which
on addition of 1 mole of H, will give I are :

CH,
‘ &
CH, = CH H- CHZCH2CH3
3-Methythex—1—ene (A)
CH,
e
CH3CH CHZCH2CH3
3-Methylhex—2—ene (B)
1cH,
CH,CH,- é CHZCHZCH3
Z—Elhylpent-l—enc (9]
CH
e k2e s 3l alnsuEio
CH,CH,-C = CHCH,CH,
3-Methylhex-3—cne (D)
CH,
CH3CH2 (IJH CH = CHCH;,
4-Methylhex-2—cne (E}
CH
4!: 2
CH:,‘CH2 H- CHZCH CHz

4-Melhylhex—1-enc (F}

None of the above alkenes (A to F) would give
acetone as one of the products on ozonolysis. How-
ever, one of the alkenes (III) derived from {IT)
would give acetone on azonolysis.
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CH_-, CH_-‘,l
(I: é (i) 0,/CH,Cl,
CH,CH,-C = C-CH,
11l (i) Zn/H,0
CH3 CH3
CH:;CH2 - &= 0+0-= —CH3
Butanone Acetone

‘Thus, the correct structure for the lowest molecular
weight hydrocarbon (G) is T and not I1.

(iti) Only alkene (C) on oxidation with a hot solu-
Lion of alkaline KMn0O), will give aketone with more

than five carbon atomns, ie., hexan-3-one
2
CH3CH2—&— CH,CH,CH;,
2—Ethylpent-1-¢ne (C)
O

|
CH3CHz—JI—-CH1CH1CHJ + HCOOH

Hexan-3-one ' {O]
COZ + H20

Alk, KMnO,

(1. 2. An alkene (A), CgH,, on chlorination at 300°C

Ans,

Ans,

gives a mixture of four different monochloro-
derivations, (B), (C), (D) and (E). Two of these
derivatives pive the same stable alkene (F) on
dehydrohalogenation. On oxidation with hot
alkaline KMnO,, followed by acidification, (F)
gives two products (G) and (H). Give structures
of (A) to (H) with proper reasoning.

(Roorkee 1995)
(A) = 2-Methylbutane, (B) = 1-chloro-2-
methylbutane, (C) = 2-chloro-2-methylbutane,
(D) = 2-chloro-3- methylbutane, (E) = 1-chloro-
3-methylbutane, (F) = 2-methylbut-2- ene, (G)
= acetone and (H) = acetic acid
{Hint. Refer to Q. 12 on page 15/115]
Hydrocarhon (A) Cgll,, on treatment with
H,/Ni, Hy/Lindlar'’s catalyst and Na/NH, ()
forms three different reduction products (B),
(C) and (D) respectively. (A) forms salt (E) on
heating with NaNH, in an inert solvent but it
does not form salt with ammoniacal AgNO,
solution. Compound (E) further reacts with
CH,] to form (F). Compound (D) on oxidative
ozonolysis gave n-butyric acid along with other
products. Give structures from (A) to (F) with
proper reasoning. (Roorkee 1998)
(i) The M.E. CgH,, corresponds to C, Hy,_»

therefore, A is an alkyne.

A

(i) Since (A) does not form a salt with aminionia-
cal AgNO, solution, therefore, (4) is rot a ter-

minal alkyne. Further, since (A) on heating with
NaNH, in an inert solvent forms asait (E), there-
fore, (A) must be some 2-alkyne.

(z) The two possible structures for 2-alkyne
having M.F. C;H,, are

CHYCH, CH € = T
I
CH,

CH3—&H—C = C—CH,
I

(iv) Since (D) the reduction product of (A) with
Na/NH, (§) on ozonolysis gives n-butyric acid as
one of the products, therefore, one of the carbon
atoms of the triple bond niust be attached to
n-propyl group. If this is so, then the structure of
the alkyne (A) is I, Le., 2-hexyne.
If (A) is 2-hexyne, then the structures of the
products (B), (C), (D), (E) and (F) can be
deduced as follows :

2H/Ni
CH,CH,CH,C=CCH,
2—Hexyne (A)
CH;(CH,),CH;
n—Hexane (B)
e ko CH;CHZCHZ\ C'_C/CH:,
(Lindlar's caralysr) H ™~H
cis—2—Hexene (C)
g Na/NH, CH3CHZCH2\ b8 H
oo e ¥ Y
trans—2—Hexene (D)
oxidative
(D) CH,CH,CH,CO0OH
ozonolysis Butyric acid
+ CH,COOH
Acetic acid
NaNH, in
CH,CH,CH,C=CCH, —_—
2-Hexyne (A) '"(;‘::::L‘:g":‘_';&

CH,CH,CH,CH,C = C”Na*
Sod. hex—1-ynide
CH,I

CH,CH,CH,CH,CH,C=CCH,

—Nal 2—Heptyne



15/120

0 L e b 1 L L Lo R U R L

MULTIPLE CHOICE : (}f{ ESTIONS |

“For CBSE~ PMT (Preliminary), IIT Screening, AIEEE, AlIMS, AFMC, DPMT, CPMT, BHU
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and All Other Competitive Examinations

. Which one of the following is the correct order of
unsaturation ?

(¢} 3-methylhexane
(d) 2, 2, 4-trimethylpentane.

