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How define physical properties (Energy) of electron ?
Using eigen equation or  Q.M. Postulate 3 and 4

𝑝𝜑 = 𝑃𝜑

𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟

𝐻𝜑 = 𝐸𝜑

−
ℎ

2𝜋𝑖

𝜕

𝜕𝑟
𝜑 = 𝑃𝜑

𝐸 =
𝐻𝜑

𝜑

𝐸 = 𝐻
E= Energy of particle
H= Operator (Symbol)

መ𝐴𝜑 = 𝜆𝜑

H=
−ℎ2

8𝜋2𝑚

𝜕2

𝜕𝑥2 + 𝑉

To define Energy or any physical properties, Wave function must be.



How define Wave function for system ?

1.Variation Method

2. Perturbation Method

3. Self consistent field Method

4. Independent electron Method



1. Assumption of wave function

2. Calculation of Energy

3. Comparison of calculated energy with Ground state Energy/ZPE/Potential 

Energy(E0)

4. Selection of Wave function for system.

𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟

Ei = E0 ; than wave function is acceptable.



Assumption 
of wave 
function

Calculation 
of Energy

Comparison of 
calculated energy 
with Ground state 

Energy

E0  Ei then wave 
function does not 

acceptable

Change 
variable in 

wave function

𝜕𝐸

𝜕𝐶
≅ 0

𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟



Example :

𝐸0 =
ℎ2

8𝑚𝑎2

𝜑𝑥 = 𝑎𝑥

𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟

H=
−ℎ2

8𝜋2𝑚

𝜕2

𝜕𝑥2 + 𝑉

H=
−ℎ2

8𝜋2𝑚

𝜕2

𝜕𝑥2

𝐸𝑥 =

0׬

𝑎
𝑎𝑥

−ℎ2

8𝜋2𝑚
𝜕2

𝜕𝑥2 𝑎𝑥 𝑑𝑥

0׬

𝑎
𝑎2𝑥2 𝑑𝑥

𝐸𝑥 = 0 ≠  𝐸0

𝐸𝑥 = 0 ≠ 𝐸0 =
ℎ2

8𝑚𝑎2

𝜑𝑥 = 𝑎𝑥



𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟

𝜑𝑥 = 𝑎𝑥2

𝐸𝑥 =

0׬

𝑎
𝑎𝑥2 −ℎ2

8𝜋2𝑚
𝜕2

𝜕𝑥2 𝑎𝑥2 𝑑𝑥

0׬

𝑎
𝑎2𝑥4 𝑑𝑥

H=
−ℎ2

8𝜋2𝑚

𝜕2

𝜕𝑥2

𝐸𝑥 =

0׬

𝑎
𝑎𝑥2 −ℎ2

8𝜋2𝑚
 2𝑎 𝑑𝑥

0׬

𝑎
𝑎2𝑥4 𝑑𝑥

𝐸𝑥 =
−2ℎ2

8𝜋2𝑚

0׬

𝑎
𝑎2𝑥2 𝑑𝑥

0׬

𝑎
𝑎2𝑥4 𝑑𝑥

𝐸𝑥 = −0.04
ℎ2

8𝑚𝑎2

𝐸𝑥 ≪≪ 𝐸0 =
ℎ2

8𝑚𝑎2

𝜑𝑥 = 𝑎𝑥2



𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟

𝜑𝑥 = 𝑎𝑥 − 𝑥2

𝐸𝑥 =

0׬

𝑎
𝑎𝑥 − 𝑥2 −ℎ2

8𝜋2𝑚
𝜕2

𝜕𝑥2 𝑎𝑥 − 𝑥2 𝑑𝑥

0׬

𝑎
𝑎𝑥 − 𝑥2 2 𝑑𝑥

H=
−ℎ2

8𝜋2𝑚

𝜕2

𝜕𝑥2

𝐸𝑥 =

−ℎ2

8𝜋2𝑚
0׬

𝑎
𝑎𝑥 − 𝑥2 𝜕2

𝜕𝑥2 𝑎𝑥 − 𝑥2 𝑑𝑥

0׬

𝑎
𝑎2𝑥2 − 2𝑎𝑥3 + 𝑥4  𝑑𝑥

𝜑𝑥 = 𝑎𝑥 − 𝑥2



Application of Variation Method

Secular Equation & Secular Matrix 
To define the Energy for Polyatomic Molecules
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𝜕𝐸

𝜕𝐶
≅ 0



Wave function for Polyatomic Molecule by LCAO Method

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2Diatomic Molecule

Triatomic Molecule 𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2 + 𝐶3𝜑3

N-atomic Molecule 𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2 + 𝐶3𝜑3 + ⋯ … … . . +𝐶𝑛𝜑𝑛

