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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Atomic Orbitals 

 

 

 

Notes 

 

 

 

 

 

 

 

 
  

s orbitals are spherical

p orbitals are hourglass-shaped
There are three p orbitals in each shell;
One on each of the axes (x, y, and z)

l 0 1 2 3 4 5

Name s p d f g h

Shapes
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Hybrid Orbitals 
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 The sp-Hybridized Atom 
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 The sp2-Hybridized Atom 
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 The sp3-Hybridized Atom 
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Sigma () and Pi () Bonds 
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In the vast majority of examples in introductory organic, the hybrid orbitals
will form sigma bonds or will be filled by a lone pair of electrons, and any pi 
bonds will be made by p orbitals not hybridized into sp, sp2, or sp3 orbitals…

A sigma () bond is one in which the electrons making the bond are 
between the two nuclei joined by the bond:

A pi () bond is one in which the electrons lie above and below the line 
between the two nuclei which are joined by the bond:
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Hybridization and Potential for Bonding 
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Bonding in Ethane (C2H6) 
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Bonding in Ethylene (C2H4) 

 

 

 

Notes 

 

 

 

 

 

 

 

 

We have a pi orbital left over on 
each carbon, each with one 
electron. These two orbitals 
overlap to form a pi bond, so 
ethylene’s line-bond structure is:
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 Bonding in Acetylene (C2H2) 

 

 

 

Notes 

 

 

 

 

 

 

 
  

Each of the two sp-hybridized 
carbon atoms has two p
orbitals left unhybridized, so 
there will be two pi bonds 
formed between the carbon 
atoms, yielding acetylene’s 
line-bond structure:

C C HH
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Lecture Topic I.6: Hybridization, Sigma and Pi Bonds, Lone Pairs and Bond Geometry 

 The Influence of Hybridization on Electronegativity 

 

 

Notes 

 

 

 

 

 

 

 
  

An orbital that has more
has a greater pull on electrons. 

So, the electronegativity trend is:

An sp hybridized C atom has about the same electronegativity as an 
sp3-hybridized N atom

Electronegativity is how strongly an atom holds its electrons in a bond. 
How strongly electrons are held depends on the orbital that holds the 
electrons:

Electron’s Attraction for nucleus

More “s-character”A

B

2p sp3 sp2 sp 2s