(a) Alkanes, alkynes, alkenes 10. Which of the following is not a product of
(b) Alkenes, alkynes, alkanes petroleum refining ?
(c) Alkynes, alkanes, alkenes (a} Toluene {b) Gasoline
(d) Alkanes, alkenes, alkynes. (¢) Kerosene oit () Diesel oil.
2. Staggered conformation of ethane is : 11. LPG mainly contains :—
{a) more stable than eclipsed conformation (a) methane (b) methane and ethane
() less stable than eclipsed conformation {c) hydrogen, methane and ethane
(c) equally stable as eclipsed conformation (d) butane and iscbutane
(d) impassible to exist, 12. Thermal decomposition of higher hydrocarbons
3. Cycloalkanes are isomeric with ; into lower hydrocarbons is called
(a) alkanes (b) alkenes (e) aromatization {b) cracking
(c) alkynes (d) arenes. (c) reforming {d) isomerization.
4. Which one of the following is the most reactive 13 Which of the following type of compounds are
cycloalkane ? expected to have the highest octane number ?
(a) Cyclopentane '6)) Cyclthlane (a) Straight chain alkanes
{c) Cyclopropane (d) CycloheXane. (b) Cycloalkanes
5. The bond distance between the flagpole hydrogen (¢) Branched chain alkanes
atoms in boat conformation of cyclohexane is : (d) Aromatic hydrocarbons.
(@)2-29 A (b)1-54 A 14. Which of the following has the highest boiling
(c)3-10A (d)1-83A point?
6. Which one of the following is ‘applicable to the (a) (CH,),C (b) (CH3),CHCH,
conformations of a hydrocarbon ? (¢) CH,CH,CH,CH,CH,
{a) C—C distance changes
{b) C—H distance changes (S EREHLEHS
(¢) C—C—C and C—C—H bond aﬁglﬁ change. 15. Which of the following has the highest melting
int 7
(d)Only distance between non-bonded H-atoms i
changes. (a) o-xylenc (&) m-xylene
7. Petroleum is a mixture of hydrocarbons containing bkl (d) toluene.
(a) C - C,, atoms (b) Cy5 - Cyo atoms 16. Which of the following reagents can be used to
distinguish ethene from ethyne ?
8. Rcﬁsmgﬁ of p.etrolcum involves ; o (b) ammoniacal CuCl solution
(@) u m'latlon (b) Fractional distillation (c) cold aqueous or alkatine KMnO, solution
(¢) Filtration (d) Decantation. 4 P
9. Which one of the following has the highest octane @ nonec.) i
number ? 17. Benzene is less reactive than cthene and ethyne
(@) n-heptane (b) 2, 3-dimethylhexane towards addition reactions due to
(a) the presence of 3 z-bonds
AN'SWERS
Ld la 3b 4. ¢ 5d 6. d T.d 8 b ;
Ad 120 hd 14¢ 15¢ 16.b < e
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(b) cyclic nature
(¢) sp*-hybridization of carbon atoms
(d) delocalization of =-electrons.

18. Which of the following compounds reacts with
sodamide in liquid NH; at 196 K to form an

alkynide
(a) CH,=CH, (b) CeHg
(c)CH,-C=CH (d) CH,C = CCH,.

19. When 1-butyne reacts with excess of HBr, the final
product is
{(a) 1, 1-Dibromobutane (b} 2, 2-Dibromobutane
(c) 1, 2-Dibromobutane
(d) 1, 1, 2, 2-Tetrabromobutane.

20. The heat of hydrogenation of benzene is 49-8 kcal
mol~! while its resonance energy is 36-0 kcal

mol~!. Then, the heat of hydrogenation of
cyclohexene is

(@) 28-6 keal mol ™! (b) 13-8 keai mol !
(c)85-Bkealmol ' (d)36-0 keal mol ™!
21. Anti-Markownikov's addition of HBr is not ob-

served in
(a) Propene {b) But-1-ene
{c} But-2-ene {d) Pent-2-ene.

22. The highest boiling point is expected for

(@) Iscoctane (b) n-octane
{c) 2, 2, 3, 3-Tetramethylbutane
(d) n-Butane.
23. n-Propyl bromide on treatment with ethanolic
potassium hydroxide produces
{a) Propane (b) Propene
(c) Propyne {(d) Propanol.

24. Qut of the following compounds, which one would
have a zero dipole moment ?

{a) 1, 1-Dichloroethylene

{b) cis-1, 2-Dichloroethylene
() trans-1, 2-Dichloroethylene
(d) None of these compounds.

25. Which of the following has least hindered rotation
about carbon- carbon bond ?

{a) Ethane () Ethylene

(c) Acetylene {(d) Hexachloroethane
17. d 18. ¢ 19. b 20.a 2. ¢
27. a 28. ¢ 29. a 30. ¢ M. a

22. %
2 b

26. The number of structural and configuration
isomers of a bromo compound, CsHyBr formed by

the addition of HBr to 2-pentyne respectively are :

(a)1and 2 (h)2and 4

{c)4and 2 (d)2aod 1. (ILI.T 1958)
27. Natural gas is composed primarily of

(@) methane (b) n-butane

(c) n-octane (d) a mixture of octanes

(M.L.M.R. Allahabad 1990)

28, Aromatic compounds burn with a sooty flame be-

cause ?

(@) they have a ring structure of carbon atoms

(b) they have a relatively high percentage of

hydrogen

(c) they have a relatively high percentage of carbon

(d) they resist reaction with oxygen of air.

(B.I.T. Ranchi 1991)

29, 1-Chlorobutane on reaction with alcohalic potash

gives

(a) 1-Butene

{c) 2-Butene

(b) 1-Bulanol
(d) 2-Butanol.
(LLT 1991
30, Which of the followiny is not a mixture of hydrocar-
bons ?
(a) candle wax
(c) vegetable oil

(b) kerosene
(2) paraffin oil.
(B.LT. Ranchi 1992)

31. Isomers which can be interconverted through rota-
tion around a single bond are :

(a) conformers {b) diastereomers
(c) enantiomers (d) positional isomers
(LLT, 1992)
32. Ozonolysis of 2, 3-dimethyl-1-butene followed by
reduction with zinc and water gives
{a) methanoic acid and 3-methyl-2-butanone
{b) methanal and 3-methyl-2-butanone
(c) methanal and 2-methyl-3-butanone
(d) methanoic acid and 2-methyl-3-butanone.
(LI.T. 1992)
33, Which is the decreasing order of strength of bases:
OH~™,NH; ,HC = C™ and CH,CH; ?

() CH,CHy >NH; >HC=C™ > OH™
L4
(¢))HC = C™ > CH,CH; > NH; > OH™

23. b 24. ¢ 25. a 26. b
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as.

36.

7.

38,

39,

3 a
43. d

(c)OH™ > NH; > HC=C™ > CH,CH;

(d)NH; > HC=C™ > OH™ > CH,CH; .
CLLT 1993 J & QIR 290

Which of the following reactions will yield 2, 2-

dibromopropane ?

{a) HC = CH + 2HBr

(b) CH,CH = CH, + HBr

() CH; C = CH + 2HBr

(d) CH,CH = CHBr + HBr.

(M.LN R Allahabad 1903

The order of appearance of the following with rising
temperature during the refining of crude oil is

{a) kerosene oil, gasoline, diesel
(b) diesel, gasoline, kerosene oil
{c) gasoline, diesel, kerosene oil
{d) gasoline, kerosene oil, diesel.
(MLLNR AMlahabad 1291

Indicate the expected structure of the organic
product when ethylmagnesium bromide is treated
with heavy water (D,0).

(@) GHs - GHy (b) C,H50D
(c) CHg (d) CHsD.
(ACTL 1994
Isopropyl bromide on Wurtz reaction gives
(a) Hexane (k) Propane
() 2, 3-Dimethylbutane (d) Neohexane.
(B H U 999
In the reaction,
Oxidation NaOH Sodalime
CgHsCH, A B — C,
the product Cis
(a) CgHsOH (b) C;Hq
(c) CgH5COONa (d) CgHgONa.
(LU T9939)

A compound X (C¢Hy) reacts with ammoniacal
AgNO, to give awhite precipitate, and on oxidation

with hot alkaline KMnO, gives the acid,
(CH,);CHCOOH. Therefore, Xis

(a) CH,=CHCH=CHCH,
(b) CH,(CH,),C=CH
(¢) (CH4),CH-C=CH

M.c 5. d
44. b

40.