Linear Combination of Atomic Orbitals



Define Energy for Diatomic Molecule

𝐸 =
׬ 𝐶1𝜑1 + 𝐶2𝜑2 𝐻 𝐶1𝜑1 + 𝐶2𝜑2 

׬ 𝐶1𝜑1 + 𝐶2𝜑2 2

𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟

𝐸 =
׬ 𝐶1𝜑1𝐻𝐶1𝜑1 + 𝐶1𝜑1 H𝐶2𝜑2 + 𝐶2𝜑1𝐻𝐶1𝜑1 + 𝐶2𝜑2𝐻𝐶2𝜑2 𝑑𝑟

׬ 𝐶1
2𝜑1

2 + 2 𝐶1𝜑1𝐶2𝜑2 + 𝐶2
2𝜑2

2 𝑑𝑟

𝐸 =
𝐶1

2 ׬ 𝜑1𝐻𝜑1 𝑑𝑟 + 𝐶1𝐶2 ׬ 𝜑1𝐻𝜑2 𝑑𝑟 + 𝐶1𝐶2 ׬ 𝜑2𝐻𝜑1 𝑑𝑟 + 𝐶2
2 ׬ 𝜑2𝐻𝜑2 𝑑𝑟

𝐶1
2 ׬ 𝜑1

2𝑑𝑟 + 2 𝐶1𝐶2 𝜑1𝜑2׬  𝑑𝑟 + 𝐶2
2 ׬ 𝜑2

2 𝑑𝑟

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2Diatomic Molecule



𝐸 =
𝐶1

2 ׬ 𝜑1𝐻𝜑1 𝑑𝑟 + 2𝐶1𝐶2 ׬ 𝜑1𝐻𝜑2 𝑑𝑟 + 𝐶2
2 ׬ 𝜑2𝐻𝜑2 𝑑𝑟

𝐶1
2 ׬ 𝜑1

2𝑑𝑟 + 2 𝐶1𝐶2 𝜑1𝜑2׬  𝑑𝑟 + 𝐶2
2 ׬ 𝜑2

2 𝑑𝑟 

H-Hermitian Operator, Than න 𝜑1𝐻𝜑2 𝑑𝑟 = න 𝜑2𝐻𝜑1 𝑑𝑟

Use Symbol for Integration function

න 𝝋𝟏𝑯𝝋𝟏 𝒅𝒓 = 𝑯𝟏𝟏

න 𝝋𝟏𝑯𝝋𝟐 𝒅𝒓 = න 𝝋𝟐𝑯𝝋𝟏 𝒅𝒓 = 𝑯𝟏𝟐

න 𝝋𝟏𝝋𝟏 𝒅𝒓 = 𝑺𝟏𝟏

න 𝝋𝟏𝝋𝟐 𝒅𝒓 = න 𝝋𝟐𝝋𝟏 𝒅𝒓 = 𝑺𝟏𝟐

𝐸 =
𝐶1

2𝐻11 + 2𝐶1𝐶2𝐻12 + 𝐶2
2𝐻22

𝐶1
2𝑆11 + 2𝐶1𝐶2𝑆12 + 𝐶2

2𝑆22

𝐸 =
𝐶1

2 ׬ 𝜑1𝐻𝜑1 𝑑𝑟 + 𝐶1𝐶2 ׬ 𝜑1𝐻𝜑2 𝑑𝑟 + 𝐶1𝐶2 ׬ 𝜑2𝐻𝜑1 𝑑𝑟 + 𝐶2
2 ׬ 𝜑2𝐻𝜑2 𝑑𝑟

𝐶1
2 ׬ 𝜑1

2𝑑𝑟 + 2 𝐶1𝐶2 𝜑1𝜑2׬  𝑑𝑟 + 𝐶2
2 ׬ 𝜑2

2 𝑑𝑟



Applying Variation Method

𝜕𝐸

𝜕𝐶1
=

𝜕𝐸

𝜕𝐶2
= 0

𝐸 =
𝑢

𝑣
𝐸 =

𝐶1
2𝐻11 + 2𝐶1𝐶2𝐻12 + 𝐶2

2𝐻22

𝐶1
2𝑆11 + 2𝐶1𝐶2𝑆12 + 𝐶2

2𝑆22

𝜕𝐸

𝜕𝐶1
=

𝑣
𝜕𝑢
𝜕𝐶1

− 𝑢
𝜕𝑣
𝜕𝐶1

𝑣2

𝜕𝑢

𝜕𝐶1
 = 2𝐶1𝐻11 + 2𝐶2𝐻12 + 0

𝜕𝑣

𝜕𝐶1
 = 2𝐶1𝑆11 + 2𝐶2𝑆12 + 0

𝜕𝐸

𝜕𝐶1
=

𝐶1
2𝑆11 + 2𝐶1𝐶2𝑆12 + 𝐶2

2𝑆22 2𝐶1𝐻11 + 2𝐶2𝐻12 − (𝐶1
2𝐻11 + 2𝐶1𝐶2𝐻12 + 𝐶2

2𝐻22)(2𝐶1𝑆11 + 2𝐶2𝑆12)

𝑣2

0= 𝐶1
2𝑆11 + 2𝐶1𝐶2𝑆12 + 𝐶2

2𝑆22 2𝐶1𝐻11 + 2𝐶2𝐻12 − (𝐶1
2𝐻11 + 2𝐶1𝐶2𝐻12 + 𝐶2

2𝐻22)(2𝐶1𝑆11 + 2𝐶2𝑆12)

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2



𝐶1
2𝑆11 + 2𝐶1𝐶2𝑆12 + 𝐶2

2𝑆22 2𝐶1𝐻11 + 2𝐶2𝐻12 = (𝐶1
2𝐻11 + 2𝐶1𝐶2𝐻12 + 𝐶2

2𝐻22)(2𝐶1𝑆11 + 2𝐶2𝑆12)

2𝐶1𝐻11 + 2𝐶2𝐻12 =
(𝐶1

2𝐻11 + 2𝐶1𝐶2𝐻12 + 𝐶2
2𝐻22)

𝐶1
2𝑆11 + 2𝐶1𝐶2𝑆12 + 𝐶2

2𝑆22

(2𝐶1𝑆11 + 2𝐶2𝑆12)

2𝐶1𝐻11 + 2𝐶2𝐻12 = 𝐸 (2𝐶1𝑆11 + 2𝐶2𝑆12)

𝐶1𝐻11 + 𝐶2𝐻12 = 𝐸 (𝐶1𝑆11 + 𝐶2𝑆12)

𝐶1𝐻11 + 𝐶2𝐻12 = (𝐶1𝐸𝑆11 + 𝐶2𝐸𝑆12)

𝐶1 𝐻11 − 𝐸𝑆11) + 𝐶2(𝐻12 − 𝐸𝑆12 = 0



𝜕𝐸

𝜕𝐶2
=

𝑣
𝜕𝑢
𝜕𝐶2

− 𝑢
𝜕𝑣

𝜕𝐶2

𝑣2
𝐶1 𝐻21 − 𝐸𝑆21) + 𝐶2(𝐻22 − 𝐸𝑆22 = 0

𝐶1 𝐻11 − 𝐸𝑆11) + 𝐶2(𝐻12 − 𝐸𝑆12 = 0

𝐶1 𝐻21 − 𝐸𝑆21) + 𝐶2(𝐻22 − 𝐸𝑆22 = 0

Secular Equation & Secular Matrix for Diatomic Molecule 

𝐶1

𝐶2

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0



Secular Equation & Secular Matrix for Triatomic Molecule 

𝐶1 𝐻11 − 𝐸𝑆11) + 𝐶2(𝐻12 − 𝐸𝑆12 + 𝐶3 𝐻13 − 𝐸𝑆13 = 0

𝐶1 𝐻21 − 𝐸𝑆21) + 𝐶2(𝐻22 − 𝐸𝑆22 +𝐶3 𝐻23 − 𝐸𝑆23 = 0

𝐶1 𝐻31 − 𝐸𝑆31) + 𝐶2(𝐻32 − 𝐸𝑆32 +𝐶3 𝐻33 − 𝐸𝑆33 = 0

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2 + 𝐶3𝜑3

𝐶1

𝐶2

𝐶3

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12 𝐻13 − 𝐸𝑆13

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22 𝐻23 − 𝐸𝑆23

𝐻31 − 𝐸𝑆31 𝐻32 − 𝐸𝑆32 𝐻33 − 𝐸𝑆33

=0



𝐶1 𝐻11 − 𝐸𝑆11) + 𝐶2(𝐻12 − 𝐸𝑆12 + ⋯ + 𝐶𝑛 𝐻1𝑛 − 𝐸𝑆1𝑛 = 0

𝐶1 𝐻21 − 𝐸𝑆21) + 𝐶2(𝐻22 − 𝐸𝑆22 + ⋯ + 𝐶𝑛 𝐻2𝑛 − 𝐸𝑆2𝑛 = 0

𝐶1 𝐻31 − 𝐸𝑆31) + 𝐶2(𝐻32 − 𝐸𝑆32 + ⋯ + 𝐶𝑛 𝐻3𝑛 − 𝐸𝑆3𝑛 = 0

𝐶1 𝐻𝑛1 − 𝐸𝑆𝑛1) + 𝐶2(𝐻𝑛2 − 𝐸𝑆𝑛2 + ⋯ + 𝐶𝑛 𝐻𝑛𝑛 − 𝐸𝑆𝑛𝑛 = 0

Secular Equation & Secular Matrix for n-atomic Molecule 

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2 + 𝐶3𝜑3 + ⋯ … … . . +𝐶𝑛𝜑𝑛



Secular Equation & Secular Matrix for n-atomic Molecule 



Physical meaning of Integration function

𝐻𝑖𝑖 = න 𝜑𝑖𝐻𝜑𝑖𝑑𝑟 𝐻𝑖𝑗 = න 𝜑𝑖𝐻𝜑𝑗𝑑𝑟

𝑆𝑖𝑖 = ׬ 𝜑𝑖𝜑𝑖𝑑𝑟 =1 𝑆𝑖𝑗 = න 𝜑𝑖𝜑𝑗𝑑𝑟

B.Sc. SEMESTER-6 

PAPER-601

UNIT-1 : Valency 

(Chemical Bonding)



Physical Meaning of following Symbol 

𝐻𝑖𝑖 = න 𝜑𝑖𝐻𝜑𝑖𝑑𝑟 = 𝛼 = 𝑞

Columbic integration function

+

• Single wave function - Represent single atom

• H-Hemiltonian operator represent Energy of single atom

• In single atom, columbic force between Nucleus and electron –

represent columbic energy.

• Attraction force between Nucleus and electron – indicate lower energy 

– Columbic interagral value is always negative (–ve)

i = 1,2,3….. e



Physical Meaning of following Symbol 

𝐻𝑖𝑗 = න 𝜑𝑖𝐻𝜑𝑗𝑑𝑟 = 𝛽

Resonance integration function

𝑖 ≠ 𝑗

H

e

H

e
• Two wave function - Represent diatomic molecules

• H-Hemiltonian operator represent Energy of diatomic molecules

• Two atom bonding with each other – resonance between two electron

• Represented resonance energy of diatomic molecules

• No bonding between two atoms : 𝐻𝑖𝑗=0

• Bonding between two atoms: 𝐻𝑖𝑗>0 

i & j = 1,2,3…..



Physical Meaning of following Symbol 

𝑆𝑖𝑖 = ׬ 𝜑𝑖𝜑𝑖𝑑𝑟 =1

Normalisation integration function

+
• Single wave function - Represent single atom

• Do not represent Energy: (H is not present)

• Represented electron density in atom.

