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AROMATIC HYDROCARBOS

INTRODUCTION

The term “aromatic” was derived from the Greek word “aroma™ meanming “fragrant”™.

These compounds have a low hydrogen to carbon ratio in their molecular
formula and have a characteristic odour. However, t was soon realized that many
aromatic compounds are odourless whereas many others are fragrant though they are not
aromatic. Further, when aromatic compounds of higher molecular mass were subjected to
various methods of degradation, they often produced benzene or derivatives of benzene.
All aromatic compounds have a six carbon unit in their molecules like benzene, toluene,
naphthalene, biphenyl, etc. Benzene is the simplest and the parent member of this class of
compound, Few examples of aromatic compounds are given below,

CH,
Heneene Naphthalene Taluene Biphenyl

Benzene has regular planar hexagonal structure. On the basis of number of
benzene rings. aromatic compounds are classified as:
Aromalic compounds
Monocylic aromatic compounds Monocvlic aromatic compounds
{ Benzene and its dervatives) t Benzene and its derivativies)

|
I l

Fused ring sofated ring aromatic

arommatic compounds compounds
(1) Monocyclic Aromatic Compounds:
“The aromatic compounds which have only one benzene ring in their molecule
are called monocvelic aromatic compounds.”

301
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They consist of benzene and their d::rivulivcs. For examples:

CH, OH COOH CHO SOLH
Benzene Toluene Phenol Aniline Benzoic  Benzaldehyde  Benzene
actd  (hister shimond vil}) sulphonic

acid

(2) Polycyclic Aromatic Compounds:

“Aromatic compounds containing twe a more benzene rings in their molecules
are called polvevelic aromatic compounds. ™

They may be divided further into two classes:

(i) Isolated Rings Aromatic Compounds:
They polyeyelic compounds containing isolated benzene rings in them are called
isolate polyeycelic compounds. e.g

00 OO

Bipheny! Diphenylmethane
(i) Fused Polycyelic Compounds:

The compounds in which the benzene rings are fused together at ortho positions
so that the adjacent rmgs have a common carbon to carbon bonds. cg,
naphthalene, phenanthrene and anthracene.

00 6000

Naphthalene Phenanthrene Anthracene

| NOMENCLATURE

Following rules are used for naming the aromatic compound. The names given in
brackets are traditional of non-systematic.

(1) Mono-substituted benzene derivatives are named by using prefix “Benzene” after
the name of the constituents.
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CH, CH.CH,

@@@@

Mcthylbenzene  Ethylbenzene  Chlorobenzene Nitrobenzenc
{ Toluene)

(2) Some monosubstituted benzene derivatives have been accepted as systematic
names, or called special names, ¢ g-,

CH, OH COOH CHO
Toluene Phenol Aniline Benzoic  Benzaldehyde
acid

Note: When one hydrogen of benzene is removed, phenyl radical C¢Hs — 1s formed. It is
also called aryl group and its symbol is Ph —,
(3) Dissubstituted benzene are named, using one of prefixs, ortho (1, 2) meta (1, 3) or

para (1, 4).
X
Crlho—> <«— (Mic
Mg —>» €«— MNHa
Paa
Some examples are given below
CH,
I, 2 Dimethylbenzene 1, 3 Dimethylbenzene 1.4 Dlmuhylht.nn:lw
{o-xylene) {m-xylene) (p-xvelene)

(4) If two or more different substituents are present at benzene, they tare named
according to the prionty list — higher in polarity will be given number 1. Other
substituents are numbered by counting from position | in the manner which given
then the lowest number. The order of priority of substituents are given from left to right.

~-COOH, -CN, =CHO, -COCH3, —-OH, -NH:, -OR, -R
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COOH N COON

OH CHO NH,

2-Hydroxybenzoic acid  2-Aminobenzaldchyde  2-Asmnobenzoic acid
{Salicyclic acid)
(5) If two or more different substituents are present on benzene ring and have no
priority order, then lowest possible numbers are used. The substituents are listed
alphabetically when writing the name.

3
NO, Br_4 2_CH,
[
Br CH,
I-broma 2-nitrobenzene 4-bromo-1,2-dimethylbenzene

(0, bromonitro benzene)

NO,

NO, Cl
2-chloro:1, 4 J-chloro 1-indobenzens
dinitro bengene im-chloroiodo benrene)

(6) If there is a substituent on the benzene ring which gives a special name to the
molecule. than special name is used as parent name to the molecule.

OH OH OH
CH,
CH;

{o-Cresol) (m-Cresol) ClI,
{p-Cresol)
COOH COOH {'OOH

COOH
COOH
] HPU IR VIR R+ | T SO | PR

Phthalic acid Isi-Phthalic acd COOH

Tere-Phihalic acid
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CH, OCH,
CH, CH,
CH, CH, CH, CH,
Mesitylene Methyl-pheny] ether Durene
{Anisole)
OH SO.H CH,
I
NH, Cl
P-Aminophenol 4-Chlorobenzene 2-lodotoluens
sublphonic acid
{4-Aminophenaol) ip-Chlorobenzene (o-lodotoluenc)
sublphonic acid)
CH, OH
NO,
4
Cl NO, NO,
4-chloro-3, 5-dimethyl 2.4 6-trinitrototuene 2 4 6-trimitrophenol
phenol {Dettol) (TNT) i picric acid)

OH

COOH Br

1

2, 3-dichlorohenzoie 2. h=dibromophenal
acid

| BENZENE ||

Benzene was discovered by Michael Faraday's in 1825 n the gas produced by
destructive distillation of vegetable oil. In 1845 Hotffman obtained benzene from coal tar
which 1s still a commercial source of benzene. Large quantity of benzene and alkyl
benzenes a prepared is USA by cracking of petroleum.
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STRUCTURE OF BENZENE

(1) Tae empinical formula of benzene 15 CH. This formwla s determined by the
e.emental acalvsis,

(11) I's melecular mass detereamed by the vapous density method 1s 78,208, This is six
times the empincal Sormulz mass (CH = 12 — | = 133 Therelore, the mo.ecvlar
formula 1s ©He.

(1) The molecular foromla of benzene iedicates that 1t s highly usaturated compound.

Nature of unsaturation in benzene (benzene is not an open chain compound):

The osen cham formula of CeHe can be written in the following wavs:

{1} HU=¢C —(H; —(CH;—-C=(CH (1.5 hexadiyne)

{11) CH: =CH —{=C —CH=CH: {Hex |, 53-chen-3-yue)

() CH;=C=(CH—(H=(=0CH: (1.2.4.5. hexzietrasne)

Aoove structures can add 4 molecules of Ha as well a2 4 molecules of Cl or B
in it, But actually benzene can add only thres mnlecules of Ha oo Cl separately.
These reaciions ndicates that benzens has three double boncs,

Un tae other hand above structures are of z.kenes or alkyres, zlkenes or akvnes
oxdize with KMrO: solition but benzene does not decolarize KMnOy soluton,
Tais indicates that senzene is a saturated bydrocarson, Beazene also gives
substitution reaction with conc. ENOy or coae. H:504, This indicates that it is
saturatad compeund but addition rezctions indicate that it is unsaturased.

Result of the above discussien 15 that benzeng 5 not an open caam compound.

(2) Considering a swraight caain structuze for benzens and Zurther assuming that sack
carbon  carries ome H-atomy, it showld bhe capeble of foronng  three
monostbetituticn products but it zives on.y one menasubstitution product.

X x X
C.CC.CCL. CeClol. CC.eCCl
Monosusbstituent product

(3} The molecular formula of senzene ‘s CyHs. This formalz does not corresponds to

any alipaatic hycrocerbon like alkane CaHagea, aliene CaHzq or alkyne CoHznn.

All above points mdicate the benzene does not belong to open chamn hyvcrocarbon,

KEKULE STRUCTURE OF BENZEMNE

The structure of benzens contimied fo be a serions proble:n for chemists fer abour
48 years. A German chemist, Kelue, at last selved the problem i 1263, Kekule
proposed a cyehic regular hexagonal structore for benzene, which contains tares double
cternating with three single bonds. He supported hus theory by the tollowing arguments.
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r
s
o || I
lﬂ{‘ «—_f.f"ﬂ
(1) Benzene gives only one monosubstituted product.

