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Molecular Geometry

VSEPR

http://intro.chem.okstate.edu/1314F00/Lecture/Chapter10/VSEPR.html
Purpose:  To examine the molecular shapes predicted by various theories of bonding by constructing models of selected molecules.
At this point we are ready to explore the three dimensional structure of simple molecular (covalent) compounds and polyatomic ions. We will use a model called the Valence Shell Electron-Pair Repulsion (VSEPR) model that is based on the repulsive behavior of electron-pairs. This model is fairly powerful in its predictive capacity. To use the model we will have to memorize a collection of information. 

The table below contains several columns. We already have a concept of bonding pair of electrons and non-bonding pairs of electrons. Bonding pairs of electrons are those electrons shared by the central atom and any atom to which it is bonded. Non-bonding pairs of electrons are those pairs of electrons on an individual atom that are not shared with another atom. In the table below the term bonding groups (second from the left column) is used in the column for the bonding pair of electrons. Group is a more generic term. Group is used when a central atom has two terminal atoms bonded by single bonds and a terminal atom bonded with two pairs of electrons (a double bond). In this case there are three groups of electrons around the central atom and the molecular geometry of the molecule is defined accordingly. The term electron-pair geometry is the name of the geometry of the electron-pairs on the central atom, whether they are bonding or non-bonding. Molecular geometry is the name of the geometry used to describe the shape of a molecule. The electron-pair geometry provides a guide to the bond angles of between a terminal-central-terminal atom in a compound. The molecular geometry is the shape of the molecule. So when asked to describe the shape of a molecule we must respond with a molecular geometry. If asked for the electron-pair geometry on the central atom we must respond with the electron-pair geometry. Notice that there are several examples with the same electron-pair geometry, but different molecular geometries. You should note that to determine the shape (molecular geometry) of a molecule you must write the Lewis structure and determine the number of bonding groups of electrons and the number of non-bonding pairs of electrons on the central atom, then use the associated name for that shape.
The table below summarizes the molecular and electron-pair geometries for different combinations of bonding groups and nonbonding pairs of electrons on the central atom.

	# of lone pair electrons on 'central' atom
	# of bonding groups (pair electrons) on 'central' atom
	
Electron-pair Geometry
	
Molecular Geometry
	
Bond
Angle

	0
	2
	linear
	linear
	180

	0
	3
	trigonal planar
	trigonal planar
	120

	1
	2
	trigonal planar
	bent
	less than 120

	0
	4
	tetrahedral
	tetrahedral
	109.5

	1
	3
	tetrahedral
	trigonal pyramidal
	less than 109.5

	2
	2
	tetrahedral
	bent
	less than 109.5

	0
	5
	trigonal bipyramidal
	trigonal bipyramidal
	90, 120 and 180

	1
	4
	trigonal bipyramidal
	seesaw
	90, 120 and 180

	2
	3
	trigonal bipyramidal
	T-shaped
	90 and 180

	3
	2
	trigonal bipyramidal
	linear
	180

	0
	6
	octahedral
	octahedral
	90 and 180

	1
	5
	octahedral
	square pyramidal
	90 and 180

	2
	4
	octahedral
	square planar
	90 and 180


Part 1: Lewis Dot Diagrams

In determining the structure of a molecule, one of the first steps we will use is drawing the electron-dot diagram.  Draw the electron-dot diagram for the following molecules and state whether the BONDS in each are polar or non-polar.

	
	Dot Diagram
	# of lone pairs of electrons
	# of shared pairs of electrons
	Polar
or
non-polar

BONDS

	BH3


	
	
	
	

	CH4


	
	
	
	

	PF5


	
	
	
	

	PCl3


	
	
	
	

	H2O


	
	
	
	

	SO4-2


	
	
	
	


Part 2: Models

Using models, construct each of the molecules from the previous page.  Keeping in mind that some of these molecules have electrons in non-bonding orbitals (lone pairs of electrons) sketch each molecular shape next to your explanation and name it. For each molecule you have constructed, decide if the shape is symmetrical or asymmetrical and then determine if the MOLECULE is polar or non-polar.
	
	Sketch of shape
	Name of Shape
	Symmetrical

Y or N
	Polar molecule

Y or N

	BH3


	
	
	
	

	CH4


	
	
	
	

	PF5


	
	
	
	

	PCl3


	
	
	
	

	H2O


	
	
	
	

	SO4-2


	
	
	
	


Part 3:  Try These

	
	Dot Diagram
	# of lone pairs of electrons
	# of shared pairs of electrons
	Polar 

or 

non-polar

BONDS

	IF3


	
	
	
	

	KrCl4


	
	
	
	

	SeI4


	
	
	
	

	ClF5


	
	
	
	


	
	Sketch of shape
	Name of Shape
	Symmetrical

Y or N
	Polar molecule

Y or N

	IF3


	
	
	
	

	KrCl4


	
	
	
	

	SeI4


	
	
	
	

	ClF5


	
	
	
	


