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An important part of this exercise involves identifying the 3-dimensional shapes of
molecules. (Molecular shapes are discussed in the text in Chapter 3.) Molecules have
certain shapes depending on their component atoms and the ways in which they are bonded
to each other. The important shapes encountered in this exercise are linear, bent,
triangular, pyramidal, or tetrahedral. Several factors contribute to determining molecular
shape: (1) Electron pairs (both shared and unshared) try to keep as far away from each
other as possible, while still remaining “attached” to atoms. (After all, they are all
negatively charged and electrical charges of the same type will repel each other.) (2)
Electron pairs tend to be symmetrically arranged around each atom in a 3-dimensiional
manner. (3) Electron pairs not involved in the bonding (“unshared pairs” or “lone pairs”)
are as important as bonding electron pairs (shared pairs) in determining the overall
molecular shape and arrangement of atoms.

MODEL BUILDING BASICS

Molecular model kits vary; therefore, your instructor will explain the particular models tha
you will use. The kit probably contains balls (used for atoms), sticks (for single bonds and
unshared electron pairs), and springs or curved sticks (for double and triple bonds). Each
stick or spring represents two electrons. Hydrogen atoms are usually represented by small
light-colored balls (yellow, white, or pale blue) that have only one hole. The color code for
other atoms will vary. A common set of colors is shown in the table on the next page.

Note: there is one disadvantage to using the colored balls provided by most model sets.
They usually have only enough holes for the correct number of bond pairs and therefore
you will not be able to see the unshared electron pairs. An alternative approach is to use
balls with 4 holes for all atoms other than hydrogen, so that the octet (4 pairs of electrons)
will always be visible.

Typical Color Code for Molecular Model Sets

Atom Color

Hydrogen White

Carbon Black

Nitrogen Blue

Oxygen i Red

Fluorine Green

Chlorine Purple or Orange
Sulfur Blue
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THE ASSIGNMENT

Each pair of students should have a model kit. First, get acquainted with the
components of the kit. Note the holes in the various colored balls and their positions. I
there are two lengths of sticks, the shorter gray ones are for single bonds. The longer,
flexible gray ones are for double and triple bonds. (Don’t use the short white ones.)
Before building your models, complete the columns “Total Outer Electrons” and
“Lewis Structure” in the data sheet. (HINT: You’ll need to refer to a Periodic Table.)
Build models for each of the molecules listed on the data sheet.
a. Gather the kind and number of atoms required. (For example, to make the
CH,4 molecule you will need one black ball and four white ones.)
b. To determine how many sticks (pairs of electrons) you will need, refer to
your Lewis structure and notice if the bonds are single, double, or triple.
¢. Assemble the model by connecting the balls and sticks to match the
arrangement in your Lewis structure.
Use the models to fill in the information in the last column “Geometry”. You should
take time to think about (and write down in words and a diagram) the shape of each
molecule before proceeding to the next one. If you have questions, ask your instructor
or teaching assistant for help.
Save each model for reference (until you’ve completed the assignment.) When you’re
done with them, dissemble the models and return the pieces to the kit.

Questions to be Answered After Completing the Models

1:

2.

The tetrahedral shape is one of the most fundamental shapes in chemical
compounds. How would you describe it in words to someone who has not seen it?
The “octet” rule appears to be a very important rule governing the structures of
molecules. In light of your work with models, provide a simple explanation for the
importance of 8 electrons.

Explain in your own words why non-bonded electron pairs help determine the
shapes of molecules.

Do all of the assigned molecules obey the octet rule? If not, why (or in what way)
did the octet rule fail?

As a test of what you have learned, predict the shapes of (a) NF; (b) HS (c) CL,0.
Models do not necessarily have to be physical objects. They can be 2-dimensional
drawings or even mental constracts. Cite one or more examples of such models
encountered outside of chemistry. Can you think of models that are used in your
own field of study or that you will use in vyour future career?
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Data Sheet- Molecular Models

Total Outer Lewis Structure Geometry of the Atoms*
Electrons (Sketch structural formula)

Methane -

Ammonia
NH;

Water
H,0

Oxygen
0,

Nitrogen
N

Carbon Dioxide
CO,

Ozone
0O;

* Linear, bent, triangular, pyramidal, or tetrahedral
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Data Sheet- Molecular Models (cont.)

Molecule

Total Outer
Electrons

Lewis Structure

Geometry of the Atoms
(Sketch structural formula)

CFC-12
CF,Cl,

CFC-22
CHF,Cl1

Sulfur Dioxide
SOz

Carbon
Monoxide
(60)

Nitric Oxide
NO

Nitrogen
Dioxide
NO,

Formaldehyde
CH,O

N