O—C

(i1) Benzene E_we only three l.h‘:-l..ll’ﬁhll..ll{fd products.

O —r Q0

These points confirm the regular hexagonal structure for F:rc-nzcnc in which all the
carbon atoms are occupymg identical positions in the molecule. Therefore,
benzene form only one toluene. one phenol and one nitrobenzene.

(i}  Benzene adds three hydrogen molecules in the presence of a catalyst. It indicate
that it has three double bonds.

CH,
H.C” TCH,
— | |
" Heal e, _CH,
- R.' f’ +

CH,
(iv)  Benzene adds three molecules of chlorine in the presence of sunlight.
. H\‘ _’,_.(I ‘
C L\ ,f( % ./LI
Sunlight H=c C=1I
+ 30, ——— | |
H=-C C=C
i
O SE° SH
H” Sl

These reactions confirm the presence of three double bonds alternating with three
single bonds.

Objection in kekule structure:

(1) Kekule’s formula of benzene has three double bonds in it. It has high degree of
unsaturation in it while substitution reaction of benzene indicates that it is a
saturated compound.



308 [CH.9] Aromatic Hydrocarbos
(2)  Kekule model suggest that bond distance

between carbon-carbon atoms are unequal.

Double bond has less bond length than the

single bond. X-rays analysis shows that all

bond distances between C — C are equal.
(3)  The theoretical value of heat of formation of gaseous benzene is greater than the

actual value of heat of formation of benzene. This indicates that actual structure of
benzene 1s more stable than proposed kekule structure.
§|

X-rays Studies of Benzene Structure: | ﬂr;\'
L h il |Rﬁ .
I'he X-ray studies of benzene have confirmed Hy € &H
the hexagonal structure for it. These studies have also iy €

revealed that all the carbon and hydrogen atoms are in |

| e—— 1.397A"

the same plane. All the angles are of 120°. ALC - C SN AN
and C — H bond lengths are 1.397A° and 1.09A°, ‘i
respectively. H

MODERN STRUCTURE OF BENZENE

(Atomic orbital treatment of benzene)

According to hybridization theory. all six carbon atoms in benzene are sp™ hybridized.
The ¢lectronic configuration of carbon is:

Is*, 2s°, 2px', 2py', 2pz  (group state)

One electron is promoted from s to p orbital:

Is*, 2s', 2px', 2py', 2pz'  (excited state)

One s and two p orbitals of carbon atom intermix and form three sp” hybrid orbitals.
The sp*-hybrid orbitals overlap with each other and with s-orbitals of the six

hydrogen atoms. forming C - C and C - H bonds as shown in the figure.

(i)

W 7 -G

ﬁ ﬂ [.x':|'1:v.-‘~|:‘r'l overfap
F F C—C o bond)

f(. L'

(Formation of sigma bonds in benzene)
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Since the bonds result from N g
the overlap of planar sp*-orbitals, all = c\‘}"
carbon and hydrogen atoms in H=C)2ot cXn
benzene lie in the same plane. All xL-_L{\
sigma (o) bonds in benzene lie in one H H

plane and all bond angles are 120° as

(sigma bonds of C — C and C - H in benzene)
shown below.

Each carbon atom wn benzene have an unhybridized p-orbital containing one
electron. These p-orbitals are perpendicular to the plane of sigma bonds. The parallel
overlap of these p-orbitals produces a m-molecular orbital contianing six electrons. One
half of this m-molecular orbitals lies above and the other half life below the plane of
sigma bonds, The six electrons of the p-orbitals cover all the six carbon atoms and are
said to be delocalised.

wemaelecular orbital
—p-owbitils

PP
—_
overlap

{ Adjacent p-orbitals overlap to form {Sandwich structure of benzene)
the w-molecular orbitals in benzene)

As a result of delocalization, a stronger m-bond is formed. A continuous sheath of
clectrons in present above and below the carbon plane and structure 1s called sandwich
structure. The n-bonds of benzene are different from m-bonds of alkenes. m-bonds of
alkenes are localized between two carbon atoms while w-bonds of benzene are
delocalized. That is why, the chemical behaviour of benzene 1s different from alkenes.
Benzene is less reactive than alkenes due to delocalization of m-electrons in benzene.

STABILITY OF BENZENE ||

Benzene is a stable molecule, Stability of benzene is due to the extensive
delocalization of n-clectrons cloud, Extent of stability of benzene (1. 3, 5 eyclohexatriene)
can be measured from heat of hydrogenation.

“The heat of hydrogenation is the amount of heal evolved when one mole of
hvdrogen is added to a molecule.”
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Stability of benzene can be understand by the heat of hydrogenation of cyclohexene,

I, 3-cydohexadiene and 1, 3, S-cyclohexatrien,

Cyclohexene, a six membered ring containing one double bond, can be easily
hydrogenated to give cycloexane. When the AH for this reaction is measured, it s found

to be —119.5 kl/mole very much like that of any similarly substituted alkene.

O *l -i_} Q
Gk baant

AH =-119.5 kJ/mol

We would expect, that hydrogenation of 1, 3-cyclohexadiene would liberate
roughly twice as much heat, and thus have AH equal to about —239 kl/mole. When this
experiment is done, the result is AH = -231.5 kl/mole. This result is quite close to what
we calculated, and the difference (7.5 kJ) can be explained by taking into account the fact
that compounds containing conjugated double bonds are usually somewhat more stable
than those containing isolated double bonds.

(The compound with alternate multiple bond is called conjugate system)

—A3 - —
1 Sk boosaiina- Gk borenc

Calculated AH = (=119.5x 2) = =239 kl/mol
Observed AH = —231.5 kl/imol
| (&g
I
Calculated AHpygrogenation = (=119.5 % 3) = —358.5 kl mol™'
'[}bSCWCIj 5HI|.I_.,'.J1.I.,_.;.;;|.J:““1 - —zm'; k.l mﬂ'iﬂ't

Difference = —358.5—(-208) = —150.5 kJ mol'
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Resonnnce Energy
+3H, = 150.5 klimole
o Pl

+2H

AH -355‘.5 klmole

Benzene + 31

Potential Energy

AH = -231.5 klmaole

AH =-208 klVmaole
AH = -119.5 klmole o

Cyclohexane

(A comparision of heat of hvdrogenation of cvelohexe, I, 3-chelohexadiene and 1,
3, 5. evelohexatriene).

“The difference in energy between hypothetical structure (I, 3, 3, cvclohexatriene)
and actual structure (benzene) is called resonance energy. ™

Resonance energy gives a measure of stability of the compound. Greater is the
resonance energy, greater will be the stability of compound. In polycyclic aromatic
hydrocarbon, more extensive delocalization is present and they are more stable than
benzene. The resonance energy of benzene is 150.5 kJ mol™' but resonance energy of
naphthalene is 250 kJ mol™ due to greater delocalization of n-cloud at 10 carbon atoms
rather than at six carbon atoms.

|| RESONANCE STRUCTURE OF BENZENE |

“The possibility of difference pairing schemes of valence electrons of atoms in a

molecule is called resonance” and the different structures thus arvanged arve called
“"Resonance structures "

The resonance is represented by a double headed arrow (€3) e.g.. the following

different pairing schemes of the fourth valence (p-electrons) of carbon atoms are possible
in benzene.
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|
[ 2 2 6
— — — —
5 3
5 3
4
b e

= d

a
o ) N A
' e il
Kekule's structures Dewar structures

(a), (b) were proposed by Kekule and ¢, d. e, were proposed by Dewar. The
stability ol a molecule increases with mcerease in the number of its resonance structures,
Thus molecules of benzene is chemically quite stable.

In Dewar structure, the carbon atom at opposite positions 1-4, 2-5 and 3-6 are at
larger distances than those in the adjacent positions 1-2., 2-3, 3-4, 4-5, 5-6 and 6-1.
Therefore the bondings between C) — Cy, C: - Cs and C; — Cs are not favourable
energetically. Hence the Dewar structures for benzene have minor contribution towards
the actual structure of benzene.

