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Compounds, Ions, and
Molecules

CHAPTER

Compounds result when
elements bond together in
fixed proportions.

Bohr diagrams can illustrate how ions
form.

Bonding can involve electron transfer
(ionic) or electron sharing (covalent).

Rules for writing chemical formulas and for
naming ionic compounds are based on ion charge
balances.

Rules for writing chemical formulas and for naming
molecular compounds are based on a prefix system.

168 NEL

Chapter Preview
If elements are the “building blocks of matter,” then what
kinds of things do they build? The answer is found in the
world within and around you. Elements combine to make
compounds. For example, copper and sulfur combine to
form a compound called copper(II) sulfide. This compound
is found in copper ore. Mining companies dig up the ore,
and after many stages of processing, end up with the
element copper.

In this chapter, we will review some fundamental ideas
about compounds and introduce some new ideas. You will
learn how different types of compounds form, and how
they are described in the language of chemistry.

Skills Focus: interpreting data

TRY THIS: Elements and Compounds Around You

Pure substances are everywhere in your daily life. In this activity,
you will consider a list of a few pure substances—elements and
compounds—commonly found in your kitchen. Remember that
pure substances contain only one kind of particle.

1. Make one list of the elements in Table 1 and another list of
the compounds.

A. How did you determine which of the pure substances were
elements? How did you determine which of the pure
substances were compounds?

B. Compare your lists with other students in the class.

C. If you examined all of the pure substances in a kitchen, which
list do you think would be longer? Why do you think that list
would be longer? 

D. Suggest one other example of an element and one of a
compound commonly found in a kitchen.

KEY IDEAS

oxygen (in air) aluminum (aluminum foil)

nitrogen (in air) sodium chloride (table salt)

carbon dioxide (in air) sucrose (table sugar)

ammonia (in spray cleaner) water (from the tap)

tungsten (in light bulbs) methane (natural gas for a
gas stove)

sodium bicarbonate (baking
soda)

polyethylene (plastic bags)

Table 1 Some Pure Substances in the Kitchen
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7.1 Compounds, Atoms, and Ions 169NEL

7.1 Compounds, Atoms, 
and Ions

In your previous chemistry studies, you have learned about elements and
compounds. More than 100 elements have been identified so far, and about
90 of these occur in nature. When elements are joined together, they can
build an unimaginable number of compounds (Figure 1). Compounds are
everywhere in our world. They are present in the land, sea, and air, and in all
living things.

When atoms of one element join with atoms of another to form
compounds, these substances are quite different from either element. For
example, table sugar, or sucrose, is made up of carbon, the material in coal,
along with two gases, hydrogen and oxygen. None of these is sweet, yet when
they are brought together in just the right proportion, they make the
compound that sweetens everything from soft drinks to desserts.

Since compounds are made by chemically combining two or more
elements in fixed proportions, it follows then that compounds must be made
of two or more kinds of atoms. Table salt or sodium chloride is a compound
made from the elements sodium and chlorine. Here, these elements exist in
a one-to-one proportion: that is, for every atom of sodium there is an atom
of chlorine. This information can be summarized by writing the chemical
formula, NaCl.

Another common compound, water, is composed of the elements
hydrogen and oxygen. For every two atoms of hydrogen, there is one atom of
oxygen, so water is described by chemists with the chemical formula, H2O.

Figure 1 Nearly everything you use or wear on a daily basis is possible because of compounds.

STUDY TIP
A weekly study schedule will help you
plan ahead. Block off times that you
can commit to studying. First thing
each morning, check to see what’s
ahead for the day. You can revise your
schedule as needed.

To see how different
proportions of elements
produce different properties,
view the animation at
www.science.nelson.com
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What sets NaCl and H2O apart as compounds is the way in which the
atoms are joined. But how do atoms join together in different ways? What
forces in nature cause atoms to join in the first place? As this is an
introductory study of chemistry, we will focus on the basic ideas of
chemistry, and therefore, we will restrict our studies to the first 20 elements
of the Periodic Table and how they join.

The Formation of Ions 
Recall that a Bohr diagram allows you to visualize a model of the atom, and
can include protons, neutrons, and electrons. Modern atomic theory
suggests that the tendency of atoms to join together or bond is based on the
arrangement of their electrons, and that the protons and neutrons are not
involved. Therefore, the Bohr diagrams we will use to study bonding will not
include the details of the nucleus. They will show only the atomic number
and the element symbol in the middle of the diagram.

For example, the element fluorine has an atomic number of 9 and is
written in simple standard atomic notation as 9F. Recall that atoms are
neutral in charge, so a fluorine atom will have an equal number of protons
and electrons (9) with a resulting atomic charge of zero. The Bohr diagram
for a neutral fluorine atom shows how the electrons are configured 
(Figure 2).

How Some Atoms Form Compounds 
What is it that drives elements to react and form compounds? Ironically, the
answer lies within the elements that do not react. The noble gas family of
elements rarely forms compounds. Helium, for example, is a lighter-than-air
gas and is very unreactive with other elements, such as oxygen.

One theory of bonding is that there exists an underlying tendency for
elements to acquire an outermost electron shell similar to that of its nearest
noble gas. The outermost shell is called the valence shell, and the electrons
in this shell are called valence electrons. In the noble gases, the valence shell
holds the maximum number of electrons it can. Therefore, the valence shell
is complete. The first three noble gases in the Periodic Table are helium,
neon, and argon with valence shells containing 2, 8, and 8 electrons
respectively (Figure 3).

F
9 

Figure 2 This Bohr diagram focuses on
electrons.

Valence

The term “valence” has been carried
forward through chemistry’s history. It
originated as an idea about bonding
that has since been disproved.
Nevertheless, the word has survived
in its new meaning as “outer shell.”

?KNOW
Did You

He
2

valence shell

Figure 3 (a) Helium, (b) neon, and (c) argon are noble gases and, therefore, have complete valence
shells.

Ne
10

valence shell

Ar
18

valence shell
(a) (b) (c)

LEARNING TIP
Information that elaborates on an
important concept is often introduced
by the phrase, “for example.” As you
read pages 170 and 171, take note of
these examples as they will help you
understand the material better.

To learn more about noble
gases and their uses, go to
www.science.nelson.com GOGO GOGO
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Neon is the nearest noble gas to fluorine and sodium. As a result, a
fluorine atom has a tendency to gain 1 electron and achieve a complete
valence shell of 8 electrons like that of neon. Similarly, by losing 1 electron, a
sodium atom’s valence shell becomes complete with 8 electrons, again just
like neon (Figure 4). When an atom completes its valence shell, it becomes
charged since it no longer has the same number of electrons as protons. A
charged atom is called an ion.

Symbols for Ions 
Even though an ion may differ from an atom by only 1 or 2 electrons, it
possesses entirely different properties. When representing ions, it is very
important to include the ion’s charge with the symbol for the element
(Figure 5).

Figure 4 These Bohr diagrams
illustrate how fluorine and sodium
atoms’ valence shells compare to that of
neon. (a) By losing or gaining an
electron, they become complete and
have the same number of valence
electrons as neon. (b) As a result, the
neutral atoms become charged ions.

F
9

Ne
10

Na
11

same same

1– 1+

fluorine ion (F–)

9 protons (9+)
10 electrons (10–)
ion charge: (1–)

neon atom (Ne)
(does not form ions)

10 protons (10+)
10 electrons (10–)

sodium ion (Na+)

11 protons (11+)
10 electrons (10–)
ion charge: (1+)

F
9

Ne
10

Na
11

needs to
gain

1 electron

needs to
lose 

1 electron

non-metal
fluorine atom (F)

9 protons (9+)
9 electrons (9–)
atom’s charge: 0

noble gas
neon atom (Ne)

10 protons (10+)
10 electrons (10–)
atom’s charge: 0

metal
sodium atom (Na)

11 protons (11+)
11 electrons (11–)
atom’s charge: 0

Ions

Around 1830, Michael Faraday
(England) first suggested ions to
describe the particles that travel to
positive and negative electrical
contacts with which he experimented.
However, it was not until 1884 that
Svante Arrhenius (Sweden) described
the mechanism by which this was
achieved. Faraday’s theory was not
accepted initially, but his work
eventually won the Nobel Prize in
Chemistry in 1903. The word “ion”
comes from a Greek word meaning
“goer.”