• Electron density is unique in atom

• Then intergral value is always unique (1)

i = 1,2,3…..

e



𝑆𝑖𝑗 = න 𝜑𝑖𝜑𝑗𝑑𝑟

Overlapping integration function

𝑖 ≠ 𝑗

• Two wave function - Represent diatomic molecule

• Do not represent Energy: (H is not present)

• Represented electron density diatomic molecule.

• Represented Overlapping between two atom.

𝑆𝑖𝑗 > 0
𝑆𝑖𝑗 = 0

i & j = 1,2,3…..



Energy Level for Diatomic Molecule
&

Electron distribution (Electron Density) in H2
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Energy level for Diatomic Molecule (H2)

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2Wave function for Diatomic Molecule

𝐶1

𝐶2

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0

Energy for Diatomic Molecule

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0

Where, C1 and C2 are not zero (0),

Use some symbol 𝐻11 = 𝐻22 = 𝛼, 𝜑1 = 𝜑2

𝐻12 = 𝐻21 = 𝛽 = 𝐻′..𝐻𝑒𝑟𝑚𝑖𝑐𝑖𝑎𝑛 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟

𝑆11 = 𝑆22 = 1, Normalized condition

𝐻11 − 𝐸 𝐻12 − 𝐸𝑆12

𝐻12 − 𝐸𝑆12 𝐻11 − 𝐸
=0

H

e

H

e



𝐻11 − 𝐸 𝐻12 − 𝐸𝑆12

𝐻12 − 𝐸𝑆12 𝐻11 − 𝐸
=0

𝐻11 − 𝐸 2 − 𝐻12 − 𝐸𝑆12
2 = 0

𝐻11 − 𝐸 + 𝐻12 − 𝐸𝑆12 = 0 𝐻11 − 𝐸 − 𝐻12 − 𝐸𝑆12 = 0

𝐻11 − 𝐸 + 𝐻12 − 𝐸𝑆12 = 0 𝐻11 − 𝐸 − 𝐻12 + 𝐸𝑆12 = 0

𝐻11 + 𝐻12 − 𝐸 1 + 𝑆12 = 0 𝐻11 − 𝐻12 − 𝐸 1 − 𝑆12 = 0

𝐻11 + 𝐻12 = 𝐸 1 + 𝑆12 𝐻11 − 𝐻12 = 𝐸 1 − 𝑆12

𝐸 =
𝐻11 + 𝐻12

1 + 𝑆12

𝐸 =
𝛼 − 𝛽

1 − 𝑆12
𝐸 =

𝛼 + 𝛽

1 + 𝑆12

𝐸 =
𝐻11 − 𝐻12

1 − 𝑆12

𝐸𝑠 = 𝛼 + 𝛽 𝐸𝐴 = 𝛼 − 𝛽

𝐸𝑠 < 𝐸𝐴

𝑆12 = 0

Columbic intriagral value is 

always negative (–ve)



𝐸𝑠 = 𝛼 + 𝛽 𝐸𝐴 = 𝛼 − 𝛽

𝐸𝑠 < 𝐸𝐴

𝐸𝑠 = 𝐸𝐴 = 𝛼

𝐸𝑠 = 𝛼 + 𝛽

𝐸𝑠 = 𝛼 + 2𝛽

𝐸𝑠 = 𝛼 + 3𝛽

𝐸𝑠 = 𝛼 + 4𝛽

𝐸𝐴 = 𝛼 − 𝛽

𝐸𝐴 = 𝛼 − 2𝛽

𝐸𝐴 = 𝛼 − 3𝛽

Energy level diagram for H2 Molecule



Electron Density distribution in H2 Molecule

H

e

H

e

𝜑𝑠 = 𝑁 𝜑1 + 𝜑2

𝜑𝐴 = 𝑁 𝜑1 − 𝜑2

𝜑𝐴 = 𝑊𝑎𝑣𝑒 𝑓𝑢𝑐𝑡𝑖𝑜𝑛

𝜑𝐴
2 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝐴𝐵𝑀𝑂

𝜑𝐵 = 𝑊𝑎𝑣𝑒 𝑓𝑢𝑐𝑡𝑖𝑜𝑛

𝜑𝐵
2 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝐵𝑀𝑂

EA

ES



𝜑𝑠 = 𝑁 𝜑1 + 𝜑2
𝜑𝐴 = 𝑁 𝜑1 − 𝜑2

𝜑𝑠
2 = 𝑁2 𝜑1 + 𝜑2

2 𝜑𝐴
2 = 𝑁2 𝜑1 − 𝜑2

2

𝜑𝑠
2 = 𝑁2 𝜑1

2 + 𝜑2
2 + 2𝜑1𝜑2 𝜑𝐴

2 = 𝑁2 𝜑1
2 + 𝜑2

2 − 2𝜑1𝜑2

𝜑1
2 𝜑2

2 𝜑2
2

𝜑1
2

+2𝜑1𝜑2 −2𝜑1𝜑2
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Structure and Wave function of H2
+ molecule ion.

Ha Hb

e

rab

ra rb

Molecule’s possible structure

𝐻𝑎
+. 𝐻𝑏 𝜑1

𝐻𝑎𝐻𝑏
+ 𝜑2

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2

Diatomic Molecule



Energy level for H2
+ molecule ion. (Diatomic Molecule)

𝐶1

𝐶2

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0

Where, C1 and C2 are not zero (0),

𝐸𝑠 =
𝐻11 + 𝐻12

1 + 𝑆12

𝐸𝐴 =
𝐻11 − 𝐻12

1 − 𝑆12



H11 for H2
+ molecule ion. (Diatomic Molecule)

𝐻11 = න 𝜑1

−ℎ2

8𝜋2𝑚
∇2 −

𝑒2

𝑟𝑎
−

𝑒2

𝑟𝑏
+

𝑒2

𝑟𝑎𝑏
𝜑1𝑑𝑟

𝐻11 = න 𝜑1 𝐸0 −
𝑒2

𝑟𝑏
+

𝑒2

𝑟𝑎𝑏
𝜑1𝑑𝑟

H11 (Columbic Intragyral) for H2
+ molecule ion. (Diatomic Molecule)

𝐻11 = න 𝜑1𝐻𝜑1𝑑𝑟 = 𝛼 = 𝑞

Ha Hb

e

rab

ra rb

H=
−ℎ2

8𝜋2𝑚
∇2 − 𝑉

H =
−ℎ2

8𝜋2𝑚
∇2 −

𝑒2

𝑟𝑎
−

𝑒2

𝑟𝑏
+

𝑒2

𝑟𝑎𝑏

𝑉 = ෍ ±
𝑞1𝑞2

𝑟

𝐸0 = 𝐻0 =
−ℎ2

8𝜋2𝑚
∇2 −

𝑒2

𝑟𝑎

𝐻11 = 𝐸0 න 𝜑1𝜑1𝑑𝑟 − 𝑒2 න
1

𝑟𝑏
𝜑1𝜑1𝑑𝑟 +

𝑒2

𝑟𝑎𝑏
න 𝜑1𝜑1𝑑𝑟



𝐻11 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
− 𝐽

J= 𝑒2 ׬
1

𝑟𝑏
𝜑1𝜑1𝑑𝑟

𝐻11 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
− 𝑒2 න

1

𝑟𝑏
𝜑1𝜑1𝑑𝑟

𝐻11 = 𝐸0 න 𝜑1𝜑1𝑑𝑟 − 𝑒2 න
1

𝑟𝑏
𝜑1𝜑1𝑑𝑟 +

𝑒2

𝑟𝑎𝑏
න 𝜑1𝜑1𝑑𝑟



H12 (Resonance integral function)for H2
+ molecule ion. (Diatomic Molecule)