Infact, the structure of benzene is a resonance hybrid of all the five structures (a),
(b), (c). (d) and (e) in which the Kekule's structure (a) and (b) have the larger
contribution. Therefore. benzene molecule can be represented by either of the two

Kekule’s structure.
@ @ |

The three alternate single and double bonds in the above structures are called
conjugate bonds or resonating bonds.

Since the structure of benzene is a resonance hybrid, therefore all the € — C bond
lengths equal but different from those in alkanes, alkenes and alkynes.

In alkanes the C — C bond length is 1.54A°,

In alkenes the C =0C bond length 15 1.34A°.
In alkynes the C = bond length is 1.20A°,
In benzene the C — C bond length 15 1.397A".

The C — C bond length in benzene is intermediate between those in alkanes and
alkenes.
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|| PREPARATION OF BENZENE

Some methods for the preparation of benzene are given below:

(1) Dehydrogenation of Cyclohexane:

Benzene can be prepared by the dehydrogenation of cyclohexane, when heated at

250°C in the presence of catalyst platinum or pladinum.

(2) From Acetylene:

Heod
_—

HE

Benzene 1s formed by passing acetylene under pressure over an organo-nickel

catalyst at 70°C.

Organo-nickel catalyst

JHC =CH

Acetylene

(3 From Alkanes:

L
r

TEC

Beénzene

Benzene and toluene can also be prepared by passing the vaporous of n-haxane or

n-heptane over a mixture of catalysts Cr03 + AL QO3 + SiOz at 500°C.

CH,
e ri'lt_,
|
EI_\{\\ /lH:
CH,
n-Hexane
CH,
|
CH,
CH,
|
H.C CH,
STy
CH,

n-Heptane

m:l""

Cr,0, + ALO, + 8i0,

» L -I'H_
S00°C

Benzene

CH,

Cr,0, -+ ALD, + S0,

Cal _—1'H_
5007

Toluene
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(4) Laboratory Preparation:

(i) Decarboxylation: Sodium benzoate 1s heated with soda lime to form benzene.
O
| s
C—0ONa
o Ca0
t WalH T} F Na,C0,
=i :

(i) Distillation of phenol with zine dust.

D1
A ———> @ AR
Parad

(iii)  Hydrolysis of benzene sulphonic acid with superheated steam or by boiling with
dil. HCL.

(5) Waurtz-Fitting Reaction:
Fitting (1864) extended Wurtz's synthesis to alkyl aromatic hydrocarbins.

Br CH, - CH,
2Ma
1L, -CHL - Br ——— F INaBr
= - Ether

GENERAL MECHANISM OF REACTIVITY OF

BENZENE TOWARDS ELECTROPHILES

The highly stable, delocalized electrons of benzene are not readily available for
the nucleophilic attack like the electrons of alkenes. Therefore, the electrons of benzene
ring do not assist the attack of weak electrophile. Therefore, more powerful electrophile
is needed to penetrate and break the continuous sheath of electron cloud of benzene. For
example; in the halogenation of benzene, iron is converted to FeXs which reacts with
halogen to form a powerful electrophile (X7).

2Fe +3X: — 2FeX;
FeXa+ Xo ———— FeX, + X"
(Halogenonium ion)
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The halogenonium ion attacks the benzene ring as a powerful electrophile.

x—rl
X~
” b FeX] — - FeX,

The addition product is not favoured because the stability of benzene is lost. The
only possibility is the formation of substitution product in which the stability of
benzene is retained.

General Mechanism of electrophilic substitution reaction of benzene 1s:

@%—*O

{ Provduct)

SOME EXAMPLES OF ELECTROPHILIC
SUBSTITUTION REACTIONS

In all given reactions H electrophile is replaced by another strong electrophiles.
All electrophilic substitution reactions indicates that benzene is a saturated hydrocarbon.
(1) Halogenation:

“If H' of benzene ring is substituted by halogen atom, it is called halogenation.”

Benzene reacts with halogen in the presence of a catalyst. Chlorination and
bromination are normal reactions but flourination is too vigorous to control,
lIodination gives poor yicld.

Br

Fe or FeBr,

L 3

+ Br, - HBr

Bromobenzene
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Similarly,

Cl

Fe or FeCl,
+Cl, > +HC1

Chlorobenzene
Mechanism:

The actual halogenating agent is X that is formed by the following mechanism:

X:+ FeXs ————» X~ +FeXs

Cl + FeClh, ——— C1' + FeCl,
Cl €l

kl
e +H

/-—--.H_
HC

Base

(L

FeCl, + H' ————— HCl+ FeCls

When alkyl benzene are treated with chlorine or bormine in the presence of
sunlight, only the alkyl groups are substituted. It is a free radical mechanism.

H, CH.CI
Sunlight
+Cly — + HCI
Benzyl chlonde
CH.CI CHCL,
Sunlight _
+Cl, ————> -~ HC
Benzal chloride
CHC, CCl,
Sunlight
LCl, —> + HC|

Benzoirichloride
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(2) Nitration:

“Substitution of an electrophile H™ of ring with NO, is called nitration. or
introduction of =NO: nitro group in benzene is called nitration. ™

The nitration of benzene takes place when it is heated with a mixture of conc.
HNOs and cone. H2SO04 (1@ 1) at 50°C. Sulphuric acid reacts with nitric acid and
generate nitronium ion,

NO,
1,500,
FHNO, —> + H.O
S0°C
Mechanism:
‘Etr"l‘.'
HONO: + HOSO:H s=—> NO, + HS(L + H:0

MO,
H Nl Fasi .
+ HSOQy ———> + H.50,

MNilrobenzne

(3) Sulphonation:

“The introduction of sulphonic acid group (=SO:I) in benzene ring is called
sulphonation.” When benzene is heated with fuming H:S04 or cone. HaSOs 1t

vields benzene sulphonic acid.

SOH
80
t H,80, —— + H.0
’ H.80,

Henzenesulphonic acid

JEso

Mechanism:
When sulphuric acid alone 1s used, the actual electrophile in this reaction is SOs.

H>S04 + H:SOy ——— H:0 + SO; + HSO,
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0
H |
B=q0
l
w 0
)
|
5=
I+ Hs0,
(B
l
[
S— OH
W, :
0 .0
Beneene sulphonic acid

(4) Friedal Crafts Reactions:
“The allvlation and acvlation of benzene is called Friedal Crafts reactions.”

(a) Friedal Craft Alkylation:
The introduction of an alkyl group in the benzene ring in the presence of an alkyl
halide and a catalyst AICl: is called Friedel Cratis atk}f ation or Alkvlation.

<:>

=
na @

For example:
Benzene Toluene
Mechanism:
R—Cl+ AlClz ———— AICL, +R”

Carbocation

OJQ
n
” AIL[
- AICH, ¢ HC + AICT,

( ><_>
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{b) Friedel Craft Acylation:

0
The introduction of an acvl group R — C —in the benzene ving in the presence
af an acvl halide and a catalyvst AICl is called Friedal Crafts Acvlattion or

Acviation.
O O
Il |
R—C¥ —CPF-+ AICl; ————— R—C'+ AICI,
8]
) H |l
,.—..,,u” C—R
HR—f —————2
s
0
H || |
C—R C—R
FAICT, O\ + HCI + AICI,
)
0 I
C.E- HL—{—(I — + HCI
Beneene Acetyl chloride Acetophenone (Methvl Phenvl Ketone)
L)
0 I
| AlCI, C—=Gh,
+CH,—C—1]] —————» + HCI
Benzophenong

THE REACTIONS IN WHICH

RING IS AFFECTED

(1) Addition Reaction:

Addition reactions of benzene indicates that benzene has three double bonds in it.
Addition reactions also indicates that benzene is an unsaturated hydrocarbon.