41.

42

43.

(d) (CH;),C=C=CH,,

Which of the foliowing compounds has the lowest
boiling point ?

(a) CHyCH,CH,CH,CH,

{b) CH;CH = CHCH,CH,

() CH,CH = CH-CH = CH,

(d) CH,CH,CH,CH,,.

Which set of products is expected on reductive
ozonolysis of the following diolefin 7

CH,

CH,CH = Lo - CH,

(a) CH,CHO ; CH,COCH = CH,
{b) CH,CH = C (CH,) CHO ; CH,0
(¢) CH,CHO ; CH,COCHO ; CH,0
(d) CH,CHO ; CH;COCH,; CH,0

Which of the following does not give a white
precipitate with AgNO; solution ?

(a) Propyne (b) 1-Butyne

(c) 2-Butyne (d) 1-Pentyne.

Toluene reacts with methyl choride in presence of
anhydrous aluminium chloride to give mainly m-
xylene. This is because

{a) CH,-group is m- directing
(b) CH,-group has +l-effect
(c) because af hyperconjugation effect of the CH,-

group
(o) m-xylene is thermodynamically more stable.

A

Which of the following compounds exhibits
geometrical isomerism ?

(@) C;H,Br
(¢) CH,CHO

(b) (CH)5(COOH),
(d) (CH4),(COOH),.

. Geometrical isomerism is shown by

H~ I H~, I
(a) C=C/ (b) C=C/

Mt s tioer CHE=#%4 THBr

S0t 40. d 41. ¢ 42. ¢
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46.

47,

48.

49,

51.

CHy C

E=E
~™Br

(€) C
CHls s 7 2C)

(MLLNR Allalabad 1994)
Which of the following wiil show aromatic be-

haviour?
+

{(Haryana C.E.E.T 1996)

Which of the following is used as an antiknocking
material ?
(a) TE.L.
(c} Glyoxal

CH,~

(b} C,H;0H
{d) Freon.

(C.BAE RMT 1996)
(CH;);CMgCl on reaction with D, 0 produces
(#) (CH,),CD (B) (CH 0D
(¢) (CD4),CD (d) (CD4),0D.

When cyclohexane is poured on water, it floats
because

(@) Cyclohexane is in ‘boat’ form
(b} Cyclohexane is in ‘chair’ form
(c) Cyclohexane is in “crown’ form
(4) Cyclohexane is less dense than water
CRLT J927
In the reaction of C;HY, the major product (>
60%) 1s m-isomer, so the group Y is
(s —~COOH (b)—Ci
(¢)—OH (d) — NH,

(AL LMS, 1997)
1-Butyne reacts with cold alkaline KMnO, to
produce
(@) CH,CH,CH,COOH
{(6) CH,CH,COOH
(c) CH,CH,COOH + CO,

(d) CH;CH,COOH + HCOOH

52

n
th

56.

15/123

In commercial gasolines, the type of hydrocarbons

which are more desirable is

(7) branched chain hydrocarbons
(b1 straight chain hydrocarbons

{<} linear unsaturated hydrocarbons

(d) toluene (C.BS.E EM.T 1997)
. The most stable conformation of n-butane is

(=) skew boat (b) eclipsed

(c) gauche (d) staggered-anti

CBSE PMT 1997)
Which of the following is nor aromatic ?
') Benzene
(h) Cycloociatetraeny) dianion
{+'} Tropylium cation

() Cyclopentadienyl cation (ALLMS. 1997}

- The JTUPAC name of the compound

Cl~__ /CHZCH3 is
C=C
e N,

(a) trans-3-iodo-4-chloro-3-pentene
fb) cis-2-chloro-3-iodo-2-pentene
(¢) trans-2-chloro-3-iodo-2-pentene
{eh) ciw-B-iodo-4-chloro-3-pcntene.
(BN E DM 19681
Which one of the following is not compatible with
arenes ?
(@) Greater stability
(h) Delocalization of x-electrons
() Electrophilic addition
() Resonance. (C.B.S.E. PM.T. 1998)
Among the following compounds, the strongst acid

18

(mYHC = CH
(€) CHg

(b) CgHg
(d) CH,0H.
(LLE 1998}

The produci(s) obtained via oxymercuration
(HgS0,4 + H,;80,) of 1-butyne would give

0
(@) CH,CH, — d_ CH,
(h) CH3CH,CH, ~ CHO
() CHyCH,CHO + HCHO

d) CH,CH,CO COOH. LT
(ALLM.S. 1997) (@} CH;CH,COOH + HCOOH. ;1 1999,
AN S E RS
b 46. b 47.a 48. a 44 50, a §Le 5%a 83, d 54. o
c 56 c S'I.__d 5_8. a
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59,

60,

61.

62.

63.

64.

65.

66.

59. b
-

A gas decolourises alkaline KMnO, solution but
does not give precipitate with AgNO;, it is
(a) CH, (b) G,H,
(c) GH, {d) C;H,.
(M.BC.E.E. [99%)
In the reaction with silver nitrate, acetylene shows
(a) Oxidising property  (b) Reducing property
(c) Basic property (d) Acidic property.
(M.RC.EE, 1999)

When acetylene reacts with arsenic trichioride in
presence of anhydrous aluminium chloride, it
produces

(@) A-Chlorovinyldichloroarsine

(b) Lewisite

{c) Nitrobenzene

(d) Both (a) and (b). (A.EM.C. 1999)

Heating a mixture of sodium benzoate and soda-

lime gives

(a) Benzene (b) Methane

(c) Sodium benzoate  (d) Calcium benzoate.
(MPC.EE. 1999 A EM.C. 1982}

When acetylene is passed through dil. H,SO, inthe

presence of HgSO,, the compound formed is

(a) ether {b) ketone

(c) acetic acid (d) acetaldehyde.

(AR50 T, 7508

In Friedel-Crafts alkylation, besides AlCl,, the

other reactants are :

(@) CgHg + NH,4

(¢) CgHg + CH,C

(b) C6H6 + CH4
(d) CﬁH6 + CHJCOCI.
Lo BSE RaEE 1993

Benzene reacts with chlorine to form benzene
hexachtoride in presence of

(a) Nickel (b) AICI,

{c) Bright sunlight (d) Zinc.
IMLRCH

But-2-ene exhibit cis-frans isomerism due Lo

(a) rotation around C; - C, sigma bond

{b) restricted rotation around C = C bond

(c) rotation around C; - C, bond

(d) totation around C, - C; double bond.

