
10.6-7: Valence Bond Theory!
Theories of covalent bonding:!

1)  Valence Bond theory – Linus Pauling!
2)  Molecular Orbital theory!

Valence Bond theory: covalent bonds are formed from 
the overlap of partially filled atomic orbitals.!
e.g. H2:!

Hydrogen, H2!



Figure 10.6!



Orbital Overlap in Diatomic Molecules 

Hydrogen fluoride, HF!

Fluorine, F2!



Bonding in Methane!
•  Atomic orbitals (other than s) have a direction. !
•  There are some bond angles predicted by VSEPR that do 

not match the angles of atomic orbitals:!



Hybrid Orbitals!
•  Pauling explained observed bond angles by the use of 

hybrid orbitals, mixtures of different types of atomic 
orbitals.!

•  A certain number of atomic orbitals can combine to make 
the same number of hybrid orbitals.!

•  The type of hybrid orbitals used by a central atom depends 
on its geometry.!



sp Hybridization!

•  If the geometry is linear, the central atom is sp hybridized.!



Figure 10.10!



sp2 Hybridization!
•  In trigonal planar geometry, the s orbital on the central 

atom mixes with two of the p orbitals to give three  
sp2 hybrid orbitals.!

•  One p orbital remains unhybridized.!



Figure 10.8!



sp3 Hybridization!
•  In tetrahedral molecules, the s orbital on the central atom 

mixes with all three p orbitals to give four sp3 hybrid 
orbitals, which can adopt the angles of 109.5° according 
to VSEPR.!



Figure 10.7!



The sp3 Hybrid Orbitals in CH4!



•  The hybridization of the central atom depends on the 
electron geometry.!



The sp3 Hybrid Orbitals in NH3!

•  Lone pairs are contained in hybrid orbitals also:!

trigonal pyramidal molecular geometry!
tetrahedral electron geometry!



Bonding in Ethane!
•  Ethane, C2H6 has a C–C single bond:!

•  The sp3 hybrid orbitals on each carbon overlap end-to-end. !
•  This is called a σ (sigma) bond:!



σ and π Bonds!
•  p orbitals can also overlap side-to side. This is called 

a π (pi) bond.!
•  Summary: covalent bonds can be classified into two 

types, depending on how the orbitals overlap:!
1)  σ bonds – end-to-end overlap!
2)  π bonds – side-to-side overlap!

•  σ bonds have the most electron density along the bond 
axis. !

•  π bonds have electron density above and below the 
bond axis.!

•  Single bonds are always σ bonds.!
•  π bonds are found in double and triple bonds.!



σ and π Bonds!Figure 10.9!



Bonding in Ethylene!
•  Ethylene, C2H4 has a C=C double bond:!

•  The carbons are sp2 hybridized. The sp2 orbitals on each 
carbon overlap to give a σ bond.!

•  The second bond of the double bond comes from a side-to-
side overlap of the unhybridized p orbitals.!



A Double Bond!



A Triple Bond!

•  The carbons are sp hybridized. The sp orbitals on each 
carbon overlap to give a σ bond.!

•  Two unhybridized p orbitals on each carbon overlap to give 
two π bonds.!



Summary of Single, Double and Triple Bonds!

•  σ bonds can result from the overlap of hybrid orbitals or 
unhybridized atomic orbitals. !

•  π bonds are always formed by the overlap of p orbitals 
(not hybrids).!

Type of Bond! # of σ Bonds! # of π Bonds!

Single!
Double!
Triple!


