
Chapter 3

Molecular Orbital Theory



✓ Molecular orbital theory has become a powerful method for studying the electronic 

structure of molecules, illuminating many areas of chemistry. 

✓ In molecular orbital (Mo) theory, valence electrons are delocalized over the entire 

molecule, not confined to individual atoms or bonds.

✓ Molecular orbitals (wavefunctions) arise from the adding together (superimposition) 

atomic orbitals or wavefunctions.

✓ A Linear Commination of Atomic orbitals (LCAO) creates molecular orbitals (bonding 

and antibonding orbitals).

✓ Molecular orbitals can be constructed by 𝑵 atomic orbitals.

Approximate Molecular Orbital Theory



✓ Bonding orbitals result from a linear combination of atomic orbitals (LCAO) (constructive 

interference).

1𝑠𝑎 1𝑠𝑏 a b

𝜎1𝑠

Atomic orbitals Molecular orbital

𝜎1𝑠 Cylindrically symmetric about the bond axis.

 No nodal plane along the bond axis.

1𝑆𝑎+1𝑆𝑏= 𝜎1𝑠 Bonding molecular orbital (MO).



1𝑆𝑎+1𝑆𝑏=𝜎1𝑠 bonding MO and a wavefunction

✓ When waves interfere constructively, the amplitude increases where they overlap. 

✓ Increased amplitude in the internuclear region translates to an  enhanced probability 

density (Ѱ2) between nuclei.

✓ An electron in bonding Mo will be attracted to both nuclei. And will be lower in

energy compared to an atomic orbital for a single nuclei.



Fill in the blank 

An electron in a bonding MO will be attracted to both nuclei, and will

be…………………..compared to an atomic orbital for a single nuclei.

1. Higher in energy

2. No different in energy

3. Lower in energy.



E

1sa

𝜎1𝑠

1sb

atomic orbital 

on  atom a

atomic orbital 

on  atom b

Energy of interaction 

✓ The energy of a bonding orbital is decreased compared to the atomic orbitals.

✓ For H2, when its two electrons both occupy bonding orbital, the molecule is more 

stable.



✓ Antibonding orbitals arise from a linear combination of atomic orbitals (LCAO, 

destructive interference).

1𝑠𝑎 1𝑠𝑏 a b

𝜎1𝑠
∗

1𝑆𝑎 − 1𝑆𝑏= 𝜎1𝑠
∗    antibonding molecular orbital



1𝑆𝑎 − 1𝑆𝑏=𝜎1𝑠
∗   The antibonding molecular orbital.

✓ When wavefunctions interfere destructively, the amplitude decreases where they 

overlap.

✓ Decreased amplitude translates to a diminished probability density betweeen the 

nuclei and a node between the two nuclei.



✓The energy of an anti-bonding orbital is increased compared to atomic orbitals.

1sb

𝜎1𝑠

𝜎1𝑠
∗

1sa

Atomic orbital on 
atom a

Atomic orbital on 
atom  b

E

Antibonding  orbital

Bonding orbital

✓ The antibonding orbital is raised in E by amount as the bonding orbital is lowered.

Two atomic orbitals generate two MO one is bonding (Lower E) and one is antibonding 

(higher E). 



E

1sa 1sb

𝜎1𝑠
∗

𝜎1𝑠

Molecular hydrogen, 𝐻2: (𝝈𝟏𝒔)
𝟐

Electronic configuration of 𝐻2: (𝝈𝟏𝒔)
𝟐



E

1sa 1sb

𝜎1𝑠
∗

(𝝈𝟏𝒔)
𝟐

E

1sa 1sb

𝜎1𝑠
∗

𝜎1𝑠

E

1sa 1sb

𝜎1𝑠
∗

𝜎1𝑠

E

1sa 1sb

𝜎1𝑠
∗

𝜎1𝑠

1.

2.

3.

4.

(𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐
(𝝈𝟏𝒔)

𝟐(σ𝟏𝒔
∗ )𝟐

(𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐

✓ Pick the correct answer for the MO diagram of 𝑯𝒆𝟐



E

1sa 1sb

𝜎1𝑠
∗

𝜎1𝑠

Molecular orbital of 𝑯𝒆𝟐

Electron configuration of 𝑯𝒆𝟐 : (𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐



✓ Molecular orbital theory predicts that 𝑯𝒆𝟐 does not exist.

Bond order = 
𝟏

𝟐
[𝒏bonding electrons − 𝒏𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑖𝑛𝑔 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠]

Example: For He2;  𝐵.𝑂 =
1

2
( 2 − 2) = 0 no bond, the molecule does not exist (helium 

is a monatomic gas).