(CASE L

63. d
73. d

6. a
72. ¢

60. d 61. d
T LB

67.

68.

69,

70.

71.

72,

73.

74.

The dihedral angle between two C—H bondsin the
staggered conformation of ethane is

(a) 180° (&) 0°
{c) 120° (d) 60°
(C.B.5S.E. EM.T 2000)
‘What is the ratio of x- and a-bonds in benzene ?
(a)1:4 2:1
(c)1:1 d)2:2
{(ILM.S. BH U 2000}

Among chair, half chair, twist boat and boat con-
formations, the one that is most stable is

(a) Chair (b) Half chair
() Twist boat (d) Boat

(L LEM.E.R. 2000)
The chemical system that is non-aromatic is

@ @ ®
© A @)

(JLEME.R 2000)

In Friedel-Crafts synthesis of toluene, reactants in
addition to anhydrous AICl, are

{8) CgHg + CH, (b) CgHg + CH4CI

(¢) CgHsCl + CHyCl (d) CgHCt + CH,.
(C.B.S.E PALE 2000)

Which one is/are weaker acid than water ?

(a) Alcohols (b) Terminal alkynes
(¢) Both (@} and (b} {d) Mercaptans.
(0.0 2000}

Identify the compounds A and B in the following
reaction sequence.

H,50,
CaCy () + H,0(h— A@R) — B

HgSO,
(@) A is cthylene, B is acetaldehyde
(b) A is acetylene, B is propionaldehyde
(¢} A is ethane, B is ethanol
(d) A is acetylene, B is acetaldehyde.

(O RRLT 2000]

When 2-butyne is  treated with  dil
H,50,/HgSO,, the product formed is

(a) Butanol-1 (b) Butanol-2

67. d 68. a
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75.

76.

(c) 2-Butanone (d) Butanal.

C.EL

When propyne is treated with HgSO, / HgSO,, the

product is
(a) Propenol (k) Propanal
(c) Propanone

{(d) Propanoic acid.

Tetrabromoethane on heating with Zn gives

82.

83.

@l>N>M>1IV (@HU>I>10>1IV
(C.B.S.E. EM.T 20000}

In chlorination of benzene, the reactive species is
(@crt G a-
©Cy @y

(M. BM.T. 2000)

An organic compound on treatment with Br, in
CCl, gives bromoderivative of an alkene. The com-

(a) Ethyl bromide (b) Ethane i
(c) Ethene (d) Ethyne. pound wilf be
o g (@)CH;—CH = CH; (b)CH,CH = CHCH,
77. Which of th following compounds will exhibit (¢c)HC=CH (d) H,C = CH,
geometrical isomerism ?
{#) 1-Phenyl-2-butene  (b) 3- Phenyl-1-butene 84. Which alkene on ozonolysis gives CH,CH,CHO
(c) 2-Phenyl-1-butene and CH,COCH, ?
] 3 3
d) 1, 1-Diphenyl-1-propene
@) ity o (a) CHyCH,CH = C(CHj),
78. Propyne and propene can be distinguished by
(a) conc. H,S0, () Bry in CCl, (78 ISR CREICHER,
(d) dil. H,SO (d) AgNO in ammonia ) ke o o
T ein 3 ! 85. The number of isomers for the compound with
molecular formula C,BrCIFI is
79. Which of the following alkenes will react fastest (@3 (5) 4
with H, undei i dition ?
R2 r s :mﬁ'c ot rl: ©5 @6 (LLT, 2001)
M A 86. Which of the following compounds exhibits
(@)= _eas=y (&) " ;
H H R MM stereoisomerism 7
R R R R (a) 2-methylbutene-1  (b) 3-methylbutyne-1
{c) /_\‘-'—’ () =% {c) 3-methylbutanoic acid
R H R R (d) 2-methylbutanoic acid
47. Which of the following hydrocarbons has the lowest
80. An alkane C;H,, is produced by the reaction of dipole moment ?
lithium di (3-pentyl)cuprate with ethylbromide. CH, CH,
The structural formula of the product is (a) \C i, C/ (b) CH,C = CCH,
() 3-Ethylpentane (b) 2-Methylpentane H~ “~H
(c) 3-Methylhexane (d) 2-Methylhexan (¢)CH;CH,C=CH  (d)CH, = CH—C=CH
{e) Heptane (LLE 2002}
81. Among the following compounds, the decreasing 88. Consider the following reaction,
order of reactivity towards electrophilic substitu- -
tion is HyC—CH—CH—CH, + Br — ‘X’ + HBr
H,
@ @ @ @ Identify the structure of the major product ‘X’
“H, CH, F ’
I I I v (a) CH3—CH—CH—CH; (b) CH3—CH—C—CHj
@UI>I>M>IV BIV>I>0>11 H;
A NSTWERE
;: ¢ ;g. ; ;2. g 71. a 78. d 79. a 80. @ 81. a 82. a 83. ¢
. a . .

87. b
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(¢) CHs—C—CH—CHj3  (d) CH3-—CT-—CHCli3

89,

90,

91.

922.

923

Ha ‘H3
Identify the reagent from the [oifowmg st which
can easily distinguish between 1-butyne and 2-
butyne

(@) bromine, CCl,

(b) H,, Lindler catalyst

(¢) dilute H,50,, HgS0O,

() ammoniacal Cu,Cl, solution

Identify the correct order of reactivily in
electrophilic substitution reactions of the following
conipounds :

NO,

CH, Cl
1 2 3 4
p)d4>3>12>1
$H2>3>1=>4

LL7 20802

@1>2>3>4
(c}2>1>3>4
When CHyCH,CHCl, s treated with NaNH,, the
product formed is

(@) CH;—CH = CH, (b)CH;—C=CH

_NH,

(¢) CH;CH CH
3 2 \NH

2

(&)
e
{d) CH:‘CH2CH\N o i
2 (Ca5E BMLL
Which of these will not react with acetylene ?
(a) NaOH (b) ammoniacal AgNO,
{c) Na {d)yHCl
(A LEEE 2002)
What is the product formed when acetylene reacls
with hypochlorous acid ?

95.

96.

97.

98.