𝐻12 = න 𝜑1𝐻𝜑2𝑑𝑟

𝐻12 = න 𝜑1 𝐸0 −
𝑒2

𝑟𝑏
+

𝑒2

𝑟𝑎𝑏
𝜑2𝑑𝑟

𝐻12 = 𝐸0 න 𝜑1𝜑2𝑑𝑟 − 𝑒2 න
1

𝑟𝑏
𝜑1𝜑2𝑑𝑟 +

𝑒2

𝑟𝑎𝑏
න 𝜑1𝜑2𝑑𝑟

𝐻12 = 𝐸0𝑆12 +
𝑒2

𝑟𝑎𝑏
𝑆12 − 𝑒2 න

1

𝑟𝑏
𝜑1𝜑2𝑑𝑟

𝐻12 = 𝐸0𝑆12 +
𝑒2

𝑟𝑎𝑏
𝑆12 − 𝐾

H =
−ℎ2

8𝜋2𝑚
∇2 −

𝑒2

𝑟𝑎
−

𝑒2

𝑟𝑏
+

𝑒2

𝑟𝑎𝑏

𝐻12 = න 𝜑1

−ℎ2

8𝜋2𝑚
∇2 −

𝑒2

𝑟𝑎
−

𝑒2

𝑟𝑏
+

𝑒2

𝑟𝑎𝑏
𝜑2𝑑𝑟

𝐸0 = 𝐻0 =
−ℎ2

8𝜋2𝑚
∇2 −

𝑒2

𝑟𝑎

K= 𝑒2 ׬
1

𝑟𝑏
𝜑1𝜑2𝑑𝑟



𝐻11 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
− 𝐽 𝐻12 = 𝐸0𝑆12 +

𝑒2

𝑟𝑎𝑏
𝑆12 − 𝐾

ES & EA for H2
+ molecule ion. (Diatomic Molecule)

𝐸𝑠 =
𝐻11 + 𝐻12

1 + 𝑆12

𝐸𝐴 =
𝐻11 − 𝐻12

1 − 𝑆12

𝐸𝑆 =
𝐸0 +

𝑒2

𝑟𝑎𝑏
− 𝐽 + 𝐸0𝑆12 +

𝑒2

𝑟𝑎𝑏
𝑆12 − 𝐾

1 + 𝑆12

𝐸𝑆 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
−

𝐽 + 𝐾

1 + 𝑆12

𝐸𝐴 =
𝐸0 +

𝑒2

𝑟𝑎𝑏
− 𝐽 − 𝐸0𝑆12 −

𝑒2

𝑟𝑎𝑏
𝑆12 + 𝐾

1 − 𝑆12

𝐸𝑆 =
𝐸0 1 + 𝑆12

1 + 𝑆12
+

𝑒2

𝑟𝑎𝑏
1 + 𝑆12

1 + 𝑆12
−

𝐽 + 𝐾

1 + 𝑆12

𝐸𝐴 =
𝐸0 1 − 𝑆12

1 − 𝑆12
+

𝑒2

𝑟𝑎𝑏
1 − 𝑆12

1 − 𝑆12
−

𝐽 − 𝐾

1 − 𝑆12

𝐸𝐴 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
−

𝐽 − 𝐾

1 − 𝑆12



𝐸𝑆 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
−

𝐽 + 𝐾

1 + 𝑆12
𝐸𝐴 = 𝐸0 +

𝑒2

𝑟𝑎𝑏
−

𝐽 − 𝐾

1 − 𝑆12

𝑆12 = 0

𝐸𝑆 = 𝐸0 +
𝑒2

𝑟𝑎𝑏
− 𝐽 − 𝐾 𝐸𝐴 = 𝐸0 +

𝑒2

𝑟𝑎𝑏
− 𝐽 + 𝐾 𝐻11 = 𝐸0 +

𝑒2

𝑟𝑎𝑏
− 𝐽

𝐸𝑆 = 𝐻11 − 𝐾 = 𝛼 − 𝐾 𝐸𝐴 = 𝐻11 + 𝐾 = 𝛼 + 𝐾

K= 𝑒2 ׬
1

𝑟𝑏
𝜑1𝜑2𝑑𝑟𝐸𝑆 > 𝐸𝐴
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Structure and Wave function of H2 molecule.

Molecule’s possible structure & wave function

𝜑 = 𝐶1𝜑1 + 𝐶2𝜑2Diatomic Molecule

Ha Hb

e1

rab

ra1 ra2

e2

rb1
rb2

r12 𝐻𝐴(1)𝐻𝐵(2) = 𝜑𝑎(1)𝜑𝑏 2 = 𝜑1

𝐻𝐴(2)𝐻𝐵(1) = 𝜑𝑎(2)𝜑𝑏 1 = 𝜑2



Other Wave function

Ionic Wave Function

Covalent Wave Function

These wave function are:
Angular Wave function

n, l and m dependent w.f.



Energy level for H2 molecule. (Diatomic Molecule)

𝐶1

𝐶2

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0

𝐻11 − 𝐸𝑆11 𝐻12 − 𝐸𝑆12

𝐻21 − 𝐸𝑆21 𝐻22 − 𝐸𝑆22
=0

Where, C1 and C2 are not zero (0),

𝐸𝑠 =
𝐻11 + 𝐻12

1 + 𝑆12

𝐸𝐴 =
𝐻11 − 𝐻12

1 − 𝑆12



H11 (Columbic Intragyral) for H2 molecule. (Diatomic Molecule)

𝐻11 = න 𝜑1𝐻𝜑1𝑑𝑟 = 𝛼 = 𝑞 𝜑1 = 𝜑𝑎 1 𝜑𝑏 2

𝜑2 = 𝜑𝑎 2 𝜑𝑏 1

𝐻 = −
ℎ2

8𝜋2𝑚
∇1

2 + ∇2
2 −

𝑒2

𝑟𝑎1
 −

𝑒2

𝑟𝑎2
 −

𝑒2

𝑟𝑏1
 −

𝑒2

𝑟𝑏2
+

𝑒2

𝑟12
+

𝑒2

𝑟𝑎𝑏

Ha Hb

e1

rab

ra1 ra2

e2

rb1
rb2

r12

𝐻11 = න 𝜑1 2𝐸0 −
𝑒2

𝑟𝑎2
 −

𝑒2

𝑟𝑏1
+

𝑒2

𝑟12
+

𝑒2

𝑟𝑎𝑏
𝜑1 . 𝑑𝑟

2𝐸0 = −
ℎ2

8𝜋2𝑚
∇1

2 + ∇2
2 −

𝑒2

𝑟𝑎1
 −

𝑒2

𝑟𝑏2

𝐻11 = න 𝜑1 −
ℎ2

8𝜋2𝑚
∇1

2 + ∇2
2 −

𝑒2

𝑟𝑎1
 −

𝑒2

𝑟𝑎2
 −

𝑒2

𝑟𝑏1
 −

𝑒2

𝑟𝑏2
+

𝑒2

𝑟12
+

𝑒2

𝑟𝑎𝑏
𝜑1 . 𝑑𝑟



𝐻11 = 2𝐸0 න 𝜑1
2𝑑𝑟 − 𝑒2 න

1

𝑟𝑎(2)
𝜑1

2𝑑𝑟 − 𝑒2 න
1

𝑟𝑏(1)
𝜑1

2𝑑𝑟 + 𝑒2 න
1

𝑟12
𝜑1

2𝑑𝑟 +
𝑒2

𝑟𝑎𝑏
න 𝜑1

2𝑑𝑟

𝐻11 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
 −𝑒2 න

1

𝑟𝑎(2)
𝜑1

2𝑑𝑟 − 𝑒2 න
1

𝑟𝑏(1)
𝜑1

2𝑑𝑟 + 𝑒2 න
1

𝑟12
𝜑1

2𝑑𝑟

𝐽2 = 𝑒2 න
1

𝑟𝑎(2)
𝜑1

2𝑑𝑟 = 𝑒2 න
1

𝑟𝑏(1)
𝜑1

2𝑑𝑟

𝐽1 = 𝑒2 න
1

𝑟12
𝜑1

2𝑑𝑟

𝐻11 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
 + 𝐽1 − 2𝐽2



𝐻12 = න 𝜑1𝐻𝜑2𝑑𝑟

H12 (Resonance intragyral function) for H2 molecule. (Diatomic Molecule)

