
Exceptions to the Octet Rule

Ck12 Science

Say Thanks to the Authors
Click http://www.ck12.org/saythanks

(No sign in required)

http://www.ck12.org/saythanks


To access a customizable version of this book, as well as other
interactive content, visit www.ck12.org

CK-12 Foundation is a non-profit organization with a mission to
reduce the cost of textbook materials for the K-12 market both in
the U.S. and worldwide. Using an open-source, collaborative, and
web-based compilation model, CK-12 pioneers and promotes the
creation and distribution of high-quality, adaptive online textbooks
that can be mixed, modified and printed (i.e., the FlexBook®
textbooks).

Copyright © 2016 CK-12 Foundation, www.ck12.org

The names “CK-12” and “CK12” and associated logos and the
terms “FlexBook®” and “FlexBook Platform®” (collectively
“CK-12 Marks”) are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and international
laws.

Any form of reproduction of this book in any format or medium,
in whole or in sections must include the referral attribution link
http://www.ck12.org/saythanks (placed in a visible location) in
addition to the following terms.

Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the Creative Commons Attribution-Non-Commercial 3.0
Unported (CC BY-NC 3.0) License (http://creativecommons.org/
licenses/by-nc/3.0/), as amended and updated by Creative Com-
mons from time to time (the “CC License”), which is incorporated
herein by this reference.

Complete terms can be found at http://www.ck12.org/about/
terms-of-use.

Printed: September 26, 2016

AUTHOR
Ck12 Science

http://www.ck12.org/
http://www.ck12.org/saythanks
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.ck12.org/about/terms-of-use
http://www.ck12.org/about/terms-of-use


www.ck12.org Chapter 1. Exceptions to the Octet Rule

CHAPTER 1 Exceptions to the Octet
Rule

• List the exceptions to the octet rule.

Are rules always followed?

Every spring, millions of Americans file their income tax forms. The different rules determine how much tax a
person pays. There are also exceptions to the rules. You pay less tax if you are married and/or have children. There
are certain limits on how much money you can make before paying taxes. The rule is that you pay taxes, but there
are also exceptions based on your personal situation. The bonding rules for molecules are generally applicable, but
there are some exceptions allowed.

Exceptions to the Octet Rule

As the saying goes, all rules are made to be broken. When it comes to the octet rule, that is true. Exceptions
to the octet rule fall into one of three categories: (1) an incomplete octet, (2) odd-electron molecules, and (3) an
expanded octet.

Incomplete Octet

In some compounds, the number of electrons surrounding the central atom in a stable molecule is fewer than
eight. Beryllium is an alkaline earth metal and so may be expected to form ionic bonds. However, its very small
size and somewhat higher ionization energy compared to other metals actually lead to beryllium forming primarily
molecular compounds. Since beryllium only has two valence electrons, it does not typically attain an octet through
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FIGURE 1.1
Beryllium hydride.

sharing of electrons. The Lewis structure of gaseous beryllium hydride (BeH2) consists of two single covalent bonds
between Be and H (see Figure 1.1).

Boron and aluminum, with three valence electrons, also tend to form covalent compounds with an incomplete
octet. The central boron atom in boron trichloride (BCl3) has six valence electrons as shown in Figure 1.2.

FIGURE 1.2
Boron trichloride.

Odd-Electron Molecules

There are a number of molecules whose total number of valence electrons is an odd number. It is not possible for all
of the atoms in such a molecule to satisfy the octet rule. An example is nitrogen dioxide (NO2). Each oxygen atom
contributes six valence electrons and the nitrogen atom contributes five for a total of seventeen. The lewis structure
for NO2 appears in Figure 1.3.

FIGURE 1.3
The Lewis structure for nitrogen dioxide, an odd electron molecule.

Expanded Octets

Atoms of the second period cannot have more than eight valence electrons around the central atom. However, atoms
of the third period and beyond are capable of exceeding the octet rule by having more than eight electrons around the
central atom. Starting with the third period, the d sublevel becomes available, so it is possible to use these orbitals
in bonding, resulting in an expanded octet.

Phosphorus and sulfur are two elements that react with halogen elements and make stable compounds with expanded
octets. In phosphorus pentachloride, the central phosphorus atom makes five single bonds to chlorine atoms and as
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a result has ten electrons surrounding it (see Figure 1.4). In sulfur hexafluoride, the central sulfur atom has twelve
electrons from its six bonds to fluorine atoms (see Figure 1.5).

FIGURE 1.4
Phosphorus pentachloride. Left image: Lewis structure Right image:
molecular model

FIGURE 1.5
Sulfur hexafluoride. Left image: Lewis structure Right image: molecular
model.

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/184777

Summary

• Exceptions exist to the rules for covalent bonding.
• These exceptions apply to atoms whose electrons will not accommodate the normal octet rule.

Review

1. What is an incomplete octet?
2. What is an odd-electron molecule?
3. Why are there extra electrons in the expanded octet?

• expanded octet: Use of d sublevel in bonding as well as other sublevels.
• incomplete octet: The number of electrons surrounding the central atom in a stable molecule is fewer than

eight.
• odd-electron molecules: Molecules whose total number of valence electrons is an odd number.
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