?KNOW
Did You

Figure 5 (a) The penny is made of
copper atoms (written as Cu). (b) The
solution in the beaker is blue because it
contains copper(II) ions (written as
Cu2�).

7.1 Compounds, Atoms, and Ions 171NEL

(a)

(b)

(a) (b)
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Sometimes there is a difference in how a word is used in everyday
language and its meaning in chemistry. One example is the word “sodium.”
In chemistry, the word “sodium” refers to sodium, the element. Elemental
sodium is a metal that reacts vigorously with water producing hydrogen gas
and heat, which in turn can result in an explosion. Doctors sometimes
advise their patients to cut back on their sodium intake. Here, they are
referring to sodium ions, perhaps from sodium chloride (table salt). For this
reason, chemists take great care to distinguish between sodium atoms (Na)
and sodium ions (Na�). The ion symbol is always written as the element’s
symbol with the ion charge superscripted (raised).

Transferring Electrons 
Every atom is much more stable, or less reactive, with a complete valence
shell. One way of achieving this is for an atom of one element to transfer
electrons to, or receive electrons from, an atom of another element. As a
result, both atoms become oppositely charged ions (Figure 6).

An atom cannot just lose an electron on its own to become stable. It must
come in contact with another atom that needs to gain an electron. The ion
charges you have been using in your studies of chemistry result from two or
more elements getting together and transferring enough electrons to
complete each of their valence shells.

Figure 6 (a) A sodium atom and chlorine atom with incomplete valence shells. (b) The sodium atom
transfers an electron to a chlorine atom. (c) The result is two oppositely charged ions; both ions now
have complete valence shells.

Na 
11 

Cl 
17 

1+ 1– 

Na 
11 

Cl 
17 

Na 
11 

Cl 
17 

The Marvel of Salt

The formation of salt is a marvel of
chemistry. Sodium metal is extremely
reactive with water (can result in an
explosion) and chlorine gas is highly
toxic. Yet when these two elements
are combined, we end up with
sodium chloride (table salt), a
common everyday food additive and
a source of essential chemicals in the
body.

?KNOW
Did You

(a)

(b)

(c)

GOGO

To learn more about sodium
(sodium ions) in foods, go to
www.science.nelson.com GOGO
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By gaining or losing electrons, the atoms become negatively charged ions
or positively charged ions. The ion charge simply depends on the relative
numbers of electrons compared to protons. Remember, only valence
electrons are lost or gained by atoms—the particles in the nucleus (neutrons
and protons) are not changed.

To understand the ion charges that are listed in the Periodic Table, you
simply have to examine an element’s total electrons and compare that with
the nearest noble gas. Table 1 shows some examples of the differences in
charges between ions and atoms.

Inspecting the ion charges in the Periodic Table, some general patterns
emerge. Metals form positive ions and non-metals form negative ions.
Furthermore, Group 1 ions have a 1� ion charge, Group 2 ions a 2� charge,
and Group 17 ions a 1� charge. Hydrogen, always an exception as a “family
of one,” is able to lose one electron and become H� or gain one electron and
become H�.

Table 1 Ion Charges

To test your skills at predicting
ion charges, go to
www.science.nelson.com

LEARNING TIP
Check your understanding. Use Table 1
to explain to a partner the differences
in charges between ions and atoms. To
read the table carefully, use the 4-S
system: Study the table. State the
purpose of the table. Search out the
information in the table. Summarize
the information.

Particle

Number of
protons and
electrons Net charge Symbol

sodium atom 11p ⏐ 11e

11� ⏐ 11�

net charge � 0 Na

sodium ion 11p ⏐ 10e

11� ⏐ 10�

(10e to match Ne)

net charge � 1� Na�

sulfur atom 16p ⏐ 16e

16� ⏐ 16�

net charge � 0 S

sulfur ion 16p ⏐ 18e

16� ⏐ 18�

(18e to match Ar)

net charge � 2� S2�

beryllium atom 4p ⏐ 4e

4� ⏐ 4�

net charge � 0 Be

beryllium ion 4p ⏐ 2e

4� ⏐ 2�

(2e to match He)

net charge � 2� Be2�

aluminum atom 13p ⏐ 13e

13� ⏐ 13�

net charge � 0 Al

aluminum ion 13p ⏐ 10e

13� ⏐ 10�

(10e to match Ne)

net charge � 3� Al3�

(p � protons, e � electrons)
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CHECK YOUR Understanding7.1

1. What is the main difference between an element
and a compound?
A. Elements are more numerous than

compounds.
B. Elements exist in nature, whereas

compounds are made by scientists.
C. A compound can be broken down into

simpler substances, whereas an element
cannot.

D. An element can be broken down into
simpler substances, whereas a compound
cannot.

2. How are compounds related to elements?
A. Compounds are made up of elements

chemically combined.
B. Elements are made up of compounds

chemically combined.
C. Compounds are made up of elements

physically combined.
D. Elements are made up of compounds

physically combined.

3. Write a definition of a compound. Include three
points in your definition.

4. How does a compound’s properties compare to
those of its component elements? Provide an
example.

5. Air contains the elements oxygen and nitrogen.
Is air a compound? Why or why not?

6. Table sugar or sucrose is a compound that has
the chemical formula C12H22O11.
(a) How many different elements make up

sucrose?
(b) Name these elements and their proportions.
(c) State some common properties of these

elements.
(d) Would another chemical made of the same

elements still be considered to be sucrose?
Why or why not?

7. What do we mean when we say that atoms
bond?

8. What particles in an atom are responsible for
bonding?

9. What is a valence electron?
A. an electron with a combining capacity of 1�

B. an electron in the outermost shell of an
atom

C. an electron in the innermost shell of an
atom

D. an electron that is attracted to other
electrons

10. Draw Bohr diagrams to show how electrons are
transferred between an atom of potassium and
an atom of fluorine to form ions.

11. Draw Bohr diagrams of the following:
(a) O and O2�

(b) Mg and Mg2�

(c) Be and Be2�

(d) N and N3�

12. Copy Table 2. Consult the Periodic Table to
complete the table by filling in the blanks.

Table 2 Ion Charges

Particle

Number of
protons and
electrons Net charge Symbol

fluorine atom 9p ⏐ __e

__� ⏐ __ � net charge � 0 _______

fluorine ion 9p ⏐ __e

__� ⏐ __� net charge � __ _______

phosphorus
atom

__p ⏐ __e

__� ⏐ __� net charge � __ _______

phosphorus
ion

__p ⏐ __e

__� ⏐ __� net charge � __ _______

_______atom 20p ⏐ __e

__� ⏐ __� net charge � __ _______

_______ion 20p ⏐ __e

__� ⏐ __� net charge � __ _______
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THE REAL WORLD OF C.S.I.—
FROM FINGERPRINTING TO
FIREARMS
Every crime scene whispers a story. The key is knowing how to
interpret the clues. This is where the world of forensic chemistry
plays a large role. 

fingerprint can then be compared with a
DNA profile from a suspect or matched
with profiles stored on various
databases.

Firearm Evidence
Forensic chemistry also deals with the
chemical analysis of a variety of types of
physical evidence involving firearms.
When a firearm discharges, the
combustion of the primer (barium,
antimony, and lead) and gunpowder
(carbon, sulfur, and a compound such as
sodium nitrate) in the cartridge
generates gases. These gases propel the
bullet out of the barrel. Residue can be
left over from the combustion products,
or the primer, or the gunpowder
components. Residue can also come
from the cartridge case, bullet, or bullet
jacket. The gunshot residue may spray
onto the clothing of a victim or on the
hands of the shooter. In the lab, a
scanning electron microscope (SEM)
connected to a spectrometer can be
used to examine tape lifts taken from
skin or clothes. This test can show the
presence of small residue particles and
analyze their elemental composition.

seen. The compound cyanoacrylate
(what we know as superglue) is used to
bring out fingerprints on smooth
surfaces like glass. When the compound
is warmed, its fumes react with the
invisible fingerprint residue to make
them visible.

