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STRUCTURE OF BENZENE

Benzene : CH,
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" Structure & Reaction o
Initial Properties Mechanisms Applications Deep _
Knowledge P _ Understanding
: L earn Grasp benzene's ~ Appreciate benzene's _
Basic benzene's reaction diverse applications Comprehensive
understanding of mechanisms knowledge of
benzene structure_and benzene
properties
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Unveiling Benzene's True Form

Open Chain Rejection
K

Open chain structure rejected due to
instability.

‘ Kekulé Structure

Kekulé structure proposed alternating
double bonds.

Benzene Structure
0,0 Resonance Hybrid

® Resonance hybrid explains equal bond
lengths.

@ Delocalized Electrons

Delocalized electrons contribute to
stability and reactivity.
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ELECTROPHILIC AROMATIC SUBSTITUTION OF BENZENE
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Stability
/ S ensures remarkable
molecular stability.
l::l 2 Electrophilic Attack
o o Ly,
Benzene's M Benzene is susceptible to
Aromaticity electrophilic attack.
Substitution
Reactions
o Hs R T—
substitution to preserve
aromalticity.

Made with B Naplar
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Since benzene has 6 pi electrons:

4n+2=6
Find n: An aromatic compound
follows Huckel’s rule if

Benzene Naphthalene Anthracene dn+2=6  [nkequaltozeroora

4n=6-2 positive whole number.
n=1 NnN=2 n=3 4n=4
(4x1+2)=6n (4x2+2)=10m (4x3+2)=14n n=1%—"""""| Benzene is aromatic
Electrons Electrons Electrons

KEKULE’S DISCOVERY CYCLE-BENZENE

Dream Vision

Scientific

Acceptance \

Structure

\ Cyclic
/

Alternating
Bonds
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NOD Aramatic
Compoaunas
Wiolecukes thatdo
not meet Huckel's
critaria and have
typical stability
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HUCKEL’S RULE OF AROMATICITY

Hiickel's Rule Outcomes

Antiaromatic
Compounds
Molecules that
vindate Hivkels
criteria and are
nighly unstable

Aromatic
Compounds
Molecules that
meat Huckel's
critana and exhibn
high =1abiday
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Understanding n Electron Contributions

Charged Atoms

Negatively
charged carbons
contribute 2 m
electrons, while
positively
charged carbons
contribute none.
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Lone Pairs

Lone pairs
contribute if in
p-orbitals and

part of the

conjugated
system.

Double Bonds

Each double
bond
contributes 2
electrons.




ELECTROPHILIC AROMATIC SUBSTITUTION

Unveiling Benzene's Electrophilic Substitution
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Mechanism of Electrophilic Aromatic Substitution of Benzene

H E &
+E@%©/+ H

Benzene Electrophile Substituted benzene Hydron

Step 1: Electrophilic attack on a pi bond of benzene by an electrophile
to form a carbocation

i =

Benzene Electrophile Carbocation

Step 2: Deprotonation of the carbocation to restore its aromacity,
resulting in a substituted product

Carbocation Lewis base Substituted benzene
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ELECTROPHILIC AROMATIC SUBSTITUTION
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AES is the characteristic reaction of benzene,
preserving its high aromatic stability. Electrophilic Aromatic Substitution

The mechanism proceeds in two steps: (1) Attack by E+
to form the o-complex (slow) and (2) Loss of H+ to Deprotonation
restore aromaticity (fast).

The o-complex (arenium ion) is a resonance-stabilized Arenium Ion (\
. . Formation )
but non-aromatic intermediate.

Key reactions include Nitration, Halogenation, m-Complex :ﬁr‘
Sulfonation, and Friedel-Crafts (Alkylation and Formation
Acylation).

_ _ _ Electrophile
AES reactions are the primary tools used by organic Formation —

chemists to build complex molecules upon the benzene
backbone.
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FecCl, Cl
Cl, ——— ©’ + HCI

Chlorine Chlorobenzene Hydrogen
chloride

H_ SO, NO,
HNO, e ©/ - H_ O

Nitric acid Nitrobenzene Water
i SO_H
+ SO, s
Benzene Sulfur Benzenesulfonic acid
trioxide
AlCH, CH3
CH _CI — + HCI
Methyl Toulene
chloride '®
11
o AlCH, C—CH,
I —_— 5 > HCI

CH —C—ClI

Acetyl chloride Acetophenone
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ELECTROPHILIC AROMATIC SUBSTITUTION

LTIy TIons
WWW.SNSEroups.com

transition state

Step 1 transition state

Energy

intermeduate
o = @

Reaction coordinate
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DELOCALISATION OF ELECTRONS

C=C sp2 carbons

t bond trigonal planar geometry
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DELOCALISATION OF ELECTRONS nsoun o

Equivalent carbon-carbon bonds: All carbon-carbon bonds in benzene have identical lengths,

e

—Delocalized electrons: The six electrons involved in the hypothetical double bonds are not
localized between specific carbon atoms but are spread out across the entire ring. This

delocalization is often represented by a circle within the hexagon.

