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Chapter 7

Chapter 7: Chemical Bonds

7B:  The Geometry of Molecules

Key Question: How do molecules form in three 
dimensions?

In this Investigation, students apply their knowledge of Lewis Structures to build
molecules. The use of molecular models shows students first hand what geometric shape
is formed. It is very helpful for students to associate a three dimensional shape with a
bonding pattern shown by a Lewis Structure. Students will also learn how the bonding
pattern of the central atom dictates the molecule’s geometry. In this activity, students will
gain some experience with three-dimensional structures, which will set them up to better
understand chemical behavior.

Questions and goals

Main Questions • Are molecules flat?
• What does a Lewis Structure tell us about molecular shape?
• What do are some common 3 -D molecular shapes?

Learning
Goals

By the end of the Investigation, students will be able to:
• Understand that molecules are actually three-dimensional.
• Make a molecular model from a Lewis Structure.
• Associate a 3-D shape with a simple Lewis Structure.
• Understand that lone pairs on the central atom are important to the shape of a 

molecule.

Key Vocabulary Lewis Dot structure, covalent bond, VSEPR, region of electron density, lone
pair, trigonal planar, tetrahedral, tetrahedron, trigonal pyramidal, bent

Reading Summary

Students read section 7.3 (Molecular Geometry 
and Lewis Dot Structures) before performing 
the Investigation.

A Lewis structure is a flat representation of how atoms
are connected to one another. Double and triple bonds
can form between atoms that share electrons. These
multiple bonds form when individual unpaired
electrons remain on atoms. Lewis Dot structures can
be used to predict the 3-D shapes of simple molecules.
A theory known as VSEPR (Valence Shell Electron
Pair Repulsion) is used to help predict the bond angles
between atoms. The geometry or 3-D shape is dictated
by electron pair repulsions in bonds and in lone pairs.
An area of electron density is associated with shared
or unshared pairs of electrons around atoms in a
molecule. Two areas of electron density creates a
linear molecule, three areas of electron density creates
a trigonal planar geometry, and four areas of electron
density describes a tetrahedral shape. Molecules with
four areas can have different shapes (trigonal,
pyramidal and bent) depending upon the number of
bonding and lone pairs around the central atom.







146

Investigation page   Sample answers 

7 B: The Geometry of Molecules

Example Answers
1a. Tellurium (TeH2) and selenium (SeH2)
1b. Note: Silicon does not form a linear molecule with oxygen or 

sulfur. Other linear molecules would be HCN, CO and BeCl2. 
Have them write the Lewis Structures for these examples.

2a. NH3 is trigonal pyramidal in shape. The lone pair on the 
nitrogen occupies space around the nitrogen, yielding 4 regions 
of electron density, not 3.

2b. CH2O (formaldehyde) is trigonal planar due to the double bond 
between carbon and oxygen. The Lewis Structure and 
molecular model both show three bonding pairs (count the 
double bond as one entity), reflecting three regions of electron 
density.

2c. Variety of responses here: For trigonal planar boron forms 
BH3, and for trigonal pyramidal phosphorous forms PH3.
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Hydrogen and carbon molecules

Discuss with the students carbon’s 
ability to form single and multiple 
bonds.

3 First, it is important to understand that carbon forms mainly covalent compounds. In that category it 
can form polyatomic ions, such as CO3

2-. However, carbon does not lose electrons. It gains them to 
complete its outer shell. At the introductory level this is the behavior to focus on. Carbon can form 
many unique shapes due to its ability to make four bonds.

Build the four molecules shown in part 3 of your investigation. Do this as a group and pass the molecules 
around for each member to see.

Answering the questions will help the students to characterize each molecule and bonding pattern. 
Because the pictures are shown, it will be obvious which has a ring structure. However, the pictures 
will not allow the students to tell which molecules are planar. Students should investigate bond angles 
to see that they help to describe the shape as well. Acetylene, ethylene and benzene are all planar. It is 
helpful to show the students how a sheet of paper defines a plane. Use this analogy to show them how 
an imaginary piece of paper would touch each atom that lies within a plane.

Nitrogen and oxygen molecules

Here students will study slightly larger 
molecules containing N and O as well 
as C and H. Within each molecule 
students will be able to observe bent, 
trigonal, and tetrahedral shapes.

4 Build the molecules shown in part 4 of the investigation. Look carefully around each central atom to see if 
you can identify what the shape is. The shapes will either be bent, trigonal pyramidal, trigonal planar, lin-
ear or tetrahedral.

It is helpful to show the students an example here with a different molecule, such as acetic acid 
(CH3COOH) or methyl amine (CH3NH2), and explain to the students how they can look around one 
central atom to determine its geometry. It can be confusing for students when they look at the “whole” 
molecule at once. Show them how to look at a section of the molecule at a time.

What molecules have a tetragonal form? What element is central to this form?
Each molecule shown has a tetragonal form around one of the carbons in the molecule.

What molecules have trigonal form?
Methyl amine and alanine contain sections that are trigonal. Methyl amine is trigonal pyramidal around 
nitrogen. Alanine is trigonal planar on the end where two oxygen atoms are attached, because it has 
three regions of electron density there. Alanine is also trigonal pyramidal around the nitrogen, where 
there is a lone pair and three bonding pairs.

Can you explain what is similar between ethanol and methanol?
Both molecules have the characteristic -O-H group attached to the carbon chain.

Molecules that contain NH2 are referred to as amines. Can you identify them?
Methyl amine and the amino acid alanine contain amino groups.
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Teaching tips

This investigation is designed to show students that molecules are three dimensional.
Once they learn how to sketch a proper Lewis Structure, the next step is for them to
understand that the structure they have made is actually three-dimensional. Some
students can picture three-dimensionality in their minds quite easily, while most need to
see it displayed. After students have gained some familiarity with the different
geometries, many can understand what each represents much more easily. We want
students to get to the point where they can look at a Lewis Structure and imagine how it
looks in three dimensions. The VSEPR theory is very important in helping them to do
this. Students have to know the number of bonding pairs and the number of lone pairs
around a central atom to have a sense of what geometric shape is formed. VSEPR also
discusses the strength of the repulsion between bonding pairs and between lone pairs, as
well as between bonding and lone pairs. These repulsions affect the actual bond angles in
a molecule.
This exercise allows students to visualize the shapes assumed by molecules and to
recognize these shapes in portions of larger molecules. Here we focus on basic shapes up
to a tetrahedron. These will give students a solid foundation to understand molecular
structure, which is critical to their understanding of molecular function.

Example Answers
3a. Ethylene (C2H2), acetylene (C2H2) and benzene (C6H6) are all 

planar.
3b. Acetylene (C2H2) is linear.
3c. Methane (CH4) is a tetrahedron (tetrahedral shape).
3d. Benzene (C6H6) is a ring.
4a. Each molecule shown contains a tetragonal (or tetrahedral) 

form - specifically around the first central carbon atom at the 
beginning of each molecule.

4b. Methyl amine and alanine both contain a trigonal form. Each of 
these molecules has a trigonal pyramidal form with nitrogen as 
the central atom. Nitrogen contains a lone pair and three 
bonding pairs, yielding a trigonal pyramid. Alanine contains a 
trigonal planar section at the end where carbon is bonded to 
two oxygens.

4c. Methanol and ethanol both contain an O-H attached to a carbon 
atom.

4d. Methyl amine and alanine are amines.