DNA “Fingerprinting”
Just as we can be identified by the
pattern of our unique fingerprints, we
can also be identified by our DNA
“fingerprints.” Scientifically, DNA
fingerprinting is known as DNA typing,
DNA profiling, or genetic fingerprinting.
DNA samples can come from various
body cells—from hair roots to body
fluids—since DNA is in our cells. This
process involves chemically isolating the
DNA from the cell or tissue sample,
purifying it, and then replicating it. It is
then analyzed by electrically separating
the bands of DNA to create a unique
DNA fingerprint (Figure 2). The DNA

Forensic chemistry involves objectively
analyzing the physical evidence in order
to reconstruct the sequence of events
surrounding a crime. In this process,
forensic chemists run the evidence
through a series of tests, analyze and
interpret the results, and sometimes
provide expert testimony based on their
findings. Evidence may come in the form
of fingerprints, DNA samples, and
gunshot residue, to name a few.
Elements and the compounds they form
are essential to forensic chemistry.

Fingerprinting
Fingerprint identification is one of the
oldest tools used in forensics. Today,
however, it is much more dependent on
chemistry. Your fingers have a unique
pattern of ridges and valleys spotted
with tiny oil-releasing pores. When your
hand comes into contact with an object,
some oil transfers the ridge detail to the
surface of the object (Figure 1).

These latent or invisible fingerprints
may be revealed by dusting the surface
with fine powders. However, different
surfaces may require enhancement or
development using chemical procedures
first. For instance, silver nitrate is a
compound that fluoresces in UV or
bright light so that fingerprints can be

Figure 1 This fingerprint was made visible
through forensic techniques.

Figure 2 A DNA “fingerprint”

Science
WORKS
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The physical forces that join or connect atoms together are called chemical
bonds. As previously stated, this bonding is associated with electron
interactions between atoms. This has led to a theory of two general types of
bonding: ionic and covalent.

Ionic Bonding—Electron Transfer between a Metal
and a Non-Metal
Oppositely charged ions (metals and non-metals) have a strong attraction
for one another and, as a result, are held tightly together. This is known as
ionic bonding and serves to build atoms into compounds called ionic
compounds.

In the previous section, you learned that ions form when a transfer of
valence electrons takes place between atoms. See Figure 6 in Section 7.1,
page 172, to see a model of sodium and chlorine ion formation. After these
ions are formed, they are strongly attracted by their opposite charges and
NaCl results. Therefore, in ionic bonding, a transfer of valence electrons
occurs.

Another example of an ionic compound is calcium fluoride (CaF2), a
substance that is added to toothpaste to strengthen tooth enamel and
prevent decay. Calcium atoms transfer electrons to fluorine atoms to form
oppositely charged ions. These ions are then attracted to one another to
form CaF2. So, in the compound calcium fluoride, one calcium ion
combines with two fluorine ions (Figure 1).

7.2 Chemical Bonding  

F 
9 

1– 

F 
9 

1– 

Ca 
20 

2+ 

Figure 1 When calcium and fluorine combine, the calcium atom transfers 1 electron to each of 
2 fluorine atoms to complete all of their valence shells. The Ca2� ion now has a valence shell similar
to Ar (8 electrons in its valence shell). Each F� ion now has a valence shell similar to Ne (8 electrons
in its valence shell).

Unit B_Ch 07  4/4/08  9:59 AM  Page 176



7.2 Chemical Bonding 177NEL

Some Properties of Ionic Compounds 
Ionic bonds are strong as a result of the electrical attraction of opposite
charges. Also, the ions in ionic compounds have the tendency to line up in
crystalline block patterns (Figure 2). These features of ionic bonding are
evident in some of the common properties of ionic compounds.

Ionic Compounds Form Crystals 
Usually, ionic compounds form crystals large enough to be seen. If you look
closely at a crystal of table salt, NaCl, you can see that it looks like a little
cube. This is due to the crystal arrangement of the ions of Na� and Cl�.
Even if it appears to be a powder, the crystal will appear under a microscope.
Ionic compounds are typically solids at room temperature.

Ionic Compounds Have High Melting Points 
A tremendous amount of energy (heat) is required to separate the tightly
bound ions in solid ionic compounds (better known as melting). For
example, in order to melt a crystal of table salt, a temperature of 800 ºC is
needed—a temperature that is difficult to reach in a normal lab situation.

Ionic Compounds Are Very Hard and Brittle 
Again, because of their tight crystal structures, ionic compounds do not
bend very well. The ions are unable to slide around one another, and the
crystals will break rather than bend when subjected to strong external forces.

Ionic Compounds Conduct Electricity When Dissolved in Water 
As you know, table salt dissolves easily in water. One of the properties of
water is its ability to pull apart the ions in compounds such as table salt. The
separated Na� and Cl� ions are now free to move about, and as a result, the
solution acts as a good electrical conductor. An electrical conductivity test is
a strong indication of whether a compound in solution is ionic.

Covalent Bonding—Electron Sharing between 
Non-Metals 
Another type of bonding occurs when non-metals share their valence
electrons with other non-metals to complete their valence shells. This
bonding is called covalent bonding and builds atoms into covalent or
molecular compounds. Therefore, in covalent bonding, a sharing of
valence electrons occurs.

An example of covalent bonding is found in the everyday gas known as
carbon dioxide, CO2. The Bohr diagram in Figure 3 describes a model in
which the electrons are shared between the three atoms.

Na+

Cl–

Figure 2 Na� and Cl� ions form a
crystal arrangement in which all of the
adjacent, oppositely charged ions are
equally attracted to one another. The
smallest grouping that exists in the
crystal is one NaCl pair.

LEARNING TIP
Covalent

The prefix “co” in covalent, means
“together,” as in cooperate (working
together). The term “covalent”
suggests that atoms achieve complete
valence shells by working together and
sharing.

C
6

O
8

O
8

Figure 3 When carbon and oxygen
combine to form carbon dioxide, the
valence shells overlap. They share
valence electrons so that each atom can
have 8 valence electrons and become
stable. Each atom’s outer shell is then
similar to Ne (8 electrons in the valence
shell).

GOGO

To view photos of ionic crystals
in mineral specimens, go to
www.science.nelson.com GOGO
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Another Bohr model of covalent bonding can help us understand the
reason that certain elements consist of paired atoms. Recall from Chapter 6
that some elements, such as oxygen (O2), exist in their elemental forms as
paired atoms. Figure 4 shows how the 2 atoms of oxygen share their valence
electrons to become stable.

In covalent bonding, the atoms are held together by the attraction of the
shared negative electrons to the positive nucleus of each atom. This is
illustrated in the Bohr diagram of hydrogen gas, H2 (Figure 5).

Atoms, Ions, and Molecules 
We know that an element is the simplest form of matter and that the
smallest particle of an element is an atom. Why is the atom the basic unit of
matter if atoms are composed of still smaller particles? None of an atom’s
parts (subatomic particles) can constitute matter on its own. This is similar
to a living cell. A cell is the basic unit of life even though cells are made up
of smaller parts because none of a cell’s parts can constitute life on its own.

Compounds are made from two or more elements that are chemically
joined in fixed proportions. Different types of compounds (ionic and
covalent or molecular) exist depending on how the elements are joined. You
have learned that the smallest particle or basic unit of an ionic compound is
an ion. The smallest particle or basic unit of a covalently bonded compound
is called a molecule. A molecule is a neutral particle that consists of two or
more atoms that are covalently bonded together, as shown in Figure 6(a).
Additionally, you have learned that a few free elements like oxygen exist as
paired atoms (O2). Paired atoms are called diatomic molecules, as shown in
Figure 6(b).

As you have seen in Figure 2 on page 177, ionic compounds form crystal
arrays of alternating positive and negative ions. There is not a distinct pair of
ions that exists as a unit (molecule). This is why ionically bonded
compounds are not made up of molecules; they are made up of ions.
Therefore, the smallest particles of matter are atoms, ions, and molecules.

8
O O

8

Figure 4 A Bohr diagram explains the
formation of paired atoms such as O2.
Notice the sharing of valence electrons to
achieve complete outer shells of 
8 electrons each.

O

H H

Figure 6 (a) A water molecule is
composed of 2 hydrogen atoms
covalently bonded to 1 oxygen atom.
(b) 2 atoms of oxygen are covalently
bonded to form a diatomic molecule.

OO

Molecules

The word “molecule” comes from the
Greek word molos meaning small unit
of mass.

