Covalent Bonding Notes: VSEPR, Hybridization and Geometry
1. VSEPR = Valence Shell Electron Pair Repulsion Theory

a. Three postulates

i. Valence electrons are involved in bonding

ii. Lone electron pairs and shared electron pairs on the central atom repel each other
iii. Lone pairs repel more than shared pairs
1. notice the shapes with tetrahedral electron arrangements

a. trigonal planar has a bond angle of 107( rather than 109.5( because the lone pair repels the bonding pairs more than they repel each other

b. Based on the Lewis structures the shape of the molecule can be determined

i. the shape is based on the location of the nuclei in a molecule

1. So double and triple bonds count as one shared pair when determining the shape of the molecule

ii. locate the shared pairs and lone pairs on the central atom

iii. Determine the shape based on the following chart

	Electron Arrangment
	Formula
	Hybrid-ization
	Bonding Pairs
	Lone Pairs
	Shape
	Bond Angle

	Linear
	AX or AX2
	sp
	n/a
	n/a
	Linear
	180(

	Trigonal Planar
	AX3
	sp2
	3
	0
	Trigonal planar
	120(

	
	
	
	2
	1
	Bent
	120(

	Tetrahedral
	AX4
	sp3
	4
	0
	Tetrahedral
	109.5(

	
	
	
	3
	1
	Trigonal pyramidal
	107(

	
	
	
	2
	2
	Bent
	104(

	Trigonal Bipyramidal
	AX5
	dsp3
	5
	0
	Trigonal Bipyramidal
	120( and 

90 (

	
	
	
	4
	1
	See-saw
	<120( and 

90 (

	
	
	
	3
	2
	T-shaped
	90 (

	
	
	
	2
	3
	Linear
	180 (

	Octahedral
	AX6
	d2sp3
	6
	0
	Octahedral
	90 (

	
	
	
	5
	1
	Square pyramidal
	90 (

	
	
	
	4
	2
	Square planar
	90 (


2. Hybridization
a. For a long time no one understood how atoms with their s, p, and d orbitals could bond in such a way to make the shapes above.  

i. For example, since p orbitals are all at right angles to each other, how does a bond angle of 120( occur?

b. Specifically,carbon was a problem

i. Carbon’s orbital diagram: 


[image: image1]
ii. Carbon was known to make 4 bonds with hydrogen and all the bonds had equal strength.   Given their orbital diagrams, how it is impossible to see how carbon can make 4 bonds…it looks like it can only make 2 because it only has two unpaired electrons.
iii. It was also known carbon based molecules had a tetrahedral shape (bond angle 109.5() but the p-orbitals of the carbon atom are at 90( from each other…
c. A new model of bonding was invented by Linus Pauling 
i. Remember that atomic orbitals were inventions of the quantum mechanical model which treated electrons as waves rather than particles.   The Schroedinger wave equation described the electrons and was used to predict the shape of the atomic orbitals.
ii. Linus Pauling used a similar process – he reasoned that new wave equations were needed to describe bonding electrons.  This new wave equation results in new orbitals – hybrid orbitals.  

iii. The sublevels of an atom’s outershell recombine into new orbitals with different shapes and angles.  

1. sp hybridization 
a. mixture of 1 s-orbital and 1 p-orbital 
b. results in 2 degenerate (same energy/equivalent) orbitals 
c. at angles of 180( from one another

d. linear shape

2. sp2 hybridization 
a. mixture of 1 s-orbital and 2 p-orbitals 
b. result in 3 degenerate orbitals 
c. at angles of 120( from one another

d. trigonal planar shape

3. sp3 hybridization 
a. mixture of 1 s-orbital and 3 p-orbitals 
b. result in 4 degenerate orbitals 
c. at angles of 109.5( from one another

d. tetrahedral shape

e. Carbon is an example of an atom that does this


[image: image2]
f. now it is easier to imagine how carbon can make four bonds with carbon

4. dsp3 hybridization 
a. mixture of 1 s-orbital, 3 p-orbitals and 1 d-orbital 
b. results in 5 degenerate orbitals 
c. some at angles of 120( from one another in a plane and 2 at 90( from the plane

d. trigonal bipyramidal shape

5. d2sp3 hybridization 
a. mixture of 1 s-orbital, 3 p-orbitals and 2 d-orbitals 
b. results in 6 degenerate orbitals 
c. at angles of 90( from one another

d. octahedral shape
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