1,

{¢) COCH, {(d) NHCOCH,

(AL LMS. 2000)
The treatment of benzene with isobutene in the
presence of sulphuric acid gives
{a) Isobulylbenzene (b) tert-Butylbenzene
(c) n-Butylbenzene (d) No reaction

(A LLALS, 2003)

Butene-t may be converted to butane by reaction
with
{e) Pd/H,
(5) Zn—HCI
(¢) Sn—HO
(d) Zn—Hg (A.LE.E.E. 2003

On mixing certain alkane with chlorine and irradiat-
ing it with ultraviolet light, one forms only one
monochloroalkane. The alkane could be

(a) neopentane (b) propane
(c) pentane (d) isopentane
(L LB 10, 2003 ]
CH,

The compound, CHS—(I.‘=CH—CH3 on reaction
with Nal(, in presence of KMnO, gives

(a) CH3COCH,

(b) CH,COCH, + CH,COOH

{c) CH4COCH, + CH,CHO

(d) CH;CHO + CO, (C.B.S.F PML 2003)
The correct order of reactivity towards the

electrophilic substitution of the compounds aniline
(1), benzene (II) and nitrobenzene (I1I) is

(@M >1>1

GYyI>1I>1

()1 <Il>1I

(@HI>11>11 (C.B.S.E. PM.T 2003)
Which one of the following order of acid strength
is correct ?

(a) RCOOH > ROH > HOH > HC = CH

{#) RCOOH > HOH > ROH > HC = CH

(a) CH,COC! (b) CICH,CHO
> (c) RCOOH > HOH > HC = CH > ROH
(R CLCHSELD e (d) RCOOH > HC = CH > HOH > ROH
(ALEALLE 2002) (C.BS.E DM.T 2003)
94. The orthofpara-directing group among the follow- g it
ing is =3 3 Hg" " /H
1. Ph—C=C—CH,
{a) COOH (b) CN :
Ais
AN S WETRS
88, b 89. d 50. ¢ 91. b 92. a 93 ¢ 94. d 95. b %. a 97. a
98. b 99.d  100. b
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0 CH,
L o 2 @ CH3-CH2—éHCHZCH20H
HaC HaC (AL EEE. 2004)
: H 3 107. The addition .. «nsymmetrical reagents to unsym-
d metrical alkenes occurs in such a way that the nega-
© Ph N\ (9) Ph tive part of the addendum goes to that carbon atom
OH of the double bond which carries lesser number of
H4C HsC hydrogen atoms, is called by
(a) Saytzeff rule (b) Markovnikov’s rule
102. 2-Hexyne pives frans-2-hexene on treatment with (c) Kharasch effect (d) Anti-Saytzeff rule
(a) Li/NH, (b) Pd/BaSO, (AEM.C. 2004)
i 163. Benzenc can be obtained by heating either benzoic
(c) LiAlH, (d) Pt/H g
o - acid with X or phenol with Y. X and Y respectively
103. 2-Phenylpropene on acidic hydration gives are
{@) 2-Phenyl-2-propanal (b) 2-Phenyl-1-propanal (a) Zinc dust and soda-lime
(c) 3-Phenyl-1-propanal (d) 1-Phenyl-2-propanal (b) Soda-lime and zinc dust
(¢) Zinc dust and sodium hydroxide
104. G is rotated anticlockwise 120° about oG (4) Soda-time and copper (Kurnataka C.E.T 2004)
bond 199. On heating a mixture of two alkyl halides with
1CH sodium metal in dry ether, 2-methylpropane was
. obtained. The alkyl halide is :
(a) 2-Chloropropane and chloromethane
(b) 2-Chloropropane and chloroethane
(c) Chiloroethane and chloroethane
{d) Chloromethane and 1-chloropropane
{(Karnataka C.E.T. 2004)
110. The first fraction obtained during the fractionation
The resulting conformer is & p:troleumbz:n » i
(@) Partialiy eclipsed  (b) Eclipsed (a) hydrocarbon gases  (b) kerosene of
(c) Gauche (d) Stageered (e)wasoine ity
£e (Karnataka C.E.T. 2004)
J . ! i W
105, Which of the following has the minimum boiing 1 " 1ieh of the following compounds is not aromatic ?
point ? .
(a) n-Butane (b} 1-Butyne (@} A (&) @
(c) 1-Butene (d) 1-Isobutene ™
106. Among the following compounds which can be (c) @ () Q
dehydrated very easily is
(@) CH;CH,CH,CH,CH,0H J&KCET 2004)
112. Ethylbenzene with bromine in presence of FeBr,,

101. a

(6) CH4CH,CH,—CHOH—CH,
CH,

predominantly gives

Br
J:_ Br 2
) CH3CH2—I CH,CH; (@ CH,CH, (b) @cn@m
OH
ANS WER'S™
102. a 103. a 104, ¢ 105. a 106. ¢ 107. b 108. b 109. a 110. a

111 ¢
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© @-cHzcmBr ) Br—@-CHZCHa

[ & K C.E.T. 2004
113. Which of the following compounds will exhibit cis-
frans- isomerism ?

(a) 2-Butene
{b) 2-Butyne
{c) 2-Butanol
(d) Butanone
(e) Butanol

114. Propyne when passed through a hot iron tube at
400°C produces

(@) Benzene
(h) Methylbenzene
(¢) Dimethylbenzene
(d) Trimethylbenzene
{e) Polypropene

O, Zn/CH,0H
CH=CH — X
(a) CH,OH—CH,0H (b) CH,COOH
(c) C,H;OH (d) CH;—CH,

(M. GLM.S. Wardha 20404}

116. Debromination of meso-dibromobutane will give
the product as

(a) n-butane
(c) cis-2-butene

118,

QLS

(b) 2-butyne
(d) trans-2-butene
(LG AN W e FOES

119. Octane number can be changed by
{a) isomerisation {(b) alkylation
{c) cyclization () all of these

120. 1, 2-Dibromoethane with alcoholic potash gives
{a) Ethane
(b) Acelylene
(¢) Ethylene
(d) Methane
{e) None of the above Kernla N5 E. 2002
121. Photochemical chlorination is initiated by a process
of

(a) Pyrolysis
(b) Substitution
(¢) Cracking
(d) Peroxidation
{e) Homolysis
122. Using anhydrous AICI, as catalyst, which one of the
following produces  ethylbenzene
(PhEL) ?
{a) CH;—CH,OH + CgHy
{(b) CH;—CH=CH, + CgH¢
(¢) H,C=CH, + C¢Hy
(dy CH;—CH; + C¢Hg

reactions

123. Which does not follow Markovnikov's rule ?
(a) CH,CH=CH,
(h) CH;CH=CHCHj,
{c} (CH4),CH—CH=CH,
{d) CH,CH,CH=CH, Orivin FEE 2008

124. Which of the following reactions will yield 2, 2-
dibromopropane ?
(a) CH, = CHBr + HBr

{(b) CH,C = CCH, + 2 HBr
{c) CH,C = CH + 2 HBr
{(d) CH,CH = CHBr + HBr BT

125. Term ‘Hexadecane’ in petroleum is commonly

117. Pick out the alkane which differs from the other
members of the group
(@) 2, 2-Dimethylpropane
(b) Pentane
(¢) 3-Methylbutane
{d) 2, 2-Dimethylbutane
118, Among the following the aromatic compound is
(a) V (®) @
+ +
& AL @ \ 7
AN'S
112. d 113. a 114. d 115. a 116. d
125. ¢

122, a

123. &

124. ¢

called as

(a) Octane (b) Petrol

(c) Cetane (d) LPG
[FECRS
117. d 118. a 19 d 120. & 121. ¢
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6.