?KNOW
Did You

+ + 
Figure 5 Two hydrogen atoms share a pair of electrons to
complete their valence shells similar to He (2 electrons). The
shared negative electrons are attracted to each positive
nucleus. This attraction bonds the atoms together.

(a) (b)
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Figure 7 illustrates the two types of compounds: ionic compounds and
molecular (covalent) compounds. The terms “molecular compound” and
“covalent compound” are interchangeable. The first term simply describes
the nature of the particles (molecules), whereas the second describes the
nature of the bonding (covalent).

Pure
Substances

compoundselements

molecular (covalent)
compounds

ionic compounds

moleculesions

atoms

Figure 7 The smallest particles of matter are atoms, ions, and molecules.

The common sense of chemistry is often lost in its vocabulary.
Words like “atoms” and “molecules” confuse people when they
are not used in their everyday language. In this activity, you will
use simple models to reinforce your understanding of atoms and
molecules.

Materials: assortment of interlocking building blocks

1. Select 12 separated blocks so that you have four identical
blocks of three different colours, for example, four same-sized
reds, four same-sized blues, and four same-sized whites. Sizes
of blocks can differ among colours.

2. Arrange the blocks on a piece of paper in groups of the same
colour. Imagine that each colour represents a different
element and each coloured block represents an atom of that
element.

3. Designate any one of your colours as H atoms and another
colour as O atoms and keep these as their representative
colours throughout this activity. Build a molecule of the
compound water (H2O). Any shape will do for this activity.
Make a labelled sketch of your molecule.

Skills Focus: creating models

TRY THIS: Atoms and Molecules

4. Start again and construct a molecule of the element oxygen
(O2) and make a labelled sketch.

A. How many different elements do you have in Step 2? How
many atoms of each element? How many total atoms?

B. Predict how many water (H2O) molecules you can build from
your atoms. Test your prediction.

C. How many atoms are in each molecule of oxygen (O2)?
Predict how many more of these same molecules you can
build. Test your prediction.

D. Now build a molecule of the compound ammonia (NH3).
Make a labelled sketch. How many different colours did you
use? Why? Which colours did you choose for nitrogen and
hydrogen? Why? 

E. Could you build a methane gas (CH4) molecule? Why or why
not?
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Some Properties of Molecular Compounds 
Covalent bonds are strong within the molecule, but the molecule has no
overall electric charge. Consequently, covalent molecules are not held as
tightly together as are their ionic counterparts. These features of covalent
bonding are evident in some of the common properties of molecular
compounds.

Molecular Compounds Form Crystals 
Molecular compounds will form crystals, but the molecules can be moved
out of position producing varying crystal shapes. An example of this is
evident in snowflakes. Water molecules can array themselves in a huge
variety of solid hexagonal (six-sided) snowflake crystals (Figure 8).

Molecular Compounds Have Low Melting and Boiling Points 
Since the attractive forces between covalent molecules (not within) are
relatively weak, it makes sense that they would be easy to separate. This is
evident in their lower melting points and boiling points. Table 1 lists some
common molecular compounds at room temperature. Notice how these
compounds are easily separated into their higher phases or states (gas,
liquid, or solid). In fact, many molecular compounds are liquids or gases at
room temperature and standard pressure.

Molecular Compounds Are Poor Conductors of Electricity When
Dissolved in Water 
Many molecular compounds such as sucrose (table sugar) will dissolve in
water, but unlike ionic compounds, molecular compounds do not separate
to form ions. The molecules are separated from each other but each

Figure 8 H2O is a molecular
compound that, as a solid, forms a
variety of crystal shapes.

Table 1 States of Common Molecular Compounds at Room Temperature

Molecular compound Chemical Phase/State

H2O water liquid

H2O water vapour (in air) gas

NH3 ammonia (from smelling salts) gas

CH4 natural gas (for furnaces) gas

CO2 carbon dioxide (in air) gas

C12H22O11 sucrose (table sugar) solid

STUDY TIP
Summarizing is a helpful review tool.
After reading Section 7.2, write the
key points you have learned about
chemical bonding on a study card.
Compare your summary card with a
friend. Is there anything important that
should be added? You can use this
study card later to prepare for the
chapter exam.

LEARNING TIP
Connect to prior knowledge.
Before reading the section on Some
Properties of Molecular Compounds,
ask yourself, “What are some of the
things I already know molecular
compounds? What are some of the
things I think I will learn about?”
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C12 H22 O11

C12 H22 O11

C12 H22 O11

C12 H22 O11

sugar crystal C12 H22 O11

C12 H22 O11

C12 H22 O11 C12
H22

O11

Figure 9 This model shows a major
difference between ionic and molecular
compounds when dissolving in water.
(a) The NaCl separates and breaks apart
into ions. (b) The C12H22O11 separates
but does not break apart into atoms or
ions.

Na+ Cl– Na+

Na
+ Na+

Na+

Na+

Na+ Na+
Cl–

Cl–
Cl–

Cl–

Cl–

Cl–

Cl–Na+ Cl–

Na+ Cl– Na+

Cl– Na+ Cl–

salt crystal

Ionic compounds dissolve in water and separate into their
component ions. An ionic compound can also be melted (at high
temperature) and separated into its ions. These separated ions will
allow current to flow if a simple electrical conductivity tester is
used. Molecular compounds do not separate into their
components, do not form ions, and do not conduct electricity.

1. An investigation was done on the conductivity of certain
substances by using an electrical conductivity tester 
(Figure 10). The results are shown in Table 2.

Skills Focus: interpreting data

TRY THIS: Electrical Conductivity Tests—Ionic or Molecular?

A. Based on the results of the conductivity tests, classify salt and
sugar as ionic or molecular compounds. Explain your
classifications.

B. Here are two melting temperatures: 800 °C and 185 °C.
Match these temperatures with salt and sugar, and explain
your choices.

light bulb

power
supply

wirestest 
probes

salt
water

Figure 10

Table 2

Compound tested Light bulb

molten salt bright

molten sugar off

salt water solution bright

sugar water solution off

individual molecule stays intact with a neutral charge. As a result, molecular
compounds are poor conductors of electricity when dissolved in water.
Figure 9 gives a graphical description of the difference between an ionic
compound (salt, NaCl) and a molecular compound (sucrose, C12H22O11)
dissolving in water. GOGO

To learn more about the
differences between molecular
and ionic compounds, go to
www.science.nelson.com GOGO

(b)

(a)
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1. What do we call a physical force that holds
atoms together?
A. physical bond
B. chemical bond
C. physical attraction
D. chemical attraction

2. Explain the difference between an ionic bond
and a covalent bond.

3. Draw Bohr diagrams of a magnesium atom
bonding with fluorine atoms. Draw atoms, then
electron transfer, and finally the ions that form.
What type of bonding occurs? 

4. Draw Bohr diagrams of two hydrogen atoms
bonding with an oxygen atom by sharing
electrons to form a water molecule. What type
of bonding occurs? 

5. Explain why the melting points of ionic
compounds and molecular compounds differ.

6. Explain why an ionic compound is hard and
brittle.

7. (a) What laboratory procedure allows you to
test if a compound is ionic or molecular?

(b) What results would you expect?

8. (a) What do we call the smallest particle of an
element?

(b) What do we call the smallest particle in a
compound with ionic bonds?

(c) What do we call the smallest particle of a
covalently bonded compound?

9. State the relationship between atoms and
molecules.

10. Examine the drawings in Figure 11. What types
of particles are modelled in each drawing?

11. For each of the following, what type of smallest
particle would exist? Explain your reasoning.
(a) strontium
(b) CaCl2
(c) CCl4
(d) SO2
(e) helium
(f) bromine
(g) MgO

Figure 11

(a)

(b)

(c)
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Tens of thousands of different ionic compounds can be formed from various
combinations of the over 100 elements in the Periodic Table. A standard
system was needed that would allow chemists all over the world to describe
these compounds in a manner that is understandable to all. In 1919, the
International Union of Pure and Applied Chemistry (IUPAC) was formed.
One of its primary goals was to establish conventions and standards for 
the “language of chemistry.” The lessons that follow adhere to IUPAC
standards.

