Ncert problems and solutions
What effect does branching of an alkane chain has on its boiling point?

Alkanes encounter Van-der Waals forces between molecules. The higher the alkane’s power, the
greater is the boiling point.

As the molecule branching increases, the surface area decreases which leads to a small contact
area. As a result, the force of the Van-der Waals (or intermolecular force) decreases too. Those
forces can be overcome very easily at a relatively lower temperature. Thus, the boiling point of
an alkane chain decreases as branching increases.

Addition of HBr to propene yields 2-bromopropane, while in the presence of benzoyl
peroxide, the same reaction yields 1-bromopropane. Explain and give mechanism.

The addition of HBr to propene is an example of an electrophilic substitution reaction.

Being an acid, the hydrogen bromide provides an electrophile, H+. This electrophile attacks the
propene double bond to form carbocations of 1 ° and 2 °, as shown below:

H,C—CH=CH_+ H—Br
| A
| |

H,C—CH—CH,+Br H,C—CH—CH_+Br

(Less stable) (More stable)
Primary carbocation Secondary carbocation

Secondary carbocations are stable in comparison with primary carbocations. The secondary
carbocations therefore predominate, as they form at a faster rate than primary carbocations.
Thus, Br— attacks the primary carbocation to form 2-bromopropane as the main product in the

next step.
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2-Bromopropane



This reaction follows the rule of Markovnikov, in which the negative part of the addendum is

attached to the carbon atom with fewer hydrogen atoms than other carbon atoms present in the
compound.

While, in the presence of benzoyl peroxide, an addition reaction takes place anti to
Markovnikov’s rule. The reaction follows a free radical chain mechanism as shown below:

i
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CH,—CH=CH,_+ Br
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CH,— CH—CH, CH—CH—CH—Br
I {(More stable
Br secondary free radical)

(Less stable
primary free radical)

Secondary free radicals are stable in comparison with primary radicals. The secondary radical
therefore predominates, for it forms at a faster rate than the primary radical. Therefore 1 —
bromopropane is obtained as the main product.

CH,— CH — CH_Br + H—Br

Homolysis

» CH,—CH,—CH_Br + Br

1- Bromopropane
major product

Br acts as an electrophile in the presence of peroxide, as a free radical. Thus, in the presence
and absence of peroxide, two different products are obtained on addition of HBr to propene.



Write down the products of ozonolysis of 1,2-dimethylbenzene (o0-xylene). How does the
result support Kekulé structure for benzene?

o-xylene has two resonance structures, which are as follows:

CH, CH,
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Methylglyoxal 1,.3- Demethylglyoxal

All three products are obtained from two Kekule structures of o-xylene, i.e., methyl glyoxal, 1, 2-
demethylglyoxal, and glyoxal. As all three products can not be obtained from either of the two
structures, this proves that o-xylene is a resonance hybrid of two Kekule (I and II) structures.

Arrange benzene, n-hexane and ethyne in increasing order of their acidic behavior. Also,
give areason for this behavior.

Acidic character of a species is defined on the basis of the ease with which it can lose its H—
atoms.

The hybridization state of carbon in the given compound is:
H

©/ CH,— (CH,),— CH, H—cCc=cCc—H
Benzene Hexane Ethyne H
Sp? Sp® Sp

As the s — character decreases, carbon electronegativity decreases and C — H bond pair

electrons lie away from the carbon atom. As a result, H— atom partially positive charge increases,
and H+ ions are set free.

The s—character decreases in the order:
Sp > sp? > sp?

Hence, the increasing order of acidic behavior is Hexane < Benzene < Ethyne.

Why does benzene undergo electrophilic substitution reactions easily and nucleophilic
substitutions with difficulty?



Benzene is a planar molecule with electrons delocalized under and above the ring plane. Hence,
it is a material rich in electrons. As a consequence, electron-deficient species, i.e., electrophiles,
are extremely attractive.

Benzene therefore very easily undergoes electrophilic substitution reactions. Nucleophiles, on
the other hand, are also species that are rich in electron. Therefore, benzene is repelled as
compared to electrophiles. Thus, benzene suffers from difficulty from nucleophilic substitutions.

