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TOPIC 1: MOLECULAR ORBITAL THEORY OF BENZENE
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DELOCILAIZED ELECTRONS
AROMATICITY
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O
MO Theory

!

Molecular Orbitals

Core principles of

Types and formation of
chemical bonding

orbitals

MO Diagrams

Visual representation of
orbital energy levels

Key Concepts

Bond order, HOMO-
LUMO gap

Understanding
molecular properties
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HE ELECTRON ORBITAL VIE

LIMITATION 1* LIMITATION 2: M BOND LENGTHS ENHANCED STAH

ALL C—C BONDS INXEXECTED STABILITY —— (AROMATICI

IDENTAUL TIAL (AROMATICITY) shared equally acress O Lower energy due
$ pss all 6 carbons delomizatio

MORE ADVANCED EXPLANATION REQUIRED A CLOUD OF ELECTRONS
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VALENCY ELECTRONS
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MOUECULIAR ORBITAL
(MO) THEORY

' 17 ELECTRONS ARE - 7 ELECTRONS ARE
DELACLLAZED OVER DELOLICATED OVER

ENTIRE RING THE ENTIRE RING

BONDS ARE LOCALIAZED
BETWEEN TWO ATOMS

1

CANNOT EXPLAIN : .. : EXPLAINS -
EQUAL BOND LENGTTS UNIFORM BOND LENGTHS

l l

CANNOT EXFPLAIN: EXPLAINS:
EXCEFPTIONAL STABILITY INCREASE BOND STABILITY,

THE CONTINUOUS BONDING SYSTEM STABILES STABLIZES
MOLECUUE
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HYBRIDIZATION OF CARBON ATOMS

HYBRIDIZATION OF CARBON ATOMS

Unhyribized 2p? orbtal
(perpecuuliter to ring)

Three sp? orittals
form c bonds
(C—C and-H)

Each carbon atom in benzene is sp?
hybraized

These six p orbrials form the g electron system.
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FORMATION OF THEIT SYSTEM
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NUMBER OF MOLECULAR ORBITALS -
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antibonding

rnolecular orbitals

Energy

Si¥ 2p
atoric arbitals

bonding
rmolecular arbitals

N

SIX T
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Energy Level Diagram

t Molecular of Benzene

zt Molecular Orbitals of Ben%e by

lﬁ :

‘ Bonding Orbitals (w1,23)

Lower energy, Stalitizing

2

Antiboing Orbtals (w1,2)
Higher * Destabtaizing

- ""-—V-"s* \

Antibonding MOs
2+ nodal.planes

%

wa* t

- -
WD e

w2

w3

w3

w
0 nodal planes
1 nodal plare each
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DEGENERACY INMOS €
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DEGENERACY IN MOs
in 7t Moleculal Orbitals

7t Molecular of Benzene
Degeneraciy Eiplained

T e
‘ w2 and3
b, energy

--.%-’-."

rerate Bonding Orbitals
One nodal plane each

-

MOs ——

Non-bonding energy i
]~ ) —s w4 and w3 have
w2 ¥ — . same energy

/4 ®.
‘ﬁ. % ™ i
s (e

'Degnerate Antibonding Orbitals

0 nodal planes
1 nodal plare each Two nodal plane each

This symmeriy arises from benzene's regular hexorragan structure.
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FILLING OF ELECTRONS IN BENZENE
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Filling of Electrons: Benzene’s 7zt System

6 7t Electrons
(one from each
C atom) fill bonding MOS

w2 and
energy

MOs — - . .,’ w{"-

Non-bonding energy ‘ ' e o : s

w2

This configuration leads to
Exceptional Therodemic Stability

0O nodal planes
1 nodal plare each

According an Aufcaub principle, bonding orbrtald, antrebing remain empty.
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Phase and Nodal Planes

Bonding Molecular Orbitals

All overalaping p orbtals have the same phase

Constructive overlap
the same phase

Antibonding Orbitals

Nodal planes
(Zero electron density)

T

1 Nodal! Plane
(w2, w §a3)

Strong bonding (Lower Energy)

2 Nodal Plane
(wa*” woea*)

A CLOUD OF ELECTRONS
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HUCKEL’S RULE O ¢ o
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Huckel’'s Rule

Huckel’'s Rule . . Benzene:

éﬁt Electrons
= (4=<1+2 =6

Y= Or 2- - } * n-= 1
Satisfies the Rul

4an +2)n electrons

Thus, benzene qualifies as a classic aromatic
aromatic compound.

Aromaticity: The (41n+2) z Electron Rule
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EXPERIMENTAL EVIDENCES

Experimental Evidence

X-ray Diffarction

c//c\r

E—
o

Equal C—-C Bond Lengths

UV/IR Speotrorargy

Translt-ions
Consistent with
Deloxaazel n Electrons

!

'

BN i

-
Magnetic Susccpuinte

[\

.‘QCU rrent (£
C /

>

«” Clear Evidence of
Aromaicity

These experiments confirm

benzene's delousazed structure and

exceptional stability.
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VISUALISATION OF PI ELECTRONIC CLOUD
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Visualzation of 7z Cloud

"

k Symmetical Distribution

of Electron Density

Uniform Electric Field
O —> Low Reactivity to
Addition Reactions

-

A torofad (doughut-like) electron cloud
above and bood the carbon ring.
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REACTIVITY OF BENZENE
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Reativity of BEenzene

Addition Reactions Electrepihlic Substtution
(Resisted) Reactions (freferred)

t ’

S

ey

Disrvpls Aromaicity Maintains Aramaicity
& Stability Stability & Stability

Common Examples:;
1. Sulfonation
2. Halogenation
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DELOCALISATION IN SUBSTITUTED BENZENE 2
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Benzene
VS.

| | |

N N N
Ge/..\Ge Ge/..\Ge Ge4’ \Ge
i? A\ — rL .'N _— 'L. .N —~

£ \ o o
H/ \Ge/ \H H/ \Ge/ \H H/ \Ge/ \H
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Molecular Orbital Theory Concepts

Behavior in magnetic
fields

Strength and length of
bonds

Orbitals for reactivity
and transitions

Electron distribution in
MOs

Determine molecule's
characteristics

Bond Order

HOMO and LUMO

Electronic
Configuration

Molecular
Properties
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ASSESMENTS

How many nodal planes ae prasent n @ach of the folowing oritals?
{no! counting the paane of the ring cutting through each p-orbital)
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Explain the molecular orbital picture of Benzene
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