In your previous studies of chemistry, you learned how to write chemical
formulas for ionic compounds and how to name them. A chemical formula
describes the proportions of the component elements. For example, the
compound potassium oxide can be represented with the formula K2O. From
this, you know that there will be two atoms of the element potassium for
every one atom of the element oxygen in the compound. Ionic compounds
can be divided into three types for the purpose of reviewing formula and
naming rules: binary ionic compounds, ionic compounds with multivalent
elements, and ionic compounds with polyatomic ions.

When determining the chemical formulas of ionic compounds, remember
that chemical compounds are electrically neutral; therefore, the fundamental
rule for determining the chemical formula for any ionic compound is that the
total ion charge for the compound is 0. In other words, the total positive ion
charge must be equal to or cancel the total negative ion charge. This is
known as an ion charge balance.

You can find ion charges and chemical symbols of elements that you will
need to know to write formulas and ionic compound names in the Periodic
Table at the back of this book or in Appendix C1.

Binary Ionic Compounds 
Ionic compounds are formed from a combination of positive and negative
ions. The simplest ionic compounds contain only two types of monatomic
ions (ions that have only one charged atom). These are referred to as binary
ionic compounds. Some examples of these are listed in Table 1 below.

7.3 Ionic Compounds: Chemical 
Formulas and Naming

Table 1 Formula and Names of Binary Ionic Compounds

Positive ion Negative ion Chemical formula Chemical name

Na� O2� Na2O sodium oxide

Ca2� F� CaF2 calcium fluoride

Al3� S2� Al2S3 aluminum sulfide

STUDY TIP
Previewing is a helpful critical reading
strategy. Preview Section 7.3 before it
is discussed in class. Doing this will
help you better understand the
material as it is presented in class.

GOGO

To learn more about IUPAC,
go to
www.science.nelson.com GOGO

Unit B_Ch 07  4/4/08  9:59 AM  Page 183

MVG
Highlight

MVG
Highlight

MVG
Highlight

MVG
Highlight



Unit B Elements, Compounds, and Reactions184 NEL

The following sample problems show the steps to follow to determine the
chemical formulas for binary ionic compounds.

SAMPLE PROBLEM 1

Determine the Chemical Formula for a Binary Ionic Compound 

What is the chemical formula for the ionic compound formed from the elements sodium and
oxygen?

Solution

Step 1: Look up the elements’ symbols and their ion charges. Always write the positive
charge first. Use 1� rather than just � when balancing charges.

Na1� O2�

Step 2: Use a visual approach to balancing the charges. Use vertical multiplication to obtain
a balanced ion charge. Vertical multiplication just means to multiply numbers in a vertical
column.

Step 3: Fill in the required multipliers.

Step 4: The multipliers become the subscripts (small numbers that represent atoms) in the
chemical formula: Na2O1. When there is only one of a particular type of atom, the number
“1” does not need to be written as a subscript, so the final formula is Na2O. The above
charge balance that led to the formula Na2O can also be represented by the model shown:

Practice

What is the chemical formula for the ionic compound formed from the elements beryllium
and chlorine?

Na 1�

2�

O2�

2�

� �

lowest balance

Na 1�

2�

O 2�

2�

2� � 1 vertical
multipliers

O2–

Na+

Na+

LEARNING TIP
If you find working with sample
problems difficult, try self-
explanations. Go through the problem
line by line and talk it out. Pay
attention to visual prompts, such as
the steps written in bold and the
arrows that keep you on track. Note
where your understanding is clear and
where there are gaps. Sometimes it is
helpful to reread the problem and to
draw a quick sketch.
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Remember that it is important to understand that the main idea is to obtain
a charge balance for chemical formulas for ionic compounds. But you may
have noticed a shortcut that allows you to obtain the formula’s subscripts
rather quickly.

This shortcut is called the criss-cross method. To do this, you bring the
number above the metal element down to be the subscript of the non-metal,
and the number above the non-metal element down to be the subscript of
the metal. If there is a common factor in the subscripts generated, you must
reduce the subscripts as a final step. Examples of the criss-cross method are
shown on the next page.

SAMPLE PROBLEM 2

Determine the Chemical Formula for a Binary Ionic Compound

What is the chemical formula for the ionic compound formed from aluminum and sulfur?

Solution

Step 1: Look up the symbols and their ion charges. Write the positive ion first.

Al3� S2�

Step 2: Use vertical multiplication to set up a balanced ion charge.

Step 3: Fill in the required multipliers.

Step 4: The multipliers become the subscripts in the chemical formula. The chemical formula
is Al2S3. The charge balance that led to Al2S3 can be imagined as the model shown:

Practice

What is the chemical formula for the ionic compound formed from the elements calcium and
nitrogen?

Al3�

6�

S2�

6�

� �

lowest balance

Al3�

6�

S2�

6�

2� � 3
vertical
multipliers

S2–S2– S2–

Al3+Al3+
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Crisscross Method
Example 1: What is the chemical formula for the ionic compound formed
from potassium and nitrogen?

The chemical formula is K3N.
Example 2: What is the chemical formula for the ionic compound formed

from calcium and oxygen?

The chemical formula is CaO.

Naming Binary Ionic Compounds 
For binary ionic compounds, the positive ion’s name (the metal element) is
written first. The negative ion’s name (the non-metal element) is written
second, but this element’s name is changed to end in “ide” (Table 2). So for
the formula Na2O, the chemical name is sodium oxide. Note that chemical
names do not use capital letters, and the multiplier (subscript) “2” in the
formula is part of the ion charge balance and has no bearing on the
chemical name.

Other examples of chemical names for binary ionic compounds are
aluminum sulfide (Al2S3) and calcium nitride (Ca3N2).

Ca2�

2�

O2�

2�

1� � 1

Ca2� O2�

2 2
these can be
reduced and still
obtain charge
balance

balanced ion charge

Table 2 Some “ide” Endings for Negative Ions

Non-metal element Negative ion Negative ion name

nitrogen (N) N3� nitride

phosphorus (P) P3� phosphide

oxygen (O) O2� oxide

sulfur (S) S2� sulfide

fluorine (F) F� fluoride

chlorine (Cl) Cl� chloride

bromine (Br) Br� bromide

iodine (I) I� iodide

balanced ion charge

K 1�

3�

N 3�

3�

3� � 1

K 1� N 3�

3 1

crisscross
the numbers 
to get the 
multipliers

LEARNING TIP
People learn in different ways. Some
people like to think in words. When
forming ionic compounds, try “talking
it out”:
1. Write the metal element in its ion

form.
2. Write non-metal element in its ion

form.
3. Crisscross (swap) charges as

subscripts.
4. Reduce subscripts if necessary.
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Ionic Compounds with Multivalent Elements 
Many of the metal elements (after atomic number 20) have more than one
ion charge. They are said to be multivalent. Ionic compounds with
multivalent elements contain a metal that is multivalent.

The Stock System is used for naming multivalent metals. This system uses
a Roman numeral to represent the positive ion charge when more than one
charge is possible. For example, the notation for naming the Cu2� ion is
copper(II) and it is read as “copper two.” Similarly, the Cu� ion is named
copper(I) and is read as “copper one.” The Roman numeral is always in
parentheses and there is no space before the first parenthesis. Table 3 lists
several multivalent metals and their ion names.

Table 3 Multivalent Metals and Their Ion Names

Metal Ion Ion name Metal Ion Ion name

chromium Cr2� chromium(II) manganese Mn2� manganese(II)

Cr3� chromium(III) Mn3� manganese(III)

cobalt Co2� cobalt(II) tin Sn2� tin(II) 

Co3� cobalt(III) Sn4� tin(IV)

copper Cu� copper(I) lead Pb2� lead(II)

Cu2� copper(II) Pb4� lead(IV)

iron Fe2� iron(II)

Fe3� iron(III)

SAMPLE PROBLEM 3

Determine the Chemical Formula with a Multivalent Element

What is the chemical formula for copper(I) oxide?

Solution

Step 1: Look up the ion charge for the non-metal. You do not have to look up the ion
charge for copper because the number in the parentheses tells you this. The ions in the
compound are Cu� and O2�.

Step 2: Fill in the required multipliers. The multipliers become the subscripts in the chemical
formula.

The chemical formula for copper(I) oxide is Cu2O.

Practice 

What is the chemical formula for copper(II) chloride?