10.
14.
15.

16.

18.
19.
20.

21.

22.

28,

26.

HINTS/EXPLANATIONS to Multiple Choice Questions

In conformations of hydrocarbons, for exampie, in
ethane, only the bond distance between, the non-
bonded hydrogens changes (for example, in
eclipsed form, distance = 229 pm while in stag-
gered form it is 310 pm) while alf bond distances
and bond angles, however, remain to be the same.
Stmilarly in boat form of cyclohexane, the distance
between fragpole H-atoms is only 183 pm which is
much smaller than the distance between similar
H-atoms in chair conformation.

Larger the branching, higher the octane number.
Toluene because it is aromatic.

Since it has the largest number of carbon atoms.
p-Xylene being symmetrical packs closely in the
crystal lattice.

Because ammoniacal CuCl reacts with ethyne but
not with ethene.

Only terminal alkynes react.

Markovnikov’s addition

Let the heat of hydrogenation per double bond
= x keal mol~L. .. Total heat evolved when three
double bonds of the benzene ring are hydrogenated
=3x keal mol”!. But the actual heat evolved
= 498 kcal mol ™! and resonance energy = 36-0

keal mol~ L
L 3Ax—36=49.8 or Zr=49-8+36-0=85-8

or x = 28-6 keal mol L.

Only but-2-ene is symmetrical therefore,
Markovnikov’s and anti- Markovnikov's products
are the same.

n-Octane and 2, 2, 3, 3-letramethylbutane have
eight carbon atoms each but n-octane has astraight
chain while 2, 2, 3, 3-tetramethylbutane is higly
branched.

Both ethane and hexachloroethane contain C—C
bonds and hence have 1ess hindered rotation than
about C = C in ethylene and C = C bond in
actylene. Out of ethane and hexachloroelhane, the
latter has higher hindered rotation because of big-
ger size of Cl atoms.

Markovnikov's and anti-Markovnikov’s addition of
HBr gives two structural isomers, Le.,

HBr
CH,C = CCH,CH; — CH;CH = C(Br)CH,CH,

+ CH,C{Br) = CHCH,CH,

Each of these two isomers can exist as a pair of cis,
rrans-isomers and hence there are four configura-
tionat isomers.

30.

2.

33.
39.

40,
41.

42.
43.

46.

48.

51.

56,

61.

64,

. CH;CH,C = CH + H,0

Vegetabie oil is a mixture of triglycerides of higher
fatty acids. ;
(R

CH,-CH-C=CH,
é é Zw/H,0
H; CH, -
CHy-CH~-C=0 + CH,=0,
Methanal
éﬂs H;

3—Methyt~2~butanone
Refer 1o the text on page 15/57.
Terminal alkyne containing (CH,), CH group.

It has least number of C-atoms.

Cleavage on either side of each double bond gives :
€H,CHO, CH;COCHO and CH, 0.

Sinee it is non-terminal,

As expected first a miixiure of o- and pxylenes is
obtained which subsequently undergo rearrange-
ment to give the thermodynamically more stable
m-xylene.

. (CH},(COOH), actually represents HOOC—CH

= CH—COOH
iSomersm.

Only (b) has a conjugated system of 6 - electrons.

While cyclopentadienyt cation has only 4 -
electrons.

(CH,CMgCl + D,0—
(CH4);CD + Mg (OD) Cl.

which shows  geometrical

. Only - COOH ism-directing, rest are all o, p-direct-

ing.
‘Terminal alkynes on oxidation give a mixture of
CO, and a carboxylic acid with one C-atom less
than that of the starting alkyene.

Arenes undergoes electrophilic substitution reac-

tions.
HgS0, + H,50,

Mark. addn.
Tautomerises

CH4CH,C = CH,
H

CH,CIH, - CO - CH,,
C,H, decolourises KMnO, solution but does not
give ppt. with AgNQ, sofution.
A-Chiorovinyldichloroarsine and Lewisite are
names of the same compound.
The option (@) mplies EC. acytation.
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70. Compound (¢} has no =-clectrons, compound e
shown in option (d) is called azulenc in whichboth 95, (CH,),C £ CH, + HY —> (CH,),C i
the rings have six z-electrons and hence azulene is 33 . s +
an aromatic compound. So are benzene (a) and
naphthalene (b). CH
72. Since the S—H bond in mercaptans (RSH) is | i KMnO
weaker than O--H bond isalcohols (ROH); there- 9% CH.—C = CH—CH ;
fore, mercaptans are stronger acid than aicohols. 2 7
Further, since both alkoxide ions (RO™) and CH, et
L]
acetylide jon (RC s € 7)reactwith H,O (o give the cug—éq:."n—cu, S
corresponding aleohol and acetylene respectively,
therefore, both alcohols and terminal alkynes are H H
weaker acid than water. H,50,/HgSO KMnrO,
B34 CH,;),C =0 + CH,CHO ——
74. CH,C » CCH, + H,0 S
(CH,),C = O + CH;COOH
+

ng
101. Ph—C=C—CH; ——

Isobutene ~-H
CH3)3C--C6H5
tert = Butylbenzene

CH,COCH,CH,.
78. AgNO, in NH, reacts with propyne to give white
Ppt. to silver propynide while propene does not. K H
During catalytic hydregenation, the hydrogens are Ho H,0: |
transferred from the catalyst to the same sideof the  PP—C. 7= £—CH, ag R FPh—C =CH-CH,
doubte bond thereby giving cis-alkenes. Evidently Cp— ’:‘I - ~ Hg'
smalfer the number of R substituents, lesser is the Hg
steric hindrance and hence faster is the rate of ~ More stable
mogemﬁm- ineipient carbocation

; L Tautomerises
#0. [(CH;CH,),CH,);,CuLi + BrCH,CH; Yomense Ph—CO—CH,CH,
Lithium di(3—pentyl}cuprate
CH,CH, () HS0,
103. CH,—C=CH,
CH,—JZH——CHZCH_,‘ + (CH4CH,),CHCu + LiBr & i (&) boit with H,0
65
3—Ethylpentane i
(MF.GH,) 2~Phenylpropens l)H
81. Reactivity towards clectrophitic substitution CH,—C—CH;
decreases as the electron density in the benzene CH
615

ring decreases. Thus, option (a) is correct, Le. 111 >
[>11>TV 2—Phenyl—2—propanal

79

85. Six isomers are \C =C ;
cl-

Rotate anticlockwise

B

120°

P~ I F
GRErT o T
[ & Br Br~~ =T

F 1 F Cl
Reud L oTcag
Br~ ~a i~ “Br

B ~Br
C=C
1 B G|

87. CH,C = CCH, being lincar and symmetrical has
lowest (or zero) dipole moment.

and
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I NS,

1l

115.