𝜑1 = 𝜑𝑎 1 𝜑𝑏 2

𝜑2 = 𝜑𝑎 2 𝜑𝑏 1

𝐻 = −
ℎ2

8𝜋2𝑚
∇1

2 + ∇2
2 −

𝑒2

𝑟𝑎1
 −

𝑒2

𝑟𝑎2
 −

𝑒2

𝑟𝑏1
 −

𝑒2

𝑟𝑏2
+

𝑒2

𝑟12
+

𝑒2

𝑟𝑎𝑏

𝐻12 = න 𝜑1 2𝐸0 −
𝑒2

𝑟𝑎2
 −

𝑒2

𝑟𝑏1
+

𝑒2

𝑟12
+

𝑒2

𝑟𝑎𝑏
𝜑2 . 𝑑𝑟

2𝐸0 = −
ℎ2

8𝜋2𝑚
∇1

2 + ∇2
2 −

𝑒2

𝑟𝑎1
 −

𝑒2

𝑟𝑏2

𝐻12 = න 𝜑1 −
ℎ2

8𝜋2𝑚
∇1

2 + ∇2
2 −

𝑒2

𝑟𝑎1
 −

𝑒2

𝑟𝑎2
 −

𝑒2

𝑟𝑏1
 −

𝑒2

𝑟𝑏2
+

𝑒2

𝑟12
+

𝑒2

𝑟𝑎𝑏
𝜑2 . 𝑑𝑟

𝐻12 = 2𝐸0 න 𝜑1𝜑2𝑑𝑟 − 𝑒2 න
1

𝑟𝑎(2)
𝜑1𝜑2𝑑𝑟 − 𝑒2 න

1

𝑟𝑏(1)
𝜑1𝜑2𝑑𝑟 + 𝑒2 න

1

𝑟12
𝜑1𝜑2𝑑𝑟 +

𝑒2

𝑟𝑎𝑏
න 𝜑1𝜑2𝑑𝑟



𝐾2 = 𝑒2 න
1

𝑟𝑎(2)
𝜑1𝜑2𝑑𝑟 = 𝑒2 න

1

𝑟𝑏(1)
𝜑1𝜑2𝑑𝑟

𝐾1 = 𝑒2 න
1

𝑟12
𝜑1𝜑2𝑑𝑟

𝐻12 = 2𝐸0𝑆12 +
𝑒2

𝑟𝑎𝑏
𝑆12 −𝑒2 න

1

𝑟𝑎(2)
𝜑1𝜑2𝑑𝑟 − 𝑒2 න

1

𝑟𝑏(1)
𝜑1𝜑2𝑑𝑟 + 𝑒2 න

1

𝑟12
𝜑1𝜑2𝑑𝑟

𝐻12 = 2𝐸0𝑆12 +
𝑒2

𝑟𝑎𝑏
𝑆12 + 𝐾1 − 2𝐾2



𝐸𝑠 =
𝐻11 + 𝐻12

1 + 𝑆12

𝐸𝐴 =
𝐻11 − 𝐻12

1 − 𝑆12
𝐻12 = 2𝐸0𝑆12 +

𝑒2

𝑟𝑎𝑏
𝑆12 + 𝐾1 − 2𝐾2𝐻11 = 2𝐸0 +

𝑒2

𝑟𝑎𝑏
 + 𝐽1 − 2𝐽2

𝐸𝑠 =
2𝐸0 +

𝑒2

𝑟𝑎𝑏
 + 𝐽1 − 2𝐽2 + 2𝐸0𝑆12 +

𝑒2

𝑟𝑎𝑏
𝑆12 + 𝐾1 − 2𝐾2

1 + 𝑆12
𝐸𝐴 =

2𝐸0 +
𝑒2

𝑟𝑎𝑏
 + 𝐽1 − 2𝐽2 − 2𝐸0𝑆12 −

𝑒2

𝑟𝑎𝑏
𝑆12 − 𝐾1 + 2𝐾2

1 − 𝑆12

𝐸𝑠 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
+

𝐽1 − 2𝐽2 + 𝐾1 − 2𝐾2

1 + 𝑆12

𝐸𝐴 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
+

𝐽1 − 2𝐽2 − 𝐾1 + 2𝐾2

1𝑆12𝑆12 = 0

𝐸𝑠 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
+ 𝐽1 − 2𝐽2 + 𝐾1 − 2𝐾2

𝐸𝐴 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
+ 𝐽1 − 2𝐽2 − 𝐾1 + 2𝐾2

𝐸𝑠 = 𝐻11 + (𝐾1 − 2𝐾2) 𝐸𝐴 = 𝐻11 − (𝐾1 − 2𝐾2)

𝐸𝑠 < 𝐸𝐴 𝐾2 = 𝑒2 න
1

𝑟𝑎(2)
𝜑1𝜑2𝑑𝑟 = 𝑒2 න

1

𝑟𝑏(1)
𝜑1𝜑2𝑑𝑟

𝐾1 = 𝑒2 න
1

𝑟12
𝜑1𝜑2𝑑𝑟
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Classical Interaction Energy of H2 molecule. 

Ha Hb

e1

rab

ra1 ra2

e2

rb1
rb2

r12

𝜑1 = 𝜑𝑎 1 𝜑𝑏 2

𝜑2 = 𝜑𝑎 2 𝜑𝑏 1

𝐸0 =
𝐻11

𝑆11

𝐸𝐶 = 𝐻11 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
+ 𝐽1 − 2𝐽2

𝐽2 = 𝑒2 න
1

𝑟𝑎(2)
𝜑1

2𝑑𝑟 = 𝑒2 න
1

𝑟𝑏(1)
𝜑1

2𝑑𝑟

𝐽1 = 𝑒2 න
1

𝑟12
𝜑1

2𝑑𝑟

𝐸 =
∞−׬

+∞
𝜑𝐻𝜑  𝑑𝑟

∞+׬

+∞
𝜑𝜑 𝑑𝑟



𝐸𝐶 = 𝐻11 = 2𝐸0 +
𝑒2

𝑟𝑎𝑏
+ 𝐽1 − 2𝐽2

Ec = 0.45 ev

Ep = 4.74 ev

rab = 0.74 A



Representation of 

Wave function, 

Bond strength and 

Bond angle 

for sp, sp2 and sp3 hybrid orbitals.



Wave function of sp hybrid orbitals

𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑧

BeCl2; CO2, HgCl2

𝜑1
𝜑2

Wave function by LCAO



Define values of constant

𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑧

1. Equivalent Law S-orbital is spherical & contribution of S-orbital is equal to all wave 
function of hybrid orbitals.

𝑎1
2 = 𝑎2

2 =
1

2

𝑎1 = 𝑎2 =
1

2



2. Normalization Law

׬ 𝜑1
2 𝑑𝑟 = 1 𝑎1

2 + 𝑏1
2=1 𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑧

𝑏1 =
1

2

3. Orthogonal Law

𝜑1𝜑2׬ 𝑑𝑟 =0 𝑎1𝑎2 + 𝑏1𝑏2 = 0 𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑧

𝑏2 = −
1

2

𝜑1 =
1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧 𝜑2 =

1

2
𝜑𝑠 −

1

2
𝜑𝑝𝑧



Cartesian wave function of orbitals

𝜑𝑠 =
1

4𝜋

𝜑𝑝𝑥 =
3

4𝜋
sin 𝜃 cos ∅

𝜑𝑝𝑦 =
3

4𝜋
sin 𝜃 𝑠𝑖𝑛 ∅

𝜑𝑝𝑧 =
3

4𝜋
cos 𝜃

𝜑1 =
1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧 𝜑2 =

1

2
𝜑𝑠 −

1

2
𝜑𝑝𝑧

𝜑1 =
1

4𝜋

1

2
1 + 3 cos 𝜃 𝜑2 =

1

4𝜋

1

2
1 − 3 cos 𝜃



Bond Strength

𝐵. 𝑆. =
𝜑1(𝑚𝑎𝑥)

𝜑𝑠
=

𝜑2(𝑚𝑎𝑥)