Cu1�

2�

O2�

2�

2� � 1

The following sample problems show the steps to follow to determine the
chemical formulas for ionic compounds with multivalent elements.
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Naming Ionic Compounds with Multivalent Elements 
When naming ionic compounds with multivalent elements, you have to pay
careful attention to the ions you are naming. For example, SnO2 cannot be
named tin oxide as in binary ionic compounds since there are two common
types of tin ions, Sn2� and Sn4�. To correctly name SnO2, you must first
determine (with a little arithmetic) which Sn ion is in the compound. The
ion charge on O is known (O2�), which allows us to obtain the ion charge
on Sn. (Hint: Always look up the ion charge for both the positive and
negative ions. That way, you will know if the metal ion is multivalent, and
that the multivalent naming system [Roman numerals] must be used.)

In this example, the ion charge for Sn must be 4� for the formula to be
charge balanced. The metal ion here is Sn4�, tin(IV). So, the name will be
the names for both ions—SnO2 is tin(IV) oxide.

Let’s look at another example: What is the chemical name for Cr2S3? First,
check the Periodic Table to find out if one of the ions is multivalent. Notice
that Cr or chromium is. The ions are Cr? (multivalent) and S2�. Do your
arithmetic to find out which chromium ion is in the compound.

The ion charge on Cr must be 3� to have ion charge balance. Since Cr3�

is chromium(III), the chemical name for Cr2S3 is chromium(III) sulfide.

SAMPLE PROBLEM 4

Determine the Chemical Formula with a Multivalent Element

What is the chemical formula for manganese(III) sulfide?

Solution

Step 1: Look up the ion charge for the non-metal. The ions are Mn3� and S2�.

Step 2: Fill in the required multipliers.

The chemical formula for manganese(III) sulfide is Mn2S3.

Practice

What is the chemical formula for chromium(III) sulfide?

Mn3�

6�

S2�

6�

2� � 3

must be

Sn ?�

4�

O2�

4�

1� � 2 represents known values

Cr?�

6�

S2�

6�

2� � 3

must be

represents known values

STUDY TIP
Remember to do the practice
problems, as this helps you learn the
material. It also helps you to see if you
need to study more.
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Ionic Compounds with Polyatomic Ions 
Recall that certain groups of atoms are capable of first bonding together, and
then acting as though they were a single ion. Such groups are called
polyatomic ions. Ionic compounds with polyatomic ions contain at least
one ion that is polyatomic. The sulfate ion is one example of a polyatomic
ion. Its formula is traditionally written as SO4

2�, but for our purposes, it is a
good idea to visualize the formula as a cluster such as (SO4)2� in order to
isolate the ion charge from the cluster. This will aid you in formula writing.
Table 4 lists several of the more common polyatomic ions. You will notice
that only one polyatomic ion has a positive ion charge, NH4

�; all of the rest
have negative charges. A more complete list is found in Appendix C2.

To write chemical formulas for ionic compounds with polyatomic ions
and to name them, the same rules apply as for binary ionic compounds.
Once again, the fundamental principle for formula writing is total ion
charge balance.

Table 4 Some Common Polyatomic Ions

Polyatomic ion Visualize Name

NH4
� (NH4)� ammonium

CO3
2� (CO3)2� carbonate

ClO3
� (ClO3)� chlorate

OH� (OH)� hydroxide

NO3
� (NO3)� nitrate

PO4
3� (PO4)3� phosphate

SO4
2� (SO4)2� sulfate

To practise naming ionic
compounds and ionic
compound formulas, go to
www.science.nelson.com

SAMPLE PROBLEM 5

Determine the Chemical Formula with a Polyatomic Ion

What is the chemical formula for sodium carbonate?

Solution

Look up the formulas for the two ions: sodium ion and carbonate ion. For the polyatomic ion,
write its formula in visualized form. The ions are Na� and (CO3)2�.

The chemical formula becomes Na2(CO3) or simply Na2CO3. When only one polyatomic ion
appears in a chemical formula, it is conventional to leave out the parentheses.

Practice

What is the chemical formula for magnesium sulfate?

Na1�

2�

(CO3)2�

2�

2� � 1

lowest balance
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Naming Ionic Compounds with Polyatomic Ions 
Naming ionic compounds with polyatomic ions is straightforward—just use
the ion names. Look up the names for the two ions in the compound. For
example, in (NH4)2CO3, both ions are polyatomic: ammonium ion, NH4

�,
and carbonate ion, CO3

2�. Thus, the chemical name is ammonium
carbonate. Remember that the name of the polyatomic ion does not end in
“ide,” except for “hydroxide.”

Table 5 lists some examples of ionic compounds with polyatomic ions
that are commonly used, along with their chemical formulas and names.

SAMPLE PROBLEM 6

Determine the Chemical Formula with a Multivalent Element

What is the chemical formula for aluminum sulfate?

Solution

Look up the formulas for the two ions: aluminum ion and sulfate ion. For the polyatomic ion,
write its formula in visualized form. The ions are Al3� and (SO4)2�.

The chemical formula is Al2(SO4)3. In this case, the parentheses for the SO4 group must be
used. Otherwise, the formula would suggest Al2SO43.

Practice

What is the chemical formula for ammonium sulfide?

lowest balance

Al 3�

6�

(SO4) 2�

6�

2� � 3

SAMPLE PROBLEM 7

Determine the Chemical Formula with a Multivalent Element and Polyatomic Ion

What is the chemical formula for tin(IV) sulfate?

Solution

Look up the formulas for the two ions: tin(IV) ion and sulfate ion.

The chemical formula is Sn(SO4)2.

Practice

What is the chemical formula for manganese(II) sulfite?

lowest balance

Sn 4�

4�

(SO4) 2�

4�

1� � 2Table 5 Some Common Ionic
Compounds with Polyatomic Ions

Chemical
formula

Chemical
name

Common
name

Everyday
use

NaOH sodium
hydroxide

caustic
soda

oven
cleaner

NaHCO3 sodium
bicarbonate

baking
soda

cooking,
cleaning

MgSO4 magnesium
sulfate

Epsom
salt

soothing
bath salt

CaSO4 calcium
sulfate

gypsum drywall
board

Na2CO3 sodium
carbonate

washing
soda

clothes
washing

CuSO4 copper(II)
sulfate

bluestone garden
fungicide

Ca(OH)2 calcium
hydroxide

garden
lime

lawn (soil)
treatment
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7.3 CHECK YOUR Understanding

1. (a) Show how vertical multiplication can be
used to do a charge balance if Zn2�

combines with Cl�.
(b) Write the chemical formula and name for

the compound that would be formed.

2. Write either the chemical formula or chemical
name for these binary ionic compounds:
(a) strontium sulfide
(b) CaCl2
(c) lithium bromide
(d) K2O
(e) beryllium oxide
(f) Li2Se
(g) potassium phosphide
(h) Ca3N2
(i) calcium arsenide
(j) MgF2
(k) scandium oxide
(l) Na2S
(m) magnesium oxide
(n) ZnCl2
(o) sodium nitride

3. Write either the chemical formula or chemical
name for these ionic compounds with
multivalent elements:
(a) molybdenum(III) sulfide
(b) PbCl2
(c) rhodium(IV) bromide
(d) Cu2O
(e) mercury(II) oxide
(f) Tl2Se
(g) bismuth(V) phosphide
(h) PbF4
(i) rhenium(VII) arsenide
(j) CoF2
(k) copper(I) telluride 
(l) Fe2S3
(m) niobium(V) iodide
(n) PtBr4
(o) titanium(IV) nitride

4. Write either the chemical formula or chemical
name for these ionic compounds with
polyatomic ions:
(a) sodium acetate
(b) PbCrO4
(c) barium acetate
(d) CaSO4
(e) mercury(II) chlorite
(f) Li3PO4
(g) bismuth(V) phosphate
(h) (NH4)2HPO4
(i) rhenium(VII) permanganate
(j) Co(ClO4)2
(k) copper(II) hydrogen oxalate
(l) Fe2(SO4)3
(m) chromium(II) hydrogen sulfide
(n) Ba(ClO)2
(o) titanium(IV) nitrite

5. First classify each of the following ionic
compounds as binary, multivalent, or
polyatomic (combinations can exist). Then
write either the chemical formula or chemical
name.
(a) potassium acetate
(b) PbF2
(c) calcium acetate
(d) Li2O
(e) copper(II) chlorite
(f) Na3PO4
(g) lithium phosphide
(h) (NH4)2SO4
(i) rhenium(VII) nitride
(j) CaCl2
(k) lead(II) hydrogen oxalate
(l) Cr2S3
(m) iron(II) hydrogen sulfide
(n) PbBr4
(o) tin(IV) nitride

7.3 Ionic Compounds: Chemical Formulas and Naming 191NEL
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Molecular compounds result when atoms of non-metals bond by sharing
electrons. Since sharing electrons can take many forms, the chemical
formulas for molecular compounds cannot be predicted from the valence
electrons involved. For this reason, ion charges are not referred to in this
section.