116.

Because of greater polarizability, alkenes and
alkynes have higher boiling points than their
isomeric alkanes.

(@), (h) and (d) have a cyclic cloud of six z-electrons
and hence aromatic while (#) has 4 =- electrons and
hence antiaromatic.

O3 Zn/CH30H
CH = CH— OHC—CHO
(Reduction)
H,OCH,—CH,OH

Ethane—1, 2—diol
Addition of Br; to 2-butene gives meso-2, 3-
dibromobutane by frans-addition (refer to page

15/34). Conversely, debromination of meso-2, 3-
dibromobutane also occurs by frans-elimination.
mechanism to form frans- 2-butene.

(a). (b) and (c) are all isomers but (d} is not.

Canly (a} has 2 x-electrons and hence is aromatic.
All others have 42 elecirons and hence anr-
aromatic.

In presence of aphyd. AICL, ethanol pives

117,
118,

122.

CH,CHZ which attacks the benzene ring to give
ethylbenzene (Refer to page 15/73).

Symmetrical alkenes, i.e., 2-butene does not follow
Markaovnikov's rule.

123.

vmv_(

o

e B g e e P
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For All C‘:ompetltlve Examinatlons

y; e Questions

The following questions consist of an ‘Assertion’ in column 1 and the ‘Reason’ in column 2. Use the following

key to choose the appropriate answer.

(a) It both assertion and reason are CORRECT, but reason is not the CORRECT explanation of the assertijon.
(&) If both assertion and reason are CORRECT, but reason is not the CORRECT explanation of the assertion.
{c) If assertion is CORRECT, but reason is INCORRECT.
(d) If assertion is INCORRECT, but reason is CORRECT.

(e) If both assertion and reason are FALSE.

Assertion

C4Hg represents a bicycloalkane.

Bui-1-ene and 2-methylprop-1-ene are position
isomers.

CHBr = CHCI exhibits geometrical isomerism but
CH;Br—CH,Ci does not.

All the earbon atoms of but-2-ene lie in one plane.

2-Butene shows geometrical isomerism.

Alkanes having more than three carbon atoms exhibit
chain isomerism.

Cycloutane is less stable than cyclopentane.

Lactic acid shows geometricat isomerism.

Reason
‘The general formula for bicycloalkanes is C H,,,.

Position isomers have same molecular formula but
differ in the position of the functional group.
Presence of double bond is one of the conditions of
geometrical isomerism.

All the carbon atoms in but-2-ene are sp-hybridized.
cis and frans-2-butene are diastereomers.

All carbon atoms in alkanes are sp-hybridized.
(ALIM.S. 1994)

Presence of ‘bent bonds’ causes loss of orbital overlap
(ALILM.S. 1995)
(ALIM.S. 1997)

IihasaC = C bond.
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Asvertion Reason
9. A solution of bromine in CCl, is decolourised on | Bromine is expelled from the solution as gas by
bubbling acetylene through it. acetylene.
10. 1In Kolbe’s electrolytic decarboxylation reaction, there | Kolbe's electrolytic method can also be employed for

11.

12.

13

14,

115

16.

17.

18.

19.

20,

are n-carbon atoms in the parent compound, the
alkane produced will have (n—1) carbon atoms.

Treatment of 1, 3-dibromopropane with zinc
produces cyclopropane.

Acetylene reacts with dilute H,SO, in presence of
HgSO, 10 give acetaldehyde.

Propene and HBr react in the presence of benzayl
peroxide to give 1-bromopropane.

Both toluene and r-propylbenzene give the same
product on oxidation with KMnO,.

The acidity of C—H bond varies in the order :
CH = CH > CH, = CH, > CH,~CH,4

Addition of Br, to 1-butene gives two optical isomers.

Dimethyl sulphide is commonly used for the reduction
of an ozonide of an alkene to get the carbony! com-
pounds.

Alkylbenzene is not prepared by Friedel-Crafts alkyla-
tion of benzene.

trans-2-Butene on reaction with Bry gives meso-2,
3-dibromobutane.

cig-1, 3-Dihydroxycyclohexane exists in boat confor-
mation.

producing ethene and ethyne.

The reaction of alky! halides with zinc metal is called
Corey-House reaction.

Acetylene is a feebie acid.

In presence of peroxides, addition of HBr occurs anti
to Markownikov’s rule,

KMnO, oxidises alkyl side chains of arenes irrespec-
tive of their length to — COOH group.
Higher the bond order greater the bond strength.

The product contains one asynimetric carbon.
(LI.T 1998)

It reduces the czonide giving water soluble dimethyl
sulphoxide and excess of it evaporates.
(II.T 2001)

Alkyl halides are less reactive than acyl halides.
{A.LIM.S. 2003)

The reaction involves syr-addition of bromine.
(A.LLM.S. 2003)

In the chair form, there will not be hydrogen bonding

between the two hydroxyl groups. (A.LLM.S. 2003)

True/False Statements

Which of the following statements are true and
which are false ? Rewrite the false statements cor-
rectly.

2, 2-Dimethylbutane and 2-methylbutane are chain
isomers of hexane.

Acetylene is a tetrahedral molecule.

Like alkenes, alkynes also show geometrical
isomerism.

Staggered and eclipsed conformation of ethane can
be separated.

In benzene, carbon uses all the three p- orbitals for
hybridization. LT 1987)
The most accepted theory about the origin of
petroleum is believed to be of organic origin.
Branching in hydrocarbon chain decreases the oc-
tane number.

. Gasoline directly obtained by refining of crude

petroleum is called straight run gasoline.

9. Reforming involves conversion of aliphatic into
aromatic hydrocarbons.

In Fischer Tropsch process, synthetic petroleum is
obtained by the hydrogenation of coal.

Waurtz reaction can be used to prepare alkanes with
odd number of carbon atoms.

Hydration of ethyne in presence of dil. H,80, and
HgSQ, as catalyst at 333 K gives ethanal.

10.

11.

12.

13.
14.

Polyvinyl chioride is a polymer of chloroethane.
A mixture of conc. HNO, and conc. H,50, is used
for sulphonation of arenes.
LPG does not contain methane since it cannot be
easily compressed.
Acetylene is more acidic than ethylene.