𝜑𝑠

𝜑1 =
1

4𝜋

1

2
1 + 3 cos 𝜃

𝜑1𝑚𝑎𝑥 =
1

4𝜋

1

2
1 + 3

𝐵. 𝑆. =
1

2
1 + 3

𝐵. 𝑆. =

1

4𝜋

1

2
1 + 3

1

4𝜋
 

𝐵. 𝑆. =
1

1.4142
1 + 1.7320

𝐵. 𝑆. (𝑠𝑝 ℎ𝑦𝑏𝑟𝑖𝑑 𝑜𝑟𝑏𝑖𝑡𝑎𝑙) = 1.932

cos 0 = 1

cos 180 = −1



Bond Angle

𝜑1 =
1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧

𝜑1
′ =

1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧

+ 𝜑1
" =

1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧

−

න
1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧

+
1

2
𝜑𝑠 +

1

2
𝜑𝑝𝑧

−  𝑑𝑟 = 0

1

2
න 𝜑𝑠

2 𝑑𝑟 +
1

2
න 𝜑𝑠𝜑𝑝𝑧

− 𝑑𝑟 +
1

2
න 𝜑𝑠𝜑𝑝𝑧

+ 𝑑𝑟 +
1

2
න 𝜑𝑧

+𝜑𝑧
−𝑑𝑟 = 0

1

2
+

1

2
න 𝜑𝑧

+𝜑𝑧
−𝑑𝑟 = 0

1

2
+

1

2
cos 𝜃 න 𝜑𝑧

−𝜑𝑧
−𝑑𝑟 = 0

1

2
+

1

2
cos 𝜃=0

𝜃 = 𝑐𝑜𝑠−1 −1

𝜃 =180

𝜑𝑝𝑧
+

𝜑𝑝𝑧
−

𝜃

cos 𝜃 =
𝜑𝑝𝑧

+  

𝜑𝑝𝑧
−  

׬ 𝜑1
′ 𝜑1

′′ 𝑑𝑟 =0 

+

-
𝜑𝑝𝑧

−

𝜑𝑝𝑧
+



Sp2 & Sp3  Hybridization
Wave function

Bond strength

Bond angle



𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑥 + 𝑐1𝜑𝑝𝑦

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑧 + 𝑐2𝜑𝑝𝑦

𝜑3 = 𝑎3𝜑𝑠 + 𝑏3𝜑𝑝𝑧 + 𝑐3𝜑𝑝𝑦

120



Define values of constant

Equivalent Law 𝑎1
2 = 𝑎2

2 = 𝑎3
2 =

1

3
𝑎1 = 𝑎2 = 𝑎3 =

1

3

𝜑1 𝐻. 𝑂. 𝑖𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑥 𝑎𝑥𝑖𝑠

𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑥 + 𝑐1𝜑𝑝𝑦

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑧 + 𝑐2𝜑𝑝𝑦

𝜑3 = 𝑎3𝜑𝑠 + 𝑏3𝜑𝑝𝑧 + 𝑐3𝜑𝑝𝑦

𝑐1 = 0

𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑃𝑥 ≫> 𝑃𝑦 𝑖𝑛 𝜑1 𝐻. 𝑂. 



׬ 𝜑1
2 𝑑𝑟 = 1 𝑎1

2 + 𝑏1
2 + 𝑐1

2=1

𝜑1𝜑2׬ 𝑑𝑟 =0 𝑎1𝑎2 + 𝑏1𝑏2 + 𝑐1𝑐2 = 0

Normalisation and Orthogonality rules

𝑏1 =
2

3

𝑏2 = −
1

6

׬ 𝜑2
2 𝑑𝑟 = 1 𝑎2

2 + 𝑏2
2 + 𝑐2

2=1 𝑐2 =
1

2

𝜑1𝜑3׬ 𝑑𝑟 =0 𝑎1𝑎3 + 𝑏1𝑏3 + 𝑐1𝑐3 = 0 𝑏3 = −
1

6

𝜑2𝜑3׬ 𝑑𝑟 =0 𝑎2𝑎3 + 𝑏2𝑏3 + 𝑐2𝑐3 = 0 𝑐3 = −
1

2

𝜑1 =
1

3
𝜑𝑠 +

2

3
𝜑𝑝𝑥

𝜑2 =
1

3
𝜑𝑠 −

1

6
𝜑𝑝𝑧 +

1

2
𝜑𝑝𝑦

𝜑3 =
1

3
𝜑𝑠 −

1

6
𝜑𝑝𝑧 −

1

2
𝜑𝑝𝑦



𝜑𝑠 =
1

4𝜋

𝜑𝑝𝑥 =
3

4𝜋
sin 𝜃 cos ∅

𝜑𝑝𝑦 =
3

4𝜋
sin 𝜃 𝑠𝑖𝑛 ∅

𝜑𝑝𝑧 =
3

4𝜋
cos 𝜃

𝜑1 =
1

3

1

4𝜋
+

2

3

3

4𝜋
sin 𝜃 cos ∅

𝜑1 =
1

3

1

4𝜋
(1 + 6 cos ∅)

sin 𝜃 = sin 90 = 1

𝜑1 =
1

3
𝜑𝑠 +

2

3
𝜑𝑝𝑥



Bond Strength

𝐵. 𝑆. =
𝜑1(𝑚𝑎𝑥)

𝜑𝑠
=

𝜑2(𝑚𝑎𝑥)

𝜑𝑠

𝜑1 =
1

3

1

4𝜋
(1 + 6 cos ∅)

𝜑1𝑚𝑎𝑥 =
1

3

1

4𝜋
(1 + 6)

cos 0 = 1

cos 180 = −1

𝐵. 𝑆. =

1

3

1

4𝜋
(1 + 6)

1

4𝜋
 

𝐵. 𝑆. =
1

3
 (1 + 6)

𝐵. 𝑆. =
1

1.7320
 (1 + 2.4494)

𝐵. 𝑆. 𝑜𝑓 𝑠𝑝2 ℎ𝑦𝑏𝑟𝑖𝑑 𝑜𝑟𝑏𝑖𝑡𝑎𝑙𝑠 = 1.992



Bond Angle

𝜑1 =
1

3
𝜑𝑠 +

2

3
𝜑𝑝𝑥 𝜑1

′ =
1

3
𝜑𝑠 +

2

3
 𝜑𝑝𝑥

+ 𝜑1
" =

1

3
𝜑𝑠 +

2

3
 𝜑𝑝𝑥

−

׬ 𝜑1
′  𝜑1

" 𝑑𝑟 = 0

න
1

3
𝜑𝑠 +

2

3
 𝜑𝑝𝑥

+
1

3
𝜑𝑠 +

2

3
 𝜑𝑝𝑥

− 𝑑𝑟 = 0

1

3
න 𝜑𝑠

2 𝑑𝑟 +
2

3
න 𝜑𝑠𝜑𝑝𝑧

− 𝑑𝑟 +
2

3
න 𝜑𝑠𝜑𝑝𝑧

+ 𝑑𝑟 +
2

3
න 𝜑𝑧

+𝜑𝑧
−𝑑𝑟 = 0

1

3
+

2

3
න 𝜑𝑧

+𝜑𝑧
−𝑑𝑟 = 0

1

3
+

2

3
cos 𝜃 න 𝜑𝑧

−𝜑𝑧
−𝑑𝑟 = 0

𝜑𝑝𝑧
+

𝜑𝑝𝑧
−

𝜃

cos 𝜃 =
𝜑𝑝𝑧

+  

𝜑𝑝𝑧
−  



1

3
+

2

3
cos 𝜃=0

cos 𝜃= −
1

3
×

3

2
 

𝜃= 𝑐𝑜𝑠−1(−
1

2
)

𝜃 =120
120

1

3
+

2

3
cos 𝜃 න 𝜑𝑧

−𝜑𝑧
−𝑑𝑟 = 0



𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑥 + 𝑐1𝜑𝑝𝑦 +𝑑1𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑥 + 𝑐2𝜑𝑝𝑦 + 𝑑2𝜑𝑝𝑧

𝜑3 = 𝑎3𝜑𝑠 + 𝑏3𝜑𝑝𝑥 + 𝑐3𝜑𝑝𝑦 + 𝑑3𝜑𝑝𝑧

𝜑4 = 𝑎4𝜑𝑠 + 𝑏4𝜑𝑝𝑥 + 𝑐4𝜑𝑝𝑦 + 𝑑4𝜑𝑝𝑧

Sp3 

𝜑1 𝜑4

𝜑3
𝜑2



Equivalent contribution Law 

𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑥 + 𝑐1𝜑𝑝𝑦 +𝑑1𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑥 + 𝑐2𝜑𝑝𝑦 + 𝑑2𝜑𝑝𝑧

