
Molecular Orbital Theory (MOT) 

Ψ – represents an atomic or molecular orbital wavefunction 
 
N- normalization constant 
c – coefficient of wavefnction  



s-s overlap 

Overlap of atomic orbitals 



View of overlap of the wavefunctions of the valence AO 
(1s) 



s-p mixing 
 



p-p head-on overlap 



p-p lateral overlap 



p-d mixing 



S-S overlap  to form BMO and ABMO 



Energy profile of the BMO and ABMO 



Some of the restricted (or) forbidden overlap 



Radial distribution function (RDF) of 1s, 2s and 3s 
electrons 



RDF Radial Nodes 
Wave functions of 1s, 3s, 3p and 
3d orbitals or electrons 



Construction of MO 
No. of AO combined = No. of MO formed 
The MO will have the AO character which is close in energy to that MO 



MO of homonuclear diatomic molecules of 2nd row elements 



Effect of s-p mixing 



2nd row elements 

E 



Zeff of 2nd and 3rd row elements 



CO, NO, 
HF 

Heteronuclear 
diatomic molecules 

No. of AO combined = No. of MO formed 
The MO will have the AO character which is 
close in energy to that MO 



CO 



HF 





Coordination 
Chemistry 



Topics of Discussion 

• Coordination number and geometry 
 

• Isomerism in coordination complexes 
 

• Crystal field theory (CFT) and Magnetism 

 



Co. No. and Geometries 



CO. No. 4 



CO. No. 6 

CO. No. 5 

[Ni(CN)5]3−, [VO(acac)2]  

Trigonal 
Bipyramidal 
(TBP) 

Square 
Planar (SP) 

TBP 



CO. No. 7 

CO. No. 8 
c 

Less common More common 

Square antiprismatic Trigonal dodecahedral 

Less common More common 



CO. No. 9 





Structural isomerism in coordination complexes 

Ionization isomerism 

Solvate isomerism 

Coordination isomerism 

Structural isomers have same molecular formula but the connectivities between the 
atoms in a molecule are different 



Linkage isomerism 



Stereoisomerism 

Stereoisomers have 
• Same molecular formula 
• Connectivity or bonding between the 

atoms in a molecule are same 
• Different spatial orientations of atoms or 

group of atoms in a molecule 

They are classified into chiral and 
achiral stereoisomers 
• Chiral isomers are optically active 
• Achiral isomers are optically inactive 

Conditions for a molecule to be chiral 
• It should not have plane of 

symmetry  
• It can have molecular plane of 

symmetry 
• It should not have inversion 

symmetry, i (S2 = C2σh = i) and also 
any other Sn axis of symmetry 

 

Optically inactive 
stereoisomers 





Co(en)3 



Spatial orientation of d-orbitals 





CFT- Crystal Field Theory 



Assumptions of CFT  

• Both the metal atom/ion and the ligands are considered as 
point charges 

 
• Interaction between the M and L is purely electrostatic 



Splitting of d-orbital in octahedral field 



Splitting of d-orbital in tetrahedral field 





Splitting of d orbitals and their energies in different 
ligand field geometries 