(a) Addition of Hyvdrogen (Reduction):
Benzene is reduced to cyclohexane on heating at high temperature, with hvdrogen
in the presence of Pt in an acidic solvent (acetic acid) or Niat 200°C as a catalyst.
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(b)

(2)
(i)

(ii)

Niat 200°C
« 3H .
: or PUH,O

Cyelohexane

Halogenation:
Benzene reacts with chlorine and bromine in the presence of sunlight to give
addition products, hexachlorobenzene or hexabromobenzene, Fluorination is too
vigorous while iodination is slow,
Br H
H Hr

Sunlight Br H

+ 3Br, ———— C H.Br, OR
H Br

Br T
o Br

Hexabromobenzene or
Benzene hexabromide

Oxidation:

Combustion:

When benzene is burnt in free supply of air, it is completely oxidized to CO: and
H-0.

CsHe + 1520 ——— 6C0: + 3H:0
Catalvtic Oxidation:

Benzene 15 not oxidized by KMnQOy or K:Cr207 at room temperature, The ring 15
destroyed when benzene is strongly heated with air in the presence of V205 as a
catalyst.

)
I
0, M=k : .
2 90, ——=> 2 || 0+ 4C0, + 4H.0
450°C HOC —
I
Benzene ()
Maleic anhydride
0y
I
H(—C HC — COOH
| 0+HO —— ||
HC =—(C HC =— COOH
I ot s
a Maleic acid

Maleie anhydride
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(iii)  Ozonolysis:

Benzene reacts with ozone and gives glyoxal through benzene triozonide.

e — (J4,

Ickra
S e
N O O
H C ()] " ”
Voo 3
lll"'[..'l.L (O-C=—H + 3Zn ———> 3Zn0+ 3CH-CH
0 | Cilvoxal
/= =H
- b
e 0
H / \‘ }/

(iv)  Oxidation of Side Chain of Benzene:
Alkyl benzene are readily oxidized by acidified KMnOs or K:Cr:0;. In these
reactions, the alkyl groups are oxidized keeping the benzene ring intact.
2KMnO;y + 3H2804 ——— K804 + 2MnS0Oy + 3H:0 + 5[0]
CH COOH

KMnO, + H,S0,

310] 1O

Toluene Benzoic acid
Whatever the length of an alkyl group may be, it gives only one carboxyl group.
Moreover, the colour of KMnOy is discharged. Therefore, this reaction is used as

a test for alkyl benzene.
CH.CH, COOH

KMnO, + H.S0,
- 6[0] > + 2H,0 + €O,

Ethyl benzene Benzoic acid

ORIENTATION IN ELECTROPHILIC
SUBSTITUTION REACTIONS

When an electrophilic substitution reaction takes place on benzene ring, we get
only one monosubstituted benzene because all the six positions in the ring are equivalent.
However, the introduction of a second group nto the ring may give three isomeric
disubstituted products, ortho, meta and para.
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0-0-000

Monosubstituted
Benzene Ortho Meta Fil"l
Disubstituted benzene
On chance basis, 40% ortho, 40% meta and 20% para disubstituted products are
expected.
But the actual disubstitution of benzene does not follow this principle of chance,
e.g.. m=nitrochlorobenzene is the main product of the ihllowing halogenation reaction.

NO,
l el’l,
+ HCI
Toluene m-chloromtrobenzene

On the other hand, a mixture of o-nitrochlorbenzene and p-nitrochlorbenzene is
obtained from the nitration of chlorobenzene.

Cl Cl Cl
NO,
H.580,
+ 2HNO, ——> + +2IH.0

Toluene o-chloronitrobenzene

P-chloronirobenzene
A substituent which is already present on the ring affect the orientation and
second substituent in two ways:
(1) A substituent already present affects the reactivity ol the aromatic ring.
Some substituents activate the ring and reactivity increases. Some substituent
deactivate the ring and reactivily decreases.
(2) Substituents effect the orientation of the reaction. Some substituents are
ortho and para directors and some are meta directors,
(a)  Ortho-pera Directors:
Ortho-para directors donate electrons to the ring and they activate the ring. The
electron clouds of m-bonds increases at the ortho and para position. An incoming
electrophile attacks only at the ortho and para position because these positions are
more reactive than meta position. Following groups if attached already to the
aromatic ring makes it ortho-para directors.
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CHs — X —(Cl. Br, ). —OH, —NHa,

All these groups increases electron density at ortho and para position and
factlitiate the attack of clectrophile at ortho and para position.

For example, nitration of the toluene gives two products, o, nitro toluene and p-
nitro toluene.

CH, CH,
N,
H S0,
NG, + 2 . + IO
301 -ui 'C

Toluene O-nitrotoluene
p-nitrotoluene

The electron releasing effect of methyl group is significant and it makes the ring a
good nucleophile. Due to this increased reactivity, more nitro groups can enter the

ring,
CH, CH, Cl,
NO, NO, NO,
H.S0),
2 + 2HNO, ————> | - 4H.0
60-70"C
CH, CH,
NO, NO),
H,S0,
F3NNO, ———— F3H.0
100°C B
NO.

Trimtrotoluene (T.N.T)
Meta Directors:

These groups withdraw the electron of the benzene ring towards themselves,
thereby reducing their availability to the electrophiles. This results in the decreased
chemical reactivity of benzene. Morcover, duc to the electron withdrawing cffect of
such substituents, the ortho and para positions are rendered more electron deficient than
the meta position, Thus the incoming electrophile will prefer to attack on meta position
rather than ortho and para positions. These groups are called meta-directing groups.

Following groups are metal directors:

—C=N, —COOH, — CHO. —NO, "RCO, —NR31, —503H
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All these groups deactivate the ring and decreases electron density at ortho and
para position. They facilitate the attack of incoming electrophiles only at the meta
position. For example, nitration of the nitrobenzene takes place at meta position.

NO, NO,

H.50,
+ HINO, T" + H,O

NO,

Note: Usually ortho and para directors activate the ring and meta directors deactivate the
ring. However halogens are exceptional. They direct incoming electrophile at
ortho and para and deactivate the ring. Halogen, have electron withdrawing nature
and decreases electron density from ring.

COMPARISON OF REACTIVITY OF
ALKANES, ALKENES AND BENZENE

Alkane are un-reactive class of hydrocarbons. Alkanes are least reactive. All
bonds are sigma bonds. Sigma bonds are strong and they required greater amount of
energy to break down. All these compounds are non-polar m nature and do not reacts
with acids, alkalis, oxidizing agents or the reducing agents. However, alkanes undergoes
substitution reactions and involve free radical mechanism.

Alkenes are very reactive class of hyvdrocarbons. They contain double bond
between C — C atoms. The reactivity of alkenes is due to the presence of exposed n-
electron cloud. Alkenes reacts easily with electrophiles and itself behave as nucleophiles.
Alkenes usually undergoes addition reaction. Alkenes are relatively unstable class of
compound so they undergo polymerization. Alkenes are readily oxidized by the oxygen
gas and ozone.

Benzene is highly unsaturated compound and it very stable as compared to
alkenes. The stability m benzene 15 due to the extensive delocalization of n-electrons. n-
electrons are present above and below the carbon plane in the form of sheath. Large
amount of energy is required to break this delocalization of clectrons. Benzene does not
undergo polymerization reactions. Benzene usually undergoes electrophilic substitution
reactions and reacts with strong electrophiles. Addition reactions of benzene are very
few. Benzene shows addition reactions with H: in the presence of catalyst. Cl: in the
presence of sunlight and ozone. The decreasing order of reactivity of alkane, alkene and
benzene is:

Alkene > Benzene > Alkane
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“ EXERCISE ”

Q.1  Fill in the blanks:

(i) The term aromatic was derived from Greek word ——— meaning

(ii)  Aromatic hydrocarbons include benzene and all those compounds which are

related to benzene.

(iii) is recognized as the simplest member of the class of aromatic
hydrocarbons.

(iv) Benzene has ——— structure,

(v)  These removal hydrogen atom from aromatic hydrocarbons gives a radical. The
radicals 1s called

(vi) Benzene was discovered by Michael Faraday in

(vii) The unhybridized 2p, orbitals in benzene partially overlap to forma of
electron cloud.

(viii) The introduction of halogen group in benzene ring is called

(ix)  The molecular formula of CyHs indicates that it is highly —————— compound.