𝜑3 = 𝑎3𝜑𝑠 + 𝑏3𝜑𝑝𝑥 + 𝑐3𝜑𝑝𝑦 + 𝑑3𝜑𝑝𝑧

𝜑4 = 𝑎4𝜑𝑠 + 𝑏4𝜑𝑝𝑥 + 𝑐4𝜑𝑝𝑦 + 𝑑4𝜑𝑝𝑧



Equivalent contribution Law 

H.O. is along the z-axis, that is this hybrid orbitals will get contribution from s and Pz 
orbitals.
So there is no contribution of Px and Py orbital in H.O.
Than we can write b1=c1=0

𝜑1

𝜑1

𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑥 + 𝑐1𝜑𝑝𝑦 +𝑑1𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑥 + 𝑐2𝜑𝑝𝑦 + 𝑑2𝜑𝑝𝑧



׬ 𝜑1
2 𝑑𝑟 = 1 𝑎1

2 + 𝑏1
2 + 𝑐1

2 + 𝑑1
2=1

𝜑1𝜑2׬ 𝑑𝑟 =0 𝑎1𝑎2 + 𝑏1𝑏2 + 𝑐1𝑐2 + 𝑑1𝑑2 = 0

𝑑1 =
3

2

𝑑2 = −
1

2 3

׬ 𝜑2
2 𝑑𝑟 = 1 𝑎2

2 + 𝑏2
2 + 𝑐2

2 + 𝑑2
2=1 𝑏2 =

2

3

𝜑1𝜑3׬ 𝑑𝑟 =0 𝑎1𝑎3 + 𝑏1𝑏3 + 𝑐1𝑐3 + 𝑑1𝑑3 = 0 𝑑3 = −
1

2 3

𝜑1𝜑4׬ 𝑑𝑟 =0 𝑎1𝑎4 + 𝑏1𝑏4 + 𝑐1𝑐4 + 𝑑1𝑑4 = 0
𝑑4 = −

1

2 3

𝜑2𝜑3׬ 𝑑𝑟 =0 𝑎2𝑎3 + 𝑏2𝑏3 + 𝑐2𝑐3 + 𝑑2𝑑3 = 0 𝑏3 =
1

6

𝜑2𝜑4׬ 𝑑𝑟 =0 𝑎2𝑎4 + 𝑏2𝑏4 + 𝑐2𝑐4 + 𝑑2𝑑4 = 0 𝑏4 = −
1

6

׬ 𝜑3
2 𝑑𝑟 = 1 𝑎3

2 + 𝑏3
2 + 𝑐3

2 + 𝑑3
2=1 𝑐3 =

1

2

𝑐4 = −
1

𝜑3𝜑4׬2 𝑑𝑟 =0 𝑎3𝑎4 + 𝑏3𝑏4 + 𝑐3𝑐4 + 𝑑3𝑑4 = 0



𝜑1 =
1

2
𝜑𝑠 +

3

2
𝜑𝑝𝑧

𝜑2 = 𝑎2𝜑𝑠 + 𝑏2𝜑𝑝𝑧 + 𝑐2𝜑𝑝𝑦 + 𝑑2𝜑𝑝𝑧

𝜑3 = 𝑎3𝜑𝑠 + 𝑏3𝜑𝑝𝑧 + 𝑐3𝜑𝑝𝑦 + 𝑑3𝜑𝑝𝑧

𝜑4 = 𝑎4𝜑𝑠 + 𝑏4𝜑𝑝𝑧 + 𝑐4𝜑𝑝𝑦 + 𝑑4𝜑𝑝𝑧

𝜑1 = 𝑎1𝜑𝑠 + 𝑏1𝜑𝑝𝑥 + 𝑐1𝜑𝑝𝑦 +𝑑1𝜑𝑝𝑧

𝜑𝑠 =
1

4𝜋

𝜑𝑝𝑥 =
3

4𝜋
sin 𝜃 cos ∅

𝜑𝑝𝑦 =
3

4𝜋
sin 𝜃 𝑠𝑖𝑛 ∅

𝜑𝑝𝑧 =
3

4𝜋
cos 𝜃

𝜑1 =
1

2

1

4𝜋
+

3

2

3

4𝜋
cos 𝜃

𝜑1 =
1

2

1

4𝜋
(1 + 3 cos 𝜃)



Bond Strength

𝐵. 𝑆. =

1
2

1

4𝜋
(1 + 3)

1

4𝜋

𝜑1 =
1

2

1

4𝜋
(1 + 3 cos 𝜃)

𝜑1𝑚𝑎𝑥 =
1

2

1

4𝜋
(1 + 3)

𝐵. 𝑆. =
𝜑1(𝑚𝑎𝑥)

𝜑𝑠

𝐵. 𝑆. =
1

2
 (1 + 3)

𝐵. 𝑆. 𝑜𝑓 𝑠𝑝3 𝐻. 𝑂. = 2

𝐵. 𝑆. 𝑜𝑓 𝑠𝑝2 ℎ𝑦𝑏𝑟𝑖𝑑 𝑜𝑟𝑏𝑖𝑡𝑎𝑙𝑠 = 1.992

𝐵. 𝑆. (𝑠𝑝 ℎ𝑦𝑏𝑟𝑖𝑑 𝑜𝑟𝑏𝑖𝑡𝑎𝑙) = 1.932



Bond Angle

𝜑𝑝𝑧
+

𝜑𝑝𝑧
−

𝜃

cos 𝜃 =
𝜑𝑝𝑧

+  

𝜑𝑝𝑧
−  

𝜑1 =
1

2
𝜑𝑠 +

3

2
𝜑𝑝𝑧

𝜑1
′ =

1

2
𝜑𝑠 +

3

2
𝜑𝑝𝑧

+ 𝜑1
" =

1

2
𝜑𝑠 +

3

2
𝜑𝑝𝑧

−

׬ 𝜑1
′  𝜑1

" 𝑑𝑟 = 0

න
1

2
𝜑𝑠 +

3

2
𝜑𝑝𝑧

+
1

2
𝜑𝑠 +

3

2
𝜑𝑝𝑧

− 𝑑𝑟 = 0

1

4
න 𝜑𝑠

2 𝑑𝑟 +
3

4
න 𝜑𝑠𝜑𝑝𝑧

− 𝑑𝑟 +
3

4
න 𝜑𝑠𝜑𝑝𝑧

+ 𝑑𝑟 +
3

4
න 𝜑𝑧

+𝜑𝑧
−𝑑𝑟 = 0

1

4
+

3

4
න 𝜑𝑝𝑧

+ 𝜑𝑝𝑧
− 𝑑𝑟 = 0

1

4
+

3

4
cos 𝜃 න 𝜑𝑝𝑧

− 𝜑𝑝𝑧
− 𝑑𝑟 = 0



1

4
+

3

4
cos 𝜃 න 𝜑𝑧

−𝜑𝑧
−𝑑𝑟 = 0

1

4
+

3

4
cos 𝜃=0

cos 𝜃= −
1

4
×

4

3
 

𝜃= 𝑐𝑜𝑠−1(−
1

3
)

𝜃 =109.5



Pauli’s Exclusion Principal 

   

                           by Quantum Mechanical Approach 
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Pauli’s Exclusion Principal

In an atom or molecule, no two electrons can have the same 
4 quantum numbers. 
Maximum only 3 Q.N. are same.

n; l; m; s



Pauli’s Exclusion Principal- 

   by Quantum Mechanical Approach 

Wave 
Function

Angular w.f.