Il H
ap .
-k nd
= a C C
ot . .30
a-bond - E E
: ( ) P — < H
= \ ) F H 6' 'e g~ M P, o e,
\ AZO / ﬁ l | ﬁ
20 -—}-—-— Y Benzene c P < p_
o «L 2 2O° % 1.00A Molecular formula H~ " == ™H R

LA Kekulé Structures
|5 4 11 (Resonance Forms)

".g - "‘ - - y.
meorbital o >
~ ——
g ;/ sp® Hyﬁ:lod'rz‘:sz:‘;’i?als delocalized pi . Benzene rlng.
P, - P, ~ 6 p,.orbitals system Simplified depiction
meorbital

10-11-2025 POC I BENZENEAND ITS PROPERTIES DR.B.GEETHA PROFESSOR SNSCPHS.




—

>

e

rurions
WWW.SNSEroups.com

P —0

Resonance structures of benzene

10-11-2025 POC I BENZENEAND ITS PROPERTIES DR.B.GEETHA PROFESSOR SNSCPHS.




-~

>

o

FIrurions

WWW.SNSEroups.com

Friedel-Crafts Acylation

O
g
0
/C\ (Lewis Acid :
H.C Cl Catalyst)
3
Acylating Aromatic Acyl group added to By-Product
Agent Compound aromatic compound by (Hydrochloric

(Acetyl Chloride)  (Benzene) Friedel-Crafts Acylation Acid)
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Intramolecular

Aromatic Substrates
Acylation
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CASE STUDY PUZZLE: THE MYSTERY OF THEAROMATIC COMPOUND
Scenario

You are a chemist at ChemSolve Labs, tasked with identifying an unknown aromatic compound and

solving a series of chemical mysteries.

Your team has received a sample labeled "Compound X," which is a derivative of benzene (CsHe).

Through analytical tests, you know it has a molecular formula of CsHsY, where Y is an unknown

substituent.

Additionally, the lab is investigating a set of reactions and compounds related to benzene derivatives used

in industry.

Solve the following puzzles to identify Compound X and address the lab's challenges
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* Puzzlel: Unravelingthe Structure of Benzene

* Your first task is to confirm that Compound X is derived from benzene. The lab provides the following clues about

benzene’s structure:

o Elementalanalysis confirms a C:H ratio of 1:1.
o The compound is unusually stable and does not undergo addition reactions like alkenes.
« Spectroscopic data show all C—C bonds are equal in length (1.39 A).

« It follows a rule for aromaticity involving (4n + 2) n-electrons.

* Questions:

1. Based on the clues, propose the structure of benzene and explain why it is stable compared to a hypothetical
cyclohexatriene.

2. What is Huckel’s rule, and how does it apply to benzene’s aromaticity? Calculate the number of n-electrons in benzene to
confirmits aromatic character.

3. Draw the orbital picture of benzene, describing the hybridization of carbon atoms and the nature of the n-system.
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Puzzle 2: Identifying Compound X Through Reactions

To identify the hstituen I Compound X (CsH ou perform a series of electrophili

aromatic substitution reactions on benzene and compare the products to Compound X:

o Reaction A: Benzene reacts with a mixture of HNOs and H.SO. at 50°C, yielding

nitrobenzene.
e Reaction B: Benzene reacts with Cl. in the presence of FeCls, forming chlorobenzene.

e Reaction C: Benzene reacts with CHsCOCI and AlCIs, producing acetophenone.
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*Organic Chemistry (by authors such as L. G. Wade or others) —
e.g., the chapter titled “Alkylation and Acylation of Aromatic
Rings: The Friedel-Crafts Reaction”

Friedel—-Crafts Reactions (RSC Books monograph, Chapter 10)




*Advances in Friedel-Crafts Acylation Reactions: Catalytic
and Green Processes by G. Sartori & R. Magg
*Khan Academy: Friedel-Crafts Acylation” — an

Instruction video with mechanism step by step.
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