(x) On oxidation in the presence of V205 benzene gives

(i) aroma, fragant (ii) structurally (iii) benzene

(iv) cychic hexagonal (v) aryl (phenyl) (vi) 1825

(vii) sheath (viii) halogenation (ix) unsaturated

(x) maleic anhydride

Q.2  Indicate True or False:

(i) Benzene 15 more reactive than alkene and less reactive than alkane.

(ii) Benzene has a pentagonal structure.

(iii)  The C-C bond length in benzene molecule 1s 1.397 A.

(iv) The state of hybridization of carbon in benzene molecule is sp*.

(v) There are six sigma bonds in benzene molecule.
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(vi)  Halogenonmum ion produced in electrophilic substitution reactions is a powerful
electrophile.
(vii)  In electrophilic substitution reactions, addition products are favourable.
(viii) Sulphonation is carried out when benzene is heated with conc, HNO .
(ix)  Inozonolysis benzene directly gives glyoxal.
(x) Benzene has five resonance contributing structures.
[ ANSWERS
(i) False (i) False (iii) True (iv) False (v) False
(vi) True (vii) False (viii) | False (ix) False (x) True
Q.3 Multiple choice questions. Encircle the correct answer:
(i) The benzene molecule contains:
(a) Three double bonds (b) Two double bonds
(¢) One¢ double bond (d) Delocalized n-clectron charge
(ii) Aromatic hydrocarbons are the derivatives of:
(a) Normal series of parafting (b) Alkene
(¢) Benzene (d) Cyclohexane
(iii) Which of the following acid can be used as a catalvst in Friedel-Crafts
reactions:
(a) AICI; (b) HNO;
(¢) BeCl (d) NaCl
(iv) Benzene cannot undergo:
(a) Substitution reactions (b) Addition reactions
{¢) Oxidation reactions (d) Elimination reactions
(v) Amongst the following the compound that can be most readily sulphonated is:
(a) Toluene (b) Benzene
(c) Nitrobenzene (d) Chlorobenzene
(vi)  During nitration of benzene, the active nitrating agent is:

(a) NO; (h)y NO,
(¢) NO: (d)y HNO;
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(vii)

{viii)

(ix)

(x)

Which compound is the most reactive one:

{(a) Benzene {b) Ethene
(¢) Ethane (d) Ethyne
The electrophile in aromatic sulphonation is:
(a) H:S04 (b) HSO,
() SO: (d) SO,
Aromatic compounds burn with sooty flame because:
(a) They have high percentage of hydrogen

(b) They have a ring structure

(¢) They have high percentage of carbon

(d) They resist reaction with air

The conversion of n-hexane into benzene by heating in the presence of Pt is
called:

(a) Isomerization (b) Aromatization

(¢) Dealkylation (d) Rearrangement

“ ANSWERS "

(i)

(d) (ii) (c) (iii) (a) (iv) (d) (v) (a)

(vi)

(b) (vii) (b) (viii) (c) (ix) (c) (x) (b)

Q.4

What are aromatic hydrocarbons? How are they classified?

m Aromatic Hydrocarbons: Among hydrocarbons, the compounds having at least

one benzene ring is called aromatic compounds. e.g., toluene.
Classification see in text book.

What happens when:

(a) Benzene is heated with cone. H:S0; at 250°C.

(b) Chlorine is passed through benzene in sunlight.

(¢) A mixture of benzene vapours and air are passed over heated vandaium
pentoxide.

(d) Benzene is burnt in free supply of air.
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(a) SO.H
@ +Hs0, —20€ , @ +HO
SO.H
@ L 1so, —180€ @\ FHO
SOH
SOH
SOH SO.H SOH
Ol H
o Fial H l
@-Kl unlighi CH.CL ;]} [|_11
Cl H
H (1
Hexachloro benzene
)
I
V.0, HC —C S
HC—C~
I
)

(d} 2CqHe+ 1503 —— 12C0: + 6H20

(.6  What is meant by the terms:
(i) Aromatic (ii) Oxidation (iii) Sulphonation
(iv) Nitration (v) Halogenation

@ For definitions, consult text book.

Q.7 (a) Draw structural formulas for the following compounds:

(i) m-chlorobenzoic acid (ii) p-hydroxybenzoic acid
(iii) o-bromonitrobenzene (iv) o-ethyltoluene

(v) p-nitroaniline (vi) 2,4, 6 trinitrotoluene
(vii) m-nitrophenol (viii) p-dibenzylbenzene

(ix) 2-amino-5-bromo-3 nitrobenzenesulphonic acid
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(b) Give names and the possible isomeric structures of the following:

(i) Xylenes (ii)} Trimethylbenzene

(iii) Bromonitrotoluene

m (a)
COOH

(i) m-Chlorobenzoic acid @\
Cl

COON
(ii)  p-Hydroxybenzoic acid

(}H
NO,

B
(iii) o-Bromonitrobenzene @’ :
CH,
C.I
(iv)  o-Ethyltoluene ©/ H,

N
(v) p-Nitroaniline
N
CH.
NO. NO.
(vi) 2.4, 6-Trinitrotoluene
MNCL,
OH

(vii) m-Nitrophenol @\
NO
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(viii) p-dibenzylbenzene @—‘ ‘@@

SOH
(ix)  2-amino-3 brome-3-nitro NH,
benzenesulphonic acid
Br NO,
(b)
(i) Xylene:
CH, CH, CH,
" QA
CH,
CH,
o-xylene m-xylene p-xvlene
(ii) Trimethylbenzene:
CH, CH, CH,
i i CH, CH,
CH; CH, CH,
CH,
(iii)  Bromonitrotoluene:
CH. CH. CH.
¢ QL
NO, Br NO,
Br
Q.8  Write IUPAC names of the following molecules.
CHO CH.CH, OH
CH. CH. Br Br I
(a) (b) (c)
Br CH, Cl

{a) 4-bromo-2, 6-dimethyl benzaldehyde
(b)  3-bromo-4-ethyl toluene

(c) 6-bromo-4-chloro-2-iodophenol
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0.9 Give the general mechanism of the electrophilic aromatic substitution reactions.
Descriptive question. Consult text book.
Q.10 (a) Describe the structure of benzene on the basis of following:
(i) Atomic orbital treatment (ii) Resonance method

(b) Prove that benzene has a cyclic structure.
@ Descriptive questions. Consult text book for details.
Q.11  Predict the major products of bromination of the following compounds:

(a) Toluene (b} Nitrobenzene (¢) Bromobenzene

(d) Benzoic acid (¢) Benzaldehyde (H Phenol

CH, CH, CH,
. Br
Br
in 49 ™<l>»
-
b) @ g > | e
=
i panitscboraerc
Br Br Br
Br
(€) :@ 2B, —1O0 @ r G/ - 2HBr
Br
CCOD 1 CCOD 1
(d) @ E: Ik HE
=
il zax
D> <jd>

(e) @ rl'gﬂ 1B
e
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OH OH

Br Br
0 + 3Br. —» + 3HBr

Br

2, 4, o-Trbromophenol
Q.12 How will you prepare the following compounds from benzene in two steps:

(a) m-chloronitrobenzene (b) p-chloronitrobenzene

(a) Benzene ———— m-chloronitrobenzene
Steps Involved:

(i) Nitration:

() e

(ii) Chlorination:

@ —q‘i@\ —HE =
L& I

(h) Benzene ——— p-chloronitrobenzene

(1—‘
(i) @ - (] .
Cl Cl
NO.
(ii) @ + 2HNO, % " - 2H.0

NO,
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Q.13 Complete the following reactions. Also mention the conditions needed to

carry out these reactions.

+. H, —

O
Q T p—
O

+ Zn _—

+ 50, ——

V.0, : 1x
(i) 2@ F 90, e 2 |l 0 +4C0,+4H0
. HC —C

{maleic anhydride)

£l
<1
(i) @ —:%i—ﬂ@ -z
SOH
) @ + Ho 00 + HSO,
S0.H

v) @ L 80, % @ - H.SO,
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(.14 Detail out three reactions in which benzene behaves as if it is a saturated
hydrocarbon and three reactions in which it behaves as if it is unsaturated.

| Benzene as Saturated Hydrocarbon: In following reactions benzene behaves as

a saturated hydrocarbon,

(i) Halogenation: Benzene reacts with Cl: in the presence of FeCls to give
chlorobenzene. A hydrogen atom of benzene 15 replaced by a halogen atom so,
gives a substitution products,

o Cl
Reaction: @ L Cl-C) _FeCl. ®/ ¢ HC

(ii) Nitration: Benzene reacts with concentrated nitric acid in the presence of conc.
H:S0s to give a substitution product nitrobenzene.