(n,l,m)

Spin w.f

(s)

[1] Wave function dependent on angular and spin Q.N. (n,l,m,s)



Angular w.f.
(n,l,m)

)1()2()2()1( babas  +=

)1()2()2()1( babaA  −=

Molecule’s possible structure & wave function

𝐻𝐴(1)𝐻𝐵(2) = 𝜑𝑎(1)𝜑𝑏 2 = 𝜑1

𝐻𝐴(2)𝐻𝐵(1) = 𝜑𝑎(2)𝜑𝑏 1 = 𝜑2 Ha Hb

e1

rab

ra1 ra2

e2

rb1
rb2

r12

𝜙𝑠 = 𝜙1 + 𝜙2

𝜙𝐴 = 𝜙1 − 𝜙2



Spin w.f
(s)

)2()1(1  =s

)1()2(2  =s

)1()2()2()1(  +=s

S

)1()2()2()1(  −=s

A

)2()1(3  =s

)2()1(4  =s



[1] Wave function dependent on angular and spin Q.N. (n,l,m,s)

SpinWFAngularWFT =

)1()2()2()1( babas  +=

)1()2()2()1( babaA  −=

)1()2()2()1(  +=s

S

)1()2()2()1(  −=s

A

)2()1(3  =s

)2()1(4  =s

s

ST

s

ST

s

AST

s

SST

4)4(

3)3(

)2(

)1(









=

=

=

=

s

AT

s

AT

s

AAT

s

SAT

4)8(

3)7(

)6(

)5(









=

=

=

=



Acceptable Wave Function

“When change the electron than the W.F. must be change”.- Pauli’s

)1()2()2()1( babas  += )1()2()2()1( babaA  −=

𝜑𝑠
′ = 𝜑𝑎(2)𝜑𝑏(1) + 𝜑𝑎(1)𝜑𝑏(2)

𝜑𝑠
′ = 𝜑𝑠

𝜑𝐴
′ = 𝜑𝑎(2)𝜑𝑏(1) − 𝜑𝑎(1)𝜑𝑏(2)

𝜑𝐴
′ = −𝜑𝐴

Anti symmetrical w.f. is Acceptable



s

ST

s

ST

s

AST

s

SST

4)4(

3)3(

)2(

)1(









=

=

=

=

s

AT

s

AT

s

AAT

s

SAT

4)8(

3)7(

)6(

)5(









=

=

=

=

Symmetrical

Anti Symmetrical

Symmetrical

Symmetrical

Symmetrical

Anti Symmetrical

Anti Symmetrical

Anti Symmetrical

Acceptable

Acceptable

Acceptable

Acceptable



s

AST  =)2(

Pauli’s Exclusion Principal- by Quantum Mechanical Approach 

)1()2()2()1( babas  +=

)1()2()2()1(  −=s

A

( ) ( ))1()2()2()1()1()2()2()1()2(  −+= babaT

( )
( ))1()2()1()2()2()1()1()2(

)1()2()2()1()2()1()2()1()2(





baba

babaT

−

+−=

)2()2()2()2(

)1()1()1()1(

)2()2()2()2(

)1()1()1()1(










aa

bb

bb

aa

T +=



There are three Q.N. (n,l,m) are same for electron of H2 than 

)2()2()2()2(

)1()1()1()1(

)2()2()2()2(

)1()1()1()1(










aa

bb

bb

aa

T +=

)2()2()2()2(

)1()1()1()1(

)2()2()2()2(

)1()1()1()1(










aa

aa

aa

aa

T +=

)2()2()2()2(

)1()1()1()1(
2






aa

aa

T =

𝜑𝑎 = 𝜑𝑏



Forth Q.N. (s) is same for two electron of H2 

)2()2()2()2(

)1()1()1()1(
2






aa

aa

T =

)2()2()2()2(

)1()1()1()1(
2






aa

aa

T =

0=T

In an atom or molecule, no two electrons can have the 
same 4 quantum numbers. 
Maximum only 3 Q.N. are same.



Molecular Orbital 

treatment for 

Octahedral Complex.
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M.O. treatment for Oh complexes.

[ML6] Octahedral
Z

X

Y



M.O. treatment for Oh complexes.

M           L
Coordination Covalent BondBonding atomic Orbitals of Metal and Legend 

𝑛𝑆 = 𝑎1𝑔

𝑛𝑃 = 𝑃𝑥 , 𝑃𝑦 , 𝑃𝑧 = 𝑡1𝑢

𝑛 − 1 𝑑 = 𝑑𝑥𝑦, 𝑑𝑦𝑧, 𝑑𝑥𝑧 = 𝑡2𝑔

                   =   (𝑑𝑥2−𝑦2 , 𝑑𝑧2) = 𝑒𝑔

L

𝑝𝜋
∗



M           L

d π-pπ Bond

n=4,5,6



-bonded orbitals of CMI



-bonded orbitals of CMI





𝑛𝑆 = 𝑎1𝑔

𝑛𝑃 = 𝑃𝑥, 𝑃𝑦 , 𝑃𝑧 = 𝑡1𝑢

𝑛 − 1 𝑑 =(𝑑𝑥2−𝑦2 , 𝑑𝑧2) = 𝑒𝑔

𝑛 − 1 𝑑 = 𝑑𝑥𝑦, 𝑑𝑦𝑧, 𝑑𝑥𝑧 = 𝑡2𝑔

𝑡1𝑢
𝑏

𝑡1𝑢
∗

𝑎1𝑔
𝑏

𝑎1𝑔
∗

𝑒𝑔𝑏

𝑒𝑔∗

𝑡2𝑔
𝑁

∆𝑜{𝐶𝐹𝑆𝐸)

A.O. of CMI

M.O.

A.O. of Legends

MO diagram for Oh complex



M.O.
A.O. of Legends

MO diagram for Oh complex

𝑛𝑆 = 𝑎1𝑔

𝑛𝑃 = 𝑃𝑥, 𝑃𝑦 , 𝑃𝑧 = 𝑡1𝑢

𝑛 − 1 𝑑 =(𝑑𝑥2−𝑦2 , 𝑑𝑧2)

= 𝑒𝑔

𝑛 − 1 𝑑 =

𝑑𝑥𝑦, 𝑑𝑦𝑧, 𝑑𝑥𝑧 = 𝑡2𝑔

A.O. of CMI

𝑡1𝑢
∗

𝑎1𝑔
𝑏

𝑒𝑔𝑏

𝑒𝑔∗

𝑎1𝑔
∗

𝑡2𝑔
𝑁

𝑡1𝑢
𝑏

∆𝑜{𝐶𝐹𝑆𝐸)



𝐸𝑡2𝑔 > 𝐸𝑝𝜋∗
𝐸𝑡2𝑔 < 𝐸𝑝𝜋∗

∆𝑜
∆𝑜

∆𝑜

Ligand LigandMetal Metal

 -bonding in Oh Complex

𝑝𝜋
∗

𝑝𝜋
∗

𝑒𝑔∗

𝑡2𝑔
𝑁

𝑒𝑔∗

𝑡2𝑔
𝑁

𝑡2𝑔
𝑁

𝑒𝑔∗

Week ligandStrong ligand

Empty orbital

Field orbital

Back donation/strong pi bonding
Week pi bonding



Spectrochemical series 



M.O.
A.O. of Legends

𝑛𝑆 = 𝑎1𝑔

𝑛𝑃 = 𝑃𝑥, 𝑃𝑦 , 𝑃𝑧 = 𝑡1𝑢

𝑛 − 1 𝑑 =(𝑑𝑥2−𝑦2 , 𝑑𝑧2) = 𝑒𝑔

𝑛 − 1 𝑑 =

𝑑𝑥𝑦, 𝑑𝑦𝑧, 𝑑𝑥𝑧 = 𝑡2𝑔

A.O. of CMI

𝑡1𝑢
∗

𝑎1𝑔
𝑏

𝑒𝑔𝑏

𝑒𝑔∗

𝑎1𝑔
∗

𝑡2𝑔
𝑁

𝑡1𝑢
𝑏

∆𝑜{𝐶𝐹𝑆𝐸)High value

N=0

Dipole moment =0 
nature of complex is diamagnetic 



M.O.
A.O. of Legends

𝑛𝑆 = 𝑎1𝑔

𝑛𝑃 = 𝑃𝑥, 𝑃𝑦 , 𝑃𝑧 = 𝑡1𝑢

𝑛 − 1 𝑑 =(𝑑𝑥2−𝑦2 , 𝑑𝑧2) = 𝑒𝑔

𝑛 − 1 𝑑 =

𝑑𝑥𝑦, 𝑑𝑦𝑧, 𝑑𝑥𝑧 = 𝑡2𝑔

A.O. of Co+3 

𝑡1𝑢
∗

𝑎1𝑔
𝑏

𝑒𝑔𝑏

𝑒𝑔∗

𝑎1𝑔
∗

𝑡2𝑔
𝑁

𝑡1𝑢
𝑏

∆𝑜{𝐶𝐹𝑆𝐸)Law value

N=4

Dipole moment > 0 
nature of complex is Paramagnetic 
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