Molecule or ion Electronic configuration Bind order

He2 (𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐 0

He2
+ (2-1)1/2 (𝝈𝟏𝒔)

𝟐(σ𝟏𝒔
∗ )𝟏 0,5

H2 (2-0)1/2 (𝝈𝟏𝒔)
𝟐 1

H2+ (1-0)1/2 (𝝈𝟏𝒔)
𝟏 0,5

Li2 (4-2)1/2 𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐(𝝈𝟏𝒔)
𝟐 1



✓ The MOs formed by LCAO for 2s orbitals are analogous to those formed by1s.

E
𝜎2𝑠
∗

𝜎2𝑠

𝜎1𝑠
∗

𝜎1𝑠

𝑳𝒊𝟐

Li Li

2s 2s

Electronic configurations:

(𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐(𝝈𝟐𝒔)
𝟐

B.O=
1

2
( 4-2)=1

1s 1s



E
𝜎2𝑠
∗

𝜎2𝑠

𝜎1𝑠
∗

𝜎1𝑠

𝑩𝒆𝟐

2s 2s

Electronic configurations for 𝑩𝒆𝟐: (𝝈𝟏𝒔)
𝟐(σ𝟏𝒔

∗ )𝟐(𝝈𝟐𝒔)
𝟐

(σ𝟐𝒔
∗ )𝟐

Fo all electrons 

B.O=
1

2
( 4-4)=0

Be Be

Or for valence electrons

B.O=
1

2
( 2-2)=0

∆𝑬𝒅𝒊𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒐𝒏=9 KJ/MOL

1s 1s



An axial overlap forms 

an orbital 𝜎𝑧

Two side overlaps 

(2px, 2py) form two 
𝜋 orbitals

x

y

z

x

y

z
𝜎𝑧

𝜋𝑥

𝜋𝑦

𝜋𝑦

𝜋𝑥

2Px, 2Py and 2Pz 
orbitals

2Px, 2Py and 2Pz 
orbitals

▪ Mononuclear diatomic molecules with MO originating from s and p orbitals



✓ Bonding orbitals formed by LCAO of 2px and 2py via constructive interference.

+ ≡

+ +

- - - -

++

p
Nodal plane  

(symmetry)

𝟐𝒑𝒙𝒂 𝟐𝒑𝒚𝒃 𝝅𝟐𝒑𝒙

𝟐𝒑𝒚𝒂 𝟐𝒑𝒚𝒃 𝝅𝟐𝒑𝒚

ou ou

Interference increases probability density

𝝅-orbital: molecular orbital (MO) resulting from the lateral overlap of two p orbitals 

with a nodal plane passing through the bond axis.



✓ Antibonding orbitals formed by LCAO of 2Px and 2Py via destructive interference.

Nodal planes

-

+ +

- -

Bond axis

𝟐𝒑𝒙𝒂 𝟐𝒑𝒚𝒂 𝝅𝟐𝒑𝒙
∗

𝟐𝒑𝒚𝒂 𝟐𝒑𝒚𝒃 𝝅𝟐𝒑𝒚
∗

or or
-

-

✓ The two p orbitals interact negatively with each other and this generates a nodal 

plane between the molecules (the phase must change).



𝐵2 valence electron configuration: 

B. 𝑶 =
𝟏 𝟒−𝟐 =𝟏

𝟐

B B

E

2𝑝𝑧2𝑝𝑦2𝑝𝑥 2𝑝𝑥2𝑝𝑧 2𝑝𝑦

𝜋2𝑝𝑥 𝜋2𝑝𝑦

𝜋2𝑝𝑥
∗ 𝜋2𝑝𝑦

∗

𝜎2𝑠
∗

𝜎2𝑠

2𝑠 2𝑠

(𝝈𝟐𝒔)
𝟐(σ𝟐𝒔

∗ )𝟐(𝜋2𝑝𝑥
∗ 𝜋2𝑝𝑌

∗



Binding orbitals formed by LCAO of 2Pz

-

+ +

𝟐𝒑𝒛𝒂 𝟐𝒑𝒛𝒃 𝜎2𝑝𝑧

✓ 𝜎: Cylindrically symmetric with no nodal plane along the link axis, nodes pass through the nuclei, but 

no nodes along the bond axis.

✓ Constructive interference. 



Anti-bonding orbitals formed by 2Pz LCAO

Nodal plane

-

+ -

𝟐𝒑𝒛𝒂 𝟐𝒑𝒛𝒃 𝜎2𝑝𝑧
∗

𝜎: cylindrically symmetric with no nodal plane about the bond axis  nodes pass pass through 

and between the nuclei, but not along the bond axis.

✓ Destructive interference.



▪ Principles of Chemical Science catherine drennan Lecture 13: Molecular orbital Theory.

Reference


	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22