NO,
Reaction: @ FH—0-NO, % U FH.O
1

(ili)  Sulphonation: Benzene reacts with conc. HaS04 at 80°C 1o give a
o SO.H
Reaction: @ +H-0-50H ———— + H.0O

Benzene as Unsaturated Hydrocarbon:

(i) Hydrogenation: Benzene adds three molecules of hvdrogen in the presence of Ni
at 250°C gives addition product cyclohexane.

(i) Chlorination: Benzene adds three molecules of Cls in the presence of sunlight

and gives addition product hexachlorobenzene.
Cl

Cl Cl
Reaction: @ +3Cl, . Suniight
Cl Cl

Cl
(iii)  Ozonolysis: Benzene adds three molecules of ozone and give benzene triozonide
which is an addition product.
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0

|
o C-H

Reaction: CiHi + 308 —— CiHeOy —— | t ZnO

£n »

C-H

I

(§)

Q.15 What are Frediel-Crafts reactions? Give mechanism with example of the
following reactions:

(i} Friedel-Crafts alkvlation reactions
(ii) Friedel-Crafts acylation reactions

Friedel-Crafts Alkylation:

<
u::r;:l:‘i@ 8 0S

CH:Cl + AICL, —— AICL + CH;

. CH, CH
Qo — 27

(Strong electrophile) (Toluene)

Mechanism:

Friedel-Craft’s Acylation:

0
|

‘%ﬁ C—CH,
: AIC] :
@ + CH~C-C] -AlCl @ + HCI

( Acetophenone)
Mechanism:

0 0
| |
CH:+~C—Cl + AICL > AICL + CH—C"
L

) O
|
L' CH, 4 C-CH,
et — "
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(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(9)

(10)
(11)
(12)

(13)

(14)
(15)

“ DO YOU KNOW? |

Benzene was discovered by Michael Faraday in 1825,

Benzene was found in coal tar in 1845 by Hoffmann.
Vinyl benzene is called styrene.

Isopropyl benzene 15 called cumene,

Methyl phenyl ether is called anisole.

O-methyl phenol 18 called O-crsol.

p-xylene on oxidation form tere-phthalic acid.

Mixture of HNO: and H:SO; used for nitration of benzene is called nitrating
mixture.

Benzene has regular cyelic hexagonal structure.
Benzene on oxidation in the presence of V20s forms maleic anhydride.
Benzene on ozonolysis forms glyoxal and finally oxalic acid.

The substitution of hydrogen atom of benzene by the alkyl radical (R) s called
alkylation.

0 )

o]

When the hydrogen atom of benzene 1s substituted by the acyl group \R - C .
the presence of AICI: it is called "acylation”.

n

Maphthalene 15 also called “moth balls™

The C=C bond distance in benzene is 1.397 A°.
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Which of the following acid can be used as a catalvst in Friedel Craft's
reaction:

(a) AlICI: (b) HNO;

(¢) BeCl (d)y NaCl

During nitration of benzene, the active nitrating agent is:
(a) NO; (by NO,

(¢) NO, (d) HNO;

The electrophile in aromatic sulphonation is:

(a) H:S0y (b) HSO,

(e) SO, (d) S0

Hydrogen to carbon ratio in aromatic hydrocarbons is:

(a) Low (b) High

(¢) Equal {d) MNone

The second substitution in benzene ring would give rise isomeric products:
(a) One {b) Two

(¢) Three (dy Four

Molecular mass of benzene is determined by:

(a) Vapour density method (b) X-ray diffraction

(¢) Elemental analysis (d) Degradation method

C — H bond lengths in benzene are:
(a) 099 A (by 1.09A
(¢) LI2A (d) 1.397 A

139
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10.

12.

14.

16.

17.

Each carbon in benzene ring is ———— hybridized:

(a) sp (b) sp”

() sp’ (d) None of these

On hydrogenation benzene liberates energy:

(a) 358.5 kl/mole (b) 119 kJ-mol™'

(¢) 208 kJ-mol! (d) 130.5 kJ-mol™'

The benzene ring is oxidized to maleic anhydride when strongly heated with:
(a) NV200°C (b) V:0:450°C

(¢} AICI/150°C (d) Sunlight

Main source of aromatic compound is:

(a) Petroleum (b) Coal-tar

(¢) Living organism (d) Decad marine animals

When acetvlene is heated at 300°C in Cu-tube, the product obtained is:

(a) Benzene (b) Thiophene

(¢) Divinvl acetylene (d) Xylene

Which one of the following species is ortho and para director:
(a) CHO (b) -50:H

(¢) —NO: (d) Cl

The carbon-carbon bond distance in benzene:

(a) 1.54°A (b) 1.34°A

(€) 1.2°A (d) 1.39°A

In toluene synthesis by Friedel Craft, the reactants in addition to anhvdrous
AICI; are:

(a) CsHy + CHy (b) CyHsCl

(¢) CsHs+ CH;iCl (d) CqHsCl+ CHa
Benzophenone is also known as:

(a) Biphenyl (b) Dimethyl Ketone

(¢) Diphenyl Ketone (d) Methylphenyl Ketone

The no. of possible isomers of xylene are:
(a) 2 by 3
(¢) 4 (dy 5
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18.  The molecular formula of naphthalene is:

(a) CoHs (b)y CiHo
(¢c) CiHi2 () Ci=Hy-
19. Chlorine react with benzene in the presence of sunlight to give:
(a) Chlorobenzene (b) Benzoyl chlomide
(¢) Ortho-para dichlorobenzene  (d) Hexachlorobenzene
20 Effect of substituent on benzene ring is due to:
(a) Resonance (b) Inductive effect
{¢c) Both{a)and (b) (d) Unpredictable
21. In which of the following cases, the benzene rings are isolated:
(a) Naphthalene {b) Phenanthrene
(¢) Anthracene (d) Triphenylmethane

22. Benzene is stable than ethene because it has:
(a) More m-bonds {b) Localized m-electrons
(¢) Delocalized n-electrons (d) More o-bonds

23. Which of the following is ortho and para directing group:

(a) —-OH (b) —OCH:
(¢) —-CHO (d) —-NH-
24. Among the following compounds which can be readily sulphonated:
{a) Phenol (b) Benzene
(¢) Nitrobenzene (d) Chlorobenzene
25.  Structure of benzene is resonance hybrid of all ——structures:
(a) 3 (b) 4
(c) 5 (d) o
26. Aromatic hydrocarbons are derivatives of:
(a) Paraflins (b) Alkene
(¢) Benzene (d) Cyclohexane

27.  Which of the following explains the structure of benzene:
(a) Atomic orbital treatment of benzene
(b) Resonance method
(¢) Both(a)and (b)
(d) None
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28. The conversion of n-hexane into benzene by heating in the presence of
(AL O3 + 8i0; + Cr203) is called:

(a) Isomerization (b) Aromatization
(¢) Dealkylation (d) Rearrangement
29, Which of the following is called benzyl radical:
|

(a) CuHs- (b) Cylls - CH
|
{¢) CiH;-CH:- (d) CiHs -C -
|
30.  Toluene can be converted to benzoic acid in the presence of:
(a) dil. NaOH (b) dil. HNO;
(¢) Conc. HNO: (d) Acuditied KMnOyg
3. Cyclic structure of benzene was proposed by:
(a) Dewar (b) Faraday
(¢) Down (dy Kekule
32,  Benzene does not undergo:
(a) Addition (b) Substitution
(c) Polymerization {(d) Aromatization

et i i o e e e

danswers

Sl o e S e

1. (a) 2. (b) 3. (d) 4. (a) 5. (c)
6. (a) 7. (b) 8. (b) 9. (c) 10. (b)
11. (b) 12. {a) 13. {d) 14. (d) 15. {c)

16. (c) 17. (b) 18. (a) 19. (d) 20. {c)

21. (d) 22. (c) 23. (a) 24. (a) 25, (¢)

26. (c) 27. (c) 28. (b) 29. (c) 30. (d)

3l (d) 32. (¢)
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T e e N O N O N N

SOLVED

EXERCISE

o e o L i o e L

Q.1 “ill in the blanks:

(i) The term aromatic was derived from Greek word ————— meaning

(ii) Aromatic hydrocarbons mclude benzene and all those compounds which are

related to benzene.

