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Lewis Structures and Molecular Geometry 
 

When nonmetallic elements react to produce chemical compounds, they do so by 
forming covalent bonds, which lead to molecules. In this exercise, you will be studying 
the structures of molecules. The structures of molecules are extremely important in 
nature and a minor change in the structure of a molecule can have a dramatic effect on 
its properties. The simple water molecule, H2O, consists of an oxygen atom attached to 
two hydrogen atoms. There are two possibilities for the structure of the water molecule, 
linear or bent. The two structures are shown below. 

          or           

      linear                               bent 

 

The bent molecule, which is the true structure of water, boils at a temperature 
of 100 °C.  The linear version, if it were to exist, would boil at a much lower 
temperature, making it a gas at room temperature, and life as we know it could not 
exist. 

How do we go about predicting the true structure of molecules? The method we 
will use is called the Valence Shell Electron Pair Repulsion Theory, or VSEPR for short. 
Because negative electrons repel each other, the electron groups around an atom 
arrange themselves to stay as far apart as possible. Let's look at the water molecule 
more closely and see if we can deduce why the bent shape is preferred. 

The shape of a molecule is determined only by atoms in the interior of the 
molecule, not by the atoms on the outside. In water, oxygen is the central atom, and the 
electron groups around it determine the shape. The Lewis structure of the water 
molecule shows two O-H covalent bonds and two lone pairs. 

 
Because the four electron groups repel one another, they arrange themselves to 

stay as far apart as possible. Geometrically, the best arrangement of the four pairs is in 
the shape of a tetrahedron. 
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The image below shows three ways to represent the molecular geometry.  

 
In this laboratory exercise, you will be given a series of chemical formulas and 

asked to draw a reasonable Lewis structure for each. Each of the atoms in your Lewis 
structure will have its most common bonding pattern. See the table below.  
 
Table:  Most Common Bonding Patterns for the Nonmetallic Elements  

 
Group 14 Group 15 Group 16 Group 17 

4 
bonds 

No lone 
pairs 

3 
bonds 

1 lone pair 2 
bonds 

2 lone pairs 1 bond 3 lone pairs 

carbon - C nitrogen- N oxygen - O fluorine - F 
 phosphorus - P sulfur - S chlorine - Cl 
  selenium - Se bromine – Br 
   iodine - I 

 
You will then use the Lewis structure to draw a geometric sketch of the 

molecule, including bond angles. You will predict the molecular geometry of each 
molecule by first counting the number of electron groups around the central atom. An 
electron group is either a single bond, a double bond (which counts as one group), a 
triple bond (which also counts as one group), or a lone pair. If there are four electron 
groups attached to the central atom, the geometry will be tetrahedral. A total of three 
electron groups leads to a trigonal planar arrangment, and two electron groups 
produces a linear arrangement.    

 

                                            
 tetrahedral                     trigonal planar                            linear 

 
To help you visualize these shapes, go to the following webpage, click on each link, and 
manipulate the images using the instructions below each image.  
 
https://preparatorychemistry.com/Bishop_Jmol_molecular_geometry.htm 
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Name  ___________________________________ 
 
 

Molecular Model Building Exercises   

Complete the following table by first drawing a Lewis structure and geometric sketch for 
each formula. The first one has been completed as an example.  

Chemical formula Lewis structure Geometric sketch, including 
bond angles  

 

CH4 

  

OCl2 

  

NCl3 

  

CO2 

  

CH2O 
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Chemical formula Lewis structure Geometric sketch, including 
bond angles 

HNO 

  

C2H6 

  

C2H4 

  

C2H2 

  

 