For example, carbon atoms and oxygen atoms can share electrons in
different ways and form compounds of CO and CO2. Nitrogen�oxygen
compounds are so numerous that they often are called NOx compounds,
with formulas such as NO, N2O, NO2, and N2O4. As it is not possible to
predict how non-metals might join with other non-metals, you must know
either the chemical formula or the chemical name to write the other.

Writing Chemical Names for Molecular Compounds
from Formulas 
A prefix system is used for naming molecular compounds that consist of
only 2 non-metals. Table 1 lists the first 10 prefixes, which represent the
numbers 1 through 10. These prefixes are used to describe the number of
atoms of each non-metal element in the compound.

Look at the following examples for writing chemical names from
formulas:

Example 1: Write the chemical name for N2Cl4.
Step 1: Recognize from the Periodic Table that both elements, N and Cl, are
non-metals.
Step 2: Consider the number and name of each atom (element): 2 nitrogen
atoms, 4 chlorine atoms.
Step 3: Use prefixes, and end the last element with “ide”. The chemical name
for N2Cl4 is dinitrogen tetrachloride.

7.4 Molecular Compounds: Chemical
Formulas and Naming

Table 1 Prefixes Used in Naming Molecular Compounds

Prefix Number Prefix Number

mono 1 hexa 6

di 2 hepta 7

tri 3 octa 8

tetra 4 nona 9

penta 5 deca 10

LEARNING TIP
As you study Table 1, make
connections to your prior knowledge.
Ask yourself, “How does this relate to
what I have learned in math class?”
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Example 2: Write the chemical name for CO2.
Step 1: Recognize from the Periodic Table that both elements, C and O, are
non-metals.
Step 2: Consider the number and name of each atom (element): 1 carbon
atom, 2 oxygen atoms.
Step 3: Use prefixes, and the last element ends in “ide”. The chemical name
for CO2 is monocarbon dioxide.

If the first element has only 1 atom, the “mono” is understood, but only
on the first atom. Therefore, CO2 is carbon dioxide, but CO is carbon
monoxide. Monoxide is just easier to say than mono-oxide (monoxide), but
both are acceptable according to IUPAC standards. Otherwise, abbreviations
are not used, as shown by triiodide, decaoxide, and tetraoxide.

Several molecular compounds that you may recognize have common
names that are still used in modern chemistry. These common names can be
replaced by chemical names as shown in Table 2.

* seldom, if ever, used

Writing Formulas for Molecular Compounds from
Chemical Names 
Writing the chemical formula is just a matter of following the instructions
provided by the name. First, look up the elements involved in the Periodic
Table. Once you have determined that the compound is covalent (non-metal
with non-metal), do not look up any ion charges; simply examine the name,
as shown in Table 3.

The writing of molecular formulas is much easier than writing ionic
formulas since no ions are required, nor is any ion charge balance.

Table 2 Some Common Molecular Compounds

Chemical formula Common name Chemical name

H2O water dihydrogen monoxide*

NH3 ammonia nitrogen trihydride*

N2O laughing gas; nitrous or nitrous oxide dinitrogen monoxide

Table 3 Writing Chemical Formulas of Molecular Compounds

Chemical name Name describes Chemical formula

carbon dioxide 1 C atom, 2 O atoms CO2

sulfur trioxide 1 S atom, 3 O atoms SO3

dinitrogen tetraoxide 2 N atoms, 4 O atoms N2O4

dichlorine monoxide 2 Cl atoms, 1 O atom Cl2O

To test your skills at naming
non-ionic compounds, go to
www.science.nelson.com
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Examine the
name

Metal (positive
ion) / Non-metal
(negative ion)? Compound type

Perform charge balance if
necessary

Chemical
formula

aluminum oxide Yes:

Al3� / O2�

binary ionic Al2O3

manganese(II)
oxide

Yes:

Mn2� / O2�

ionic with multivalent
element

MnO

manganese(IV)
hydroxide

Yes:

Mn4� / OH�

ionic (both binary and
with multivalent
elements) and
polyatomic ion

Mn(OH)4

sulfur dioxide No:

S / O

non-metal/non-metal

molecular not necessary: just use prefixes in name SO2

Table 4 Writing Chemical Formulas for Ionic and Molecular Compounds

Al 3�

6�

O 2�

6�

2� � 3

Mn 4�

4�

(OH) 1�

4�

1� � 4

Mn 2�

2�

O 2�

2�

1� � 1

Examine the
chemical
formula

Metal (positive
ion) / Non-metal
(negative ion)? Compound type Use charge balance if necessary

Chemical
name

MgCl2 Yes:

Mg2� / Cl�
binary ionic not necessary magnesium

chloride

PbO2 Yes:

Pb?� / O2�

ionic with multivalent
element

lead(IV) oxide

Ni2(SO4)3 Yes:

Ni?� / SO4
2�

ionic (both binary and
with multivalent
elements) and
polyatomic ion 

nickel(III)
sulfate

P2O5 No

P / O

non-metal/non-metal

molecular not necessary; just use prefixes diphosphorus
pentaoxide

Table 5 Writing Chemical Names for Ionic and Molecular Compounds

must be

Ni ?�

6�

(SO4) 2�

6�

2� � 3

Pb ?�

4�

O 2�

4�

1� � 2

must be

A summary of all chemical formula and naming conventions discussed is
given in Table 4 and Table 5.
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1. Write either the chemical formula or chemical
name for these molecular compounds:
(a) nitrogen monoxide
(b) SiO2
(c) boron monoxide
(d) P2O5
(e) tellurium dibromide
(f) CO2
(g) dinitrogen tetraoxide
(h) SeF2
(i) carbon disulfide
(j) AsBr4
(k) arsenic trioxide
(l) S2O5
(m)sulfur dioxide
(n) CS2
(o) tetraphosphorus decaoxide

2. The bolded information in Table 6 is correct.
Some of the unbolded information is incorrect.
Copy Table 6 in your notebook and correct the
errors.

3. Copy Table 7 in your notebook.

Complete the table using the following names
or formulas in the first column:
(a) copper(II) oxide
(b) Al2S3
(c) barium acetate
(d) Fe2O3
(e) silver fluoride
(f) Na2C2O4
(g) manganese(III) oxide
(h) LiCl
(i) copper(I) hydroxide
(j) CuSO3
(k) aluminum chloride
(l) Cr(NO2)2
(m)calcium hydroxide
(n) K2Cr2O7
(o) gold(III) sulfide
(p) AlN
(q) magnesium hypochlorite
(r) NH4ClO4
(s) tricarbon disulfide
(t) BeO
(u) ammonium phosphate
(v) Cu2SO4
(w) chromium(III) chromate
(x) K2S
(y) lead(II) carbonate
(z) KMnO4

Table 7

Name or formula Formula type Name or formula

(a) barium carbide polyatomic ionic CaCO3

(b) SO2 covalent sulfur trioxide

(c) copper(II) oxide multivalent ionic Cu2O

(d) Al2O3 multivalent ionic aluminum oxide

(e) magnesium
acetate

binary ionic Mg(CH3COO)2

(f) Co2O3 multivalent ionic cobalt(II) oxide

(g) silver(I) chloride binary ionic AgCl

(h) K2C2O4 polyatomic ionic potassium(II) oxalate

(i) chromium(II)
sulfide

multivalent ionic Cr2S3

(j) NaCl binary ionic sodium
monochloride

(k) copper(II)
hydroxide

multivalent/
polyatomic ionic

Cu2OH

(l) CuSO4 multivalent/
polyatomic ionic

copper(I) sulfate

Table 6

Given Formula type Name or formula

calcium carbonate polyatomic ionic CaCO3

SO3 molecular sulfur trioxide
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Compounds, Ions, and Molecules

Key Ideas
Compounds result when elements bond together in fixed proportions.