(iii) 15 recognized as the simplest member of the class of aromatic
hydrocarbons.

(iv)  Benzene has ——— structure,

(v) These removal hydrogen atom from aromatic hvdrocarbons gives a radical. The
radicals 1s called

(vi)  Benzene was discovered by Michael Faradav in

(vii) The unhybridized 2p, orbitals in benzene partially overlap to fooma ——of
electron cloud.

(viii) The introduction of halogen group in benzene ring is called

(ix)  The molecular formula of CsHy indicates that it 1s highly ———— compound.

(x) On oxidation in the presence of V205 benzene gives

i e A A B AR
(i) aroma, fragrant (ii) structurally (iii) benzene

(iv) cyclic hexagonal (v) aryl (phenyl) {vi) 1825

{vii) sheath (viii) halogenation {ix) unsaturated

(x) maleic anhydride

Q.2  Indicate True or False:

(i) Benzene i1s more reactive than alkene and less reactive than alkane.

(i) Benzene has a pentagonal structure.

(itli)  The C—C bond length in benzene molecule is 1.397 A.
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(iv)  The state of hybridization of carbon in benzene molecule is sp’.

(v) There are six sigma bonds in benzene molecule.

(vi)  Halogenonium ion produced in electrophilic substitution reactions 1s a powertul
electrophile.

(vii)  In electrophilic substitution reactions. addition products are favourable.
(viii) Sulphonation is carried out when benzene is heated with conc. HNO ¢,
(ix)  Inozonolysis benzene directly gives glyoxal.

(x) Benzene has five resonance contributing structures,

dlNSWers

e A N D B D R A A LT R

(i) False (ii) False (iii) True (iv) False (v) False

(vi) True (vii) False (viii) False (ix) False (x) True

Q.3 Multiple choice questions. Encircle the correct answer:

(i) The benzene molecule contains:

(a) Three double bonds (b) Two double bonds

(¢) One double bond (d) Delocalized n-electron charge
(ii) Aromatic hvdrocarbons are the derivatives of:

(a) Normal series of paratting (b) Alkene

{c) Benzene (d) Cvclohexane

(iii)  Which of the following acid can be used as a catalyst in Friedel-Crafts

reactions:
(a) AICT (b) HNO;
{c) Bell: (dy NaCl
(iv)  Benzene cannot undergo:
{a) Substitution reactions (b)  Addition reactions
{c) Oxidation reactions (d) Elmination reactions
(v) Amongst the following the compound that can be most readily sulphonated is:
{a) Toluene (b) Benzene
{c) Nitrobenzene (dy Chlorobenzene

(vi)  During nitration of benzene, the active nitrating agent is:
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(a) NO; (b)y NO,
(c) NO: (d) HNO:
(vii)  Which compound is the most reactive one:
(a) Beneene (b) Ethene
(¢) Ethane (d) Ethyne
(viii) The electrophile in aromatic sulphonation is:
(a) H:50, (b) HSO:
(€) SO: (d) SO;
(ix)  Aromatic compounds burn with sooty flame because:
(a) They have high percentage of hydrogen
(b) They have a ring structure
(¢) They have high percentage of carbon
(d) They resist reaction with air
(x)  The conversion of n-hexane into benzene by heating in the presence of Pt is
called:
(a) Tsomerization (b) Aromatization
(¢) Decalkylation (d) Rearrangement
dNSWers
(i) (d) (ii) (¢) (iii) (a) (iv) (d) (v) ()
(vi) (b) (vii) (b) (viii) (c) (ix) (c) (x) (b)
Q.4  What are aromatic hydrocarbons? How are they classified?

Aromatic Hydrocarbons: Among hydrocarbons, the compounds having at least
one ring ol benzene is called aromatic compounds. e.g., toluene.

Classification see in text book.
What happens when:
(a) Benzene is heated with cone. H.S04 at 250°C,

(b) Chlorine is passed through benzene in sunlight.
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(¢) A mixture of benzene vapours and air are passed over heated vandaium
pentoxide.

(d) Benzene is burnt in free supply of air.

(a) S0H
@ -HS0, —2E | FHO
SOH SOH
C
@ S0, e - H.O
SOH
SO,H
Q H.S0, —2F +HO
SOH SO.H SO H
Cl H
Suntich H Cl
@ +301, 22 CHCL or §i &
Cl [
H I
Hexachloro benzence
0
|
V.0, HC —C
(c) T ——%d || 0 +4C0. +4H.0
HC —C~
|
0

(d) 2CeHe + 150 —— 12C0:2 + 6H:0
Q.6 What is meant by the terms:
(i)  Aromatic (if) Oxidation (iii) Sulphonation
(iv) Nitration (v) Halogenation
For definitions, consult text book.
Q.7 (a) Draw structural formulas for the following compounds:
(i) m-chlorobenzoic acid (ii) p-hydroxybenzoic acid

(iii) o-bromonitrobenzene (iv) o-cthyltoluene
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(v) p-nitroaniline (vi) 2,4, 6 trinitrotoluene
(vii) m-nitrophenol (viii) p~dibenzylbenzene
(ix) 2-amino-5-bromo-3 nitrobenzenesulphonic acid
(b) Give names and the possible isomeric structures of the following:
(i) Xylenes (ii) Trimethvlbenzene

(iii) Bromonitrotoluene

(a)

COOH
(i) m-chlorobenzoic acid
Cl
COOH
(ii) p-hydroxybenzoic acid
OH
NO.
. Br
(iii)  o-bromonitrobenzene
CH,
C.H
(iv)  o-cthyltoluene
N A
(v) p-nitroaniline
N
CH.
INC), NQ,

(vi) 2.4, 6-trinitrotoluenc

NO,
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{vii)

(viii)

(ix)

(b)
(i)

(ii)

(iii)

Q.8

OH

m-nitrophenol @\
NO.

p-dibenzylbenzene @— ‘@‘@

SO
2-amino-5 bromo-3-nitro NH,
benzenesulphonic acid
Br NO,
Xylenes:
CH, CH, ¢H,
J" QA
CH,
€H,
o-xylene m-xylene p-xylene
Trimethylbenzene:
CH, CH, CH,
i i CH, CH,
CH, CH, CH,
CH,
Bromonitrotoluene:
CH. CH, CH,
©: Br i NO,
NO, Br NO,
Br
Write IUPAC names of the following molecules.
CHO CH.CH, OH
CH, CH, Br Br I
(a) (b) (c)

Br CH, <l
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4-bromo-2, 6-dimethyl] benzaldehyde
{(b)  3-bromo-4-ethyl toluene
{c) 6-bromo-4-chloro-2-iodophenol
Q.9 Give the general mechanism of the electrophilic aromatic substitution reactions.
M Descriptive question. Consult text book.
Q.10 (a) Describe the structure of benzene on the basis of following:
(i)  Atomic orbital treatment (i) Resonance method

(b) Prove that benzene has a cvelic structure.
Descriptive questions. Consult text book for details.
Q.11 Predict the major products of bromination of the following compounds:
(a) Toluene (b) Nitrobenzene (¢) Bromobenzene
(d) Benzoic acid (e) Benzaldehyde (i  Phenol

| Ans.|
CH. CH,

@ 2Br. Febr, @ @ + HBr
reb> rel>
@ 46'* | R
| 233

bt
Br Br Br
@ Fet @r“f
t Br, > + + HBr
Br
<O 1 O 1

(d) @ —-!--ﬁaﬂ@ IR
=

1l paherxenax
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<> D>
@) @ |mi@ TR
I
1 ook diwx
OH OH
Br Br
0 + 3Br. » + 3JHBr
Br

2. 4. G-tribromophenol
().12  How will you prepare the following compounds from benzene in two steps:

(a) m-chloronitrobenzene (b) p-chloronitrobenzene

(a) Benzene —— m-chloronitrobenzene
Steps Involved:

(i) Nitration:

<>
@ T @ S
= >

(i) Chlorination:

<[

(b) Benzene ——— p-chloronitrobenzene

<a-
(i) @ er= 9 C] —
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Cl Cl

_Hso, O,
(i) F 2HNO, —— v + 2H,0

NO,

Q.13 Complete the following reactions. Also mention the conditions needed to
carry out these reactions.