(B.LT Ranchi 1992)
Phaotobromination of 2-methylbutane gives a mix-

ture of 1-bromo-2-methylpropane and 2-bromo-2-
methylpropane in the ratio 9: 1. (LT 1993)

15.

16.

17.
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FillIn The Blanks
1. A quarternary carbon atom is attached to .... other 17. Gasoline obtained by ..... has a higher octane num-
carbon atoms. ber than straight run gasoline.
2. In methane, carbon exhibits .... hybridization and 18. An alkene is expected to have a ..... melting point
the four hybrid orbitals are inolined at angle of .... than the corresponding alkane due to greater ....
3. Chain isomerism arises due to different arrange- 1%. The boiling points of hydrocarbons are low because
ments of the ... of weak ..... forces of attraction.
4. Infinite number of spatial arrangements of atoms 20. A ... chain alkane has usually a lower boiling point
1 spa . po
oblained by rotation about carbon-carbon single than the corresponding .... chain alkane.
bond are called ... 21. Out of isopentane and neopentane, ........... has
5. The two extreme conformations of ethane are higher boiling point because of larger surface area.
called .... and ... 22. Removal of H,0 from ethyl alcohol is an example
6. Restricted rotation about carbon-carbon double of afl ............ reaction.
boncgives R e oah o 23. Alkanes undergo ... reactions whereas
7. Resonance energy is a measure of extra s(ability alkynes give........ ..... reactions.
conferred on the molecule due to .... of electrons. 1 : . "
: g et =t TN E 18 a versatile method for locating the posi-
8, Lewisstructures which differ in the position of elec- tion of the double bond in an alkene.
trons and not in the position of atoms are called ... : 1. ] e
- ; ] 5L e is more acidic than ammonia but less acidic
9. Organic compounds which contain at least one than water.
DECEEIEEEnEIClE ... com!munds. 26. The hydrogen atoms in acetylene are .... due to
10. The real structure of benzene is a ....... of two ...... greater ..... of the carbon atoms.
structures. 2 . ;
. 27. Benzene gives ... reaction like ...
11. The three isomers of xylene are called ..., ..., and .... hydrocarbons.
12. Isomerswhich differ in the spatial orientation of the 28. 1, 3-Migration of a hydrogen atom from one
atoms or groups are called ..... polyvalent atom to the other within the same
13. Carbon-carbon bond length in benzene is ... which molecule is called............
is intermediate between carbon-carbon single bond 29. The valence atomic orbital on carbon in silver
length of ... and carbon-carbon double bond length acetylide is ..... hybridized (LT 1990)
of .... y s
30. Addition of water to acetylenic compounds is
14. Petrolcumis avaluable source of ..... hydrocarbons, catalysed by .....and .... e (15(_)1- 1993)
15. Coal is the chief source of ..... hydrocarbons. H
16. The processused toincrease the octane numberof 33 R _ ¢ w - R 2

gasoline is called ...,

Lindlar catalyst  (LLT 1994)

Matching Type Questions

Match the entries in column X with those in column Y.

X
1. Cyclic conjugated polyenes with 1
(4n + 2) r-electrons,
Naphthalene

o-Dichlorobenzene does not exist as
two isomers

Tetraethy! lead
Friedel-Crafts reaction

™
2

W
bad

Wurtz reaction
Ozonolysis

3 13y Aralies
Sk Rl

Y
Delocalization of z-clectrons

Aromatic compounds
Moth repellent.

Alkyl halides in presence of metallic sodium

Arenes and alky] halides in presence of anhydrous AICI,
Anti-knocking agent.

Location of doubie bond in an alkene.
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ANSWERS
ASSERTION-REASON TYPE QUESTION
1.{c) 2(d) 3() 4.() 5(d) 6.() 7.(a) 8.(d) 9(c) 10.(d) 11.{c) 12.(h)
13.(a) 14.(a) 15.(b) 16.(a) 17.(a) 18.(b) 19.{c) 20.(e)
T_F!IJEIFALSE_ STATEMENTS
1. False, 2, 2-dimethylbutane and 2, 3- dimethylbutane 2. False, actylene is a linear molecule 3. False,
alkynes do not show gecometrical isomerism 4. False, cannot be separated 5. False, only two p-orbitals
6. True 7. False, increases the octane number 8. True 9. True 10, False, is obtained from water gas
11. False, even number of carbon atoms 12.True 13. False, polymer of chloroethene (vinyl chloride)
14, False, nitration of arenes 15. True 16. True 17. False.

FILL IN THE BLANKS

1. Four 2. sp* , 109° — 28’ 3. carbon chain 4. conformations 5. staggered, eclipsed 6. geometrical

7. delocalization 8. canonical or resonating structures 9. aromatic 10. resonance hybrid, Kekule
11.1,2; 1, 3-and 1, 4- dimethylbenzenes. 12. stereoisomers 13. 1:39 A, 1-54 Aand 1-34 A

14. aliphatic 15. aromatic 16. cracking or reforming 17. cracking 18. higher, polarizability

19. van der waals’ 20. branched, straight 21. isopentane 22. elimination 23, substitution, addition

24. Ozonolysis 25, acetylene 26. acidic, electronegativity 27. substitution, saturated 28. Tavtomerism

R R

29. 3p 30. Hg?* salts and dilute acids 31, C=C7
iy

cis— alkene

MATCHING TYPE QUES. v (S
1—2,2—3,3—1,4—6, 5—5, 6—4 and 7—7.

‘Correct explanation. Geometrical isomerism arises

INTS/EXPLANATIONS to A ¢ = ¢ T e due
Correct  reason.  The general formula for 19. Correction reason : The reaction involves rrans-
bicycloalkanes in C H,, . addition of bromine, (refer to page 15/34 for ex-

planation).

20. Correct assertion : cis-1, 3-Dihydroxycyclohexanc
exists in the chair firm,
Correct reason - Due to flipping of the ring, the two
equatorial hydroxyt groups become axial and thus
come closer to form H-bonds as shown below :

due to hindered rotation about single bond (in
cyclic compounds) and double bonds.

Correct reason. Only the carbon atoms of the
double bond in but-2-ene are sp*-hybridized.

Correct explanation. 2-Butene has restricted
ion a = C bond. He..
rotation about C D/ ‘D"’"H

Correct reason. There are more than one way in a
which more than three carbon atoms can be Ring H
connected. flipping i
Correct explanation : Dueto +1-effect of the alkyl o

groups, alkylbcnzenes are more reactive than H OH

benzene and hence readily undergo further 1H

alkylation to form mlyalk}'lalion producls. cis-1, 3-Dihydroxycyclohexane cis-1, 3-Dihydrexycyclohexane
: (diequatorial form) {diaxial formy)




