Molecular Geometry and the VSEPR Model
Lewis structures are a convenient two-dimensional representation of covalent molecules, which show how valence electrons are used in bonding as well as the presence of any nonbonded electron pairs. Lewis structures do not show the three-dimensional shape of a molecule, however. To determine molecular geometry, the three-dimensional structure of a covalent compound, we must consider the spatial relationship among the bonds and unshared pairs of a central atom. 
Molecular geometry can be predicted using the Valence-Shell Electron Pair Repulsion Theory (VSEPR Theory), which says that the best arrangement of electron groups (bonds and unshared pairs) around an atom is the one that minimizes the repulsions among them. In other words, electron groups will arrange themselves as far apart from one another as possible.
The arrangement of electron groups around a central atom is called the electron-group geometry. We can use this geometry to predict bond angles in a molecule and to determine the molecular geometry, or the arrangement of bonded atoms in space. The electron-group and molecular geometries for central atoms with 2-6 electron groups are listed in Table 1.
Table 1. Electron-group and Molecular Geometries 

	Number of Electron Groups
	Electron-Group Geometry
	Bond Angles
	Bonding Groups
	Unshared Pairs
	Molecular Geometry
	Example

	2
	Linear
	180°
	2
	0
	Linear
	CO2

	3
	Trigonal planar
	120°
	3
	0
	Trigonal planar
	BF3

	
	
	
	2
	1
	Bent
	NO2-

	4
	Tetrahedral
	109°
	4
	0
	Tetrahedral
	CCl4

	
	
	
	3
	1
	Trigonal pyramidal
	NH3

	
	
	
	2
	2
	Bent
	H2O

	5
	Trigonal bipyramidal
	120° and 90°
	5
	0
	Trigonal bipyramidal
	PCl5

	
	
	
	4
	1
	Seesaw
	SF4

	
	
	
	3
	2
	T-shaped
	ClF3

	
	
	
	2
	3
	Linear
	XeF2

	6
	Octahedral
	90°
	6
	0
	Octahedral
	SF6

	
	
	
	5
	1
	Square pyramidal
	BrF5

	
	
	
	4
	2
	Square planar
	XeF4


Procedure: 
1. Draw a Lewis structure for each of the molecules or ions listed on the report sheet
2. Use the Lewis structure to determine the total number of electron groups and the electron-group geometry.

3. Predict bond angles based on electron-group geometry.

4. Predict the molecular geometry of each molecule.

5. Using the provided molecular model set, construct a model of each molecule or ion. Start by choosing a colored sphere for the central atom. Make sure the number of holes in the sphere corresponds to the total number of electron groups in your molecule. The gray pear-shaped parts represent covalent bonds (single, double, or triple). Use these to connect the central atom to the surrounding atoms (small green or white spheres). The large brown spheres represent unshared pairs. Attach these to the central atom using the white connectors. See Figure 1.
6. Sketch the structure of each molecule or ion. 
7. Use the molecular geometry to determine if the molecule is polar or nonpolar.

8. Submit your report sheet to your instructor before leaving the laboratory.
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Figure 1. Parts of the Molecular Model Kit
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