+ HOH —

30. 1-_|F.5u1,_§

o
O
@ e s
o]
Q-

]
) vo, HC—Cy |
(i) 2 0, == 2 O +4C0, +4H,0
HC _ﬁ;l g {maleic anhydnde)
(@)

<i >

(i) @ e ﬂ@
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SOH

By A (boil
(iv) + HO = o @ +  H.SO,

SO.H

' S0
b @ 80, = + H,S0,

Q.14 Detail out three reactions in which benzene behaves as if it is a saturated

hydrecarbon and three reactions in which it behaves as if it is unsaturated.

| Benzene as Saturated Hydrocarbon: In following reactions benzene behaves as
a saturated hydrocarbon.
(i) Halogenation: Benzene reacts with Cl: in the presence of FeClh o give
chlorobenzene. A hydrogen atom of benzene is replaced by a halogen atom so,
gives a substitution products.
Cl

5 FeCl 1 -

Reaction: +Cl-Cl —= + HCl

(ii) Nitration: Benzene reacts with concentrated nitric acid in the presence of conc.
H>50; to give a substitution product nitrobenzene.

o 1150 NO,
Reaction: +H - 0-NO, M} + H.O
' 60 C :

(iii)  Sulphonation: Benzene reacts with conc. H>S04 at 80°C 1o give a

80°C S
Reaction: @ +H-0-80H » ®/ +H.O

Benzene as Unsaturated Hydrocarbon:

(i) Hydrogenation: Benzene adds three molecules of hydrogen in the presence of Ni
at 250°C gives addition product cyclohexane.

ﬁ_@a&_ﬂﬂ@

(ii)  Chlorination: Benzene adds three molecules of Cly in the presence of sunlight
and gives addition product hexachlorobenzene.
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Cl

e Cl Cl
Reaction: @ + 30 Sunlight
Cl Cl

Cl

(iii) Ozonolysis: Benzene adds three molecules of ozone and give benzene triozonide
which 1s an addition product.

8]

|
mo, S=H

Reaction: CiHs+ 307 —— CiHeOy ——— | + Zn0

Zn -

C-H

|

O

Q.15 What are Frediel-Crafts reactions? Give mechanism with example of the
following reactions:
(i) Friedel-Crafts alkvlation reactions
(ii) Friedel-Crafts acylation reactions

| Ans.|
Friedel-Crafts Alkylation:

<Kl
Q) am () e

Mechanism:

CHiCl+ A€l ——3 AICL+CH:

_ CH, CH.
@ + CH, > H i W U
)

(Strong electrophile (Toluene)
Friedel-Craft’s Acylation:

-:lzr

|

"h} _ C-CH,

@ + CH~C-C1 A, @/ - HCI
(Acetophenone)

Mechanism:
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O 0]
|

CH:—C-Cl + AICl; —— AICI_} + CH3—C"

0ol — g

@r‘
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1. Benzene was discovered by Michael Faraday in 1825,

7. Benzene was tound m coal tar in 1845 by Hoftmann.

3. Vinyl benzene 1s called styrene,

4. Isopropyl benzene is called cumene.

5. Methyl phenyl ether is called anisole.

o (-methyl phenol s called O-cresol.

7. p-xylene on oxidation form tere-phthalic acid

8. Mixture of HNO: and H-SOy used for nitration of benzene i1s called nitrating
mixture.

9. Benzene has regular cyclic hexagonal structure.

10.  Benzene on oxidation m the presence of V20s forms maleic anhydride,
11. Henzene on ozonolysis forms glvoxal and finally oxalic acid.

12. The substitution of hydrogen atom of benzene by the alkyl radical (R) 1s called
alkylation,

[ O

13. When the hydrogen atom ol benzene 1s substituted by the acyl group \R - € —/in
the presence of AICK it 15 called "acylation".

14.  Naphthalene is also called “moth balls™,

15. The C—C bond distance in benzene is 1.397 A°.
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SHORT QUESTIONS

Aromatic compounds burn with sooty flame, why?

Aromatic compounds have high percentage of carbon as compared to hydrogen.
Aromatic compounds containing six carbon atoms have six hydrogen in 1t but the
aliphatic compounds with six carbon atoms have fourteen hydrogen atoms aromatic
compounds due to greater percentage of carbon, do not burn properly and give soot or
smoke of carbon.

What is meant by aromatic compounds?

The term aromatic was derived from the Greek word "aroma” meanmg "fragrant” usually
the compounds containing six membered benzene ring are called aromatic compound
e.g., phenol, toluene, benzene, naphthalene, ctc.

Benzene usually undergoes electrophilic substitution reaction and not addition
reactions, why?

In benzene ring. delocalized Pi-electrons are present in the form of sheath. This sheath of
electrons above and below the carbon plane can be donated to the substance, which is
electron deficient. During electrophilic substitution reactions, the aromaticity of ring
remains as such. In addition reaction of bezene 1t changes to a non-aromatic compounds.

E
Qe
I E
H,pg O/ + BH (Electrophilic substitution)

Benzene is less reactive than alkanes, why?

In benzene ring, delocalized Pi-electrons are present m the form ol sheath above and
below the carbon plane. In case of ethene, localized Pi-electron cloud is present.
Delocalized cloud of clectrons is more stable as compared to localized cloud. Some
energy is required to break the delocalization of electronic cloud called resonance energy.
Due to this resonance stability benzene is less reactive than alkene.

Give two reactions of benzene in which it behaves as saturated hydrocarbon.

(i) Benzene reacts with chlorine in the presence of Fe to form chlorobenzene.

< -
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(i) Benzene reacts with nitric acid in the presence of sulphuric acid to form
nilrobenzene.

e =S

What product will be formed when benzene reacts with chlorine (i) in the presence
of sunlight (ii) in the presence of Fe catalyst?

Benzene in the presence of sunlight undergoes addition reaction and form hexachloride.
r

oa Ak _a
@ S ¥
]

a-

In the presence of Fe benzene undergoes electrophilic substitution.

Why benzene is given a cyclie structure?

Benzene given a cyclic structure due to following reasons:
(1) It has one mono substitution product.

(i1} It has three di-substitution products.

(iii) It can add three molecules of chlorine and three molecules of hydrogen. It means it
has three double bonds.

Above observation indicates that it has cyclic structure.

Bond length of C-C in benzene is intermediate between single and double bonds,
explain it.

X-rays analysis has shown that C-C bond length in benzene lies in between double and
single bond. C-C double bond of benzene have intermediate properties of single and
double bond.

(i) Inalkane C-C bond length is 1.54 A,
(i) Inalkene C=C bond length 1s 1.34 A
(iii) In benzene C-C bond length is 1.397 A,

What products are formed by the oxidation of toluene and ethylbenzene in the
presence of strong oxidizing agent?

In the presence of acidified KMnOu side chain of benzene oxidized to ~COOH group
irrespective to the number of carbon atoms in side chain,



KMn(), +

CH, T COOH
@ b 3[0] ——— O/ FH.O

C.H. COOH

KMnO),
+6[ 0] — +CO, + 2H,0

Q.10 Halogens are more electronegative than carbon but halobenzenes have electron-
donating effect, why?

Ans.  According to electronegativity of halogens they should have electron withdrawing effect
and meta directors. In actual practice, they have electron donating effect and ortho-para-
directors due to resonance factor. Lone pairs present at halogen atom increases the
electron density of benzene ring and activate the ring.