• The simplest form of matter is an element. The smallest particle of an
element is an atom.

• A compound is made up of two or more elements chemically bonded in
fixed proportions.

• Each compound has properties that are different from the elements that
they are made from.

Bohr diagrams can illustrate how ions form.

• Bohr diagrams show how electrons are arranged in shells.

• Only the valence electrons in the valence shell are involved when atoms
join together.

• Atoms tend to acquire the same number of valence electrons as their
nearest noble gas. Noble gases have complete valence shells.

• When atoms gain or lose electrons, they become negatively or positively
charged and are called ions.

• An atom and an ion of the same element have completely different
properties. The symbol for an ion includes the charge, for example,
Na� or O2�. The symbol for an atom is written as Na or O.

Na 
11 

Cl 
17 

7
CHAPTER

Review

Na 
11 

Cl 
17 

Na 
11 

Cl 
17 

1+ 1– 

Vocabulary

bond, p. 170

valence shell, p. 170

valence electrons, p. 170

ion, p. 171

chemical bonds, p. 176

ionic compounds, p. 176

ionic bonding, p. 176

covalent or molecular compounds,
p. 177

covalent bonding, p. 177

molecule, p. 178

diatomic molecule, p. 178

phase or state, p. 180

chemical formula, p. 183

ion charge balance, p. 183

multivalent, p. 187

polyatomic ion, p. 189

Unit B Elements, Compounds, and Reactions196 NEL

Unit B_Ch 07  4/4/08  9:59 AM  Page 196



Bonding can involve electron transfer (ionic) or electron sharing
(covalent).

• A chemical bond is a force that holds atoms together to form compounds.

• There are two general types of chemical bonds: ionic and covalent.

• Ionic bonds involve a transfer of electrons between atoms. Ionic bonding
forms ionic compounds. The smallest particle of an ionic compound is an
ion. Ionic compounds separate into ions when dissolved in water so they
conduct electricity.

• Covalent bonds involve a sharing of electrons between atoms. Covalent
bonds form molecular compounds. The smallest part of a molecular
compound is a molecule. Molecular compounds do not separate into ions
when dissolved in water, so they are poor conductors of electricity.

Rules for writing chemical formulas and for naming ionic compounds
are based on ion charge balances.

• The chemical formulas for ionic compounds can be predicted by
balancing ion charges.

• The chemical names are derived from the ion names.

• Ionic compounds can be classified into binary, ionic with multivalent
elements, and ionic with polyatomic ions.

Rules for writing chemical formulas and for naming molecular
compounds are based on a prefix system.

• The chemical formulas for molecular compounds are derived from their
chemical names (and vice versa) based on a prefix system, for example,
mono, di, and tri.

Na+ Cl– Na+

Na
+ Na+

Na+

Na+

Na+ Na+
Cl–

Cl–
Cl–

Cl–

Cl–

Cl–

Cl–Na+ Cl–

Na+ Cl– Na+

Cl– Na+ Cl–

C12 H22 O11

C12 H22 O11

C12 H22 O11

C12 H22 O11

C12 H22 O11

C12 H22 O11

C12 H22 O11 C12
H22

O11
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Review Key Ideas and Vocabulary
1. Which of the following describes compounds?  

A. They have atoms as their smallest particles.
B. They can be easily separated by physical

methods.
C. They cannot be broken down into simpler

substances.
D. They are composed of two or more

elements in fixed proportions.

2. Atoms form compounds through interactions of
which of the following?
A. nuclei
B. protons
C. neutrons
D. electrons

3. What are the valence electrons in an atom?
A. the total number of electrons 
B. the electrons in the outermost shell
C. the electrons that always occupy the first

shell
D. the number of electrons that equal the

protons

4. Which of the following is an example of an ion?
A. O
B. O2�

C. O2
D. 2O

5. Which of the following is the smallest particle of
an element?
A. ion
B. atom
C. molecule 
D. compound

6. What is the main difference between ionic
bonding and covalent bonding?

7. Which of the following is the smallest particle of
a covalently bonded compound?
A. ion
B. atom
C. element
D. molecule

8. How do ions form? 

A. I only
B. II only
C. III only
D. I and III

9. Why is a crystal of an ionic compound held
together so strongly?
A. Ionic bonds are a result of electron transfer.
B. Similar ions are strongly attracted to each

other.
C. Crystals have a definite shape that results

from ionic bonds.
D. Each ion is equally attracted to all adjacent

oppositely charged ions.

10. Compare the melting points for ionic
compounds and molecular compounds. Explain
why they are different.

11. What is the concept used in determining the
fixed proportions of elements in ionic
compounds?

12. What are the names of the following?
(a) Ca2�

(b) K 
(c) K�

(d) S2�

(e) SO4
2�

(f) NH4
�

Use What You’ve Learned
13. How do positive ions form?

A. Atoms gain protons.
B. Atoms lose protons.
C. Atoms gain electrons.
D. Atoms lose electrons.

14. Draw Bohr diagrams for atoms of lithium,
beryllium, magnesium, phosphorus, fluorine,
and argon.

15. Draw Bohr diagrams for the ions of sulfur,
potassium, aluminum, and nitrogen.

16. Can an atom turn into an ion on its own?
Explain.

Many of these questions are in the style of the Science 10 Provincial Exam.
The following icons indicate an exam-style question and its cognitive level.

Knowledge       Understanding and Application           Higher Mental ProcessesK HMPU

K

K

K

K

K

K

K

U

I Atoms gain or lose protons.

II Atoms gain or lose neutrons.

III Atoms gain or lose electrons.

K

Unit B_Ch 07  4/4/08  9:59 AM  Page 198



Chapter 7 Review 199NEL

17. Indicate the nearest noble gases for each of the
following atoms. Secondly, state the number of
electrons that each atom will gain or lose.
Thirdly, write the symbol for the ion that will
form.
(a) H
(b) N
(c) Li
(d) S
(e) Al
(f) Cl
(g) O
(h) Ca

18. What is the chemical formula for barium
nitrate?
A. Ba3N2
B. BaNO3
C. Ba(NO3)2
D. Ba(NO2)2

19. For each of the following compounds, classify it
as ionic or molecular and write its chemical
formula.
(a) barium nitrate
(b) ammonium sulfate
(c) lead(II) chloride
(d) aluminum sulfide
(e) carbon disulfide

20. For each of the following compounds, classify it
as ionic or molecular and write its chemical
name.
(a) KCl
(b) (NH4)3N
(c) P3Br6
(d) Cr2O3
(e) Mg3(PO4)2

21. For each of the following compounds, classify it
as ionic or molecular and write the chemical
name or formula.
(a) NaBr
(b) magnesium sulfate
(c) NBr3
(d) lead(IV) oxide
(e) Ca(MnO4)2

Think Critically
22. Oppositely charged ions are held together by

electrostatic forces. What other opposite forces
in nature hold objects together?

23. At a molecular level, why is it unlikely to find a
single isolated unit such as KBr? Use a sketch to
support your answer.

24. Write out and number your own set of rules
that explain how to correctly write chemical
formulas for ionic compounds given the
chemical name.

25. Write out and number your own set of rules
that explain how to correctly write chemical
formulas for molecular compounds given the
chemical name.

26. Which of the following correctly list a
compound with its formula and compound
type?

A. I and III only
B. II and III only
C. III and IV only
D. I, II, and III only

27. Suppose you are asked to predict the chemical
formula for the covalent compound that results
when nitrogen atoms combine with oxygen
atoms. Conduct an Internet search to determine
if a formula for nitrogen oxide exists and write a
brief paragraph to report what you learn.

Reflect on Your Learning
28. Why do you think that chemistry is often

referred to as the “central science”? Give some
examples to support your reasoning.

U

HMP

Name Formula Type

I carbon dioxide CO2 molecular

II lithium sulfate LiSO4 polyatomic ionic

III potassium chloride KCl binary ionic

IV manganese(II) sulfate Mn2SO4 multivalent ionic

www.science.nelson.com GOGO

Visit the Quiz Centre at
www.science.nelson.com GOGO
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