Question 13.20:

How would you convert the following compounds into benzene?
(i) Ethyne (i) Ethene (iii) Hexane

Answer 13.20:

()Benzene from Ethyne:

Red hot Fe
3CH =CH —_—
Ethyne 873 K
Benzene
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Benzene

(iif) Hexane to Benzene
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Write structures of all the alkenes which on hydrogenation give 2-methylbutane.

The basic structure of 2-methylbutane is shown below:

On the basis of the above structure, various alkenes that will give 2-methylbutane on
hydrogenation are shown below:

Cl'l— C2— C2— C*
|
C

(@)

H,C—CH—CH=CH,
|
CH,

(b)
CH

3

|
CH— C=CH—CH,

(©)



CH;= C—CH—CH,
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Arrange the following set of compounds in order of their increasing relative reactivity
with an electrophile, E*

(a) p-nitrochlorobenzene, Chlorobenzene, 2,4-dinitrochlorobenzene,
(b) p - H3C - C5H4 - NOz, TO|Uene, p'OzN - C6H4_ NOZ

Electrophiles are reagents that participate in a reaction by accepting a pair of electrons to bind to
nucleophiles.

The higher the density of electrons on a benzene ring, the more reactive the compound is to an
electrophile, E* (Electrophilic reaction).

(a) The electron density of the aromatic ring decreases due to the presence of an electron-
withdrawing group (i.e., NO, — and CIl —) which deactivates the aromatic ring.

Since, Cl — group is less electron-withdrawing (due to the inductive effect) than NO, — group (due
to resonance effect), the increasing order of reactivity is as follows:

2, 4 — dinitrochlorobenzene < p — nitrochlorobenzene < Chlorobenzene
(b) While NO,— group is electron-withdrawing, CH.— is an electron-donating group.

Toluene, therefore, has the maximum density of electrons and is most easily attacked by E..
Since NO,— is an electron-removing group. Therefore, when the number of NO, substitutes is
higher, the order is the following.:

p-O:N — CsH,— NO, < p — H;C — CeH, — NO, < Toluene.

Out of benzene, m—dinitrobenzene and toluene, state the increasing order of nitration.
Justify your answer?

The ease of nitration depends on the presence of electron density on the compound to form
nitrates. Nitration reactions are examples of electrophilic substitution reactions where a nitronium
ion (NO,—-) attacks an electron-rich species.

Now NO,— is electron withdrawing and CH.— group is electron donating. Since, m—
Dinitrobenzene will have the least electron density. Hence, it will undergo nitration with difficulty.
Therefore, toluene will have the maximum electron density among the three compounds followed
by benzene. Hence, the increasing order of nitration is as follows:

CH,
NO,

m- dinitrobenzene Benzene Toulene

NO

2



List the names of some Lewis acid which can be used during ethylation of benzene in a
Friedel-Craft alkylation reaction.

The reaction of benzene to the presence of Lewis acids (AICI;) with an acyl halide or acid
anhydride yields acyl benzene (or benzene ring). A Friedel-Craft alkylation reaction is called such
a reaction. The reaction occurs in the presence of a Lewis acid.

In the Friedel-Craft alkylation reaction, any Lewis acid such as anhydrous AICl;, FeCl,;, SnCl,,
BF; etc. may be used during the ethylation of benzene.

Why is Wurtz reaction not preferred for the preparation of alkanes containing odd number
of carbon atoms? lllustrate your answer by taking one example

For the synthesis of symmetrical alkanes (i.e. alkanes with an even number of carbon atoms),
the Wurtz reaction is limited. Two similar alkyl halides are taken as reactants in the reaction, then
an alkane is formed which contains double the number of carbon atoms.

Example:

________________ Dry ether
CH —Br + 2Na+ Bri— CH—> CH—CH, + 2NaBr

Bromomethane Ethyne

Wurtz reaction can not be used to produce unsymmetric alkanes (i.e. alkanes with an odd
number of carbon atoms), because if two dissimilar alkyl halides are used as reactants, a mixture
of alkanes is obtained as the items. Since the reaction involves free radical species, there is also
a side reaction to creating an alkene.

Iodomethane lodoethane
l Dry ether

CH,—CH,CH, +2Nal

------------ ' Dry ether
CH _-!_-|-__2_I'\1Ic'_'1_-|_-_l__:—CH3 — 2Na + CH;—CH,
Ethane
____________ Dry ether

CH,CH; 1+ 2Na+|-'—CH CH, — 2Nal + CH,CH-CH_CH,

___________ Butane



