CHEMICAL NAMES AND FORMULAS

Chapter 6
Section 6.1

INTRODUCTION TO
CHEMICAL BONDING
Section 6.2

REPRESENTING CHEMICAL
COMPOUNDS
Section 6.3

IONIC CHARGES
Section 6.4

IONIC COMPOUNDS
Section 6.5

MOLECULAR COMPOUNDS
AND ACIDS
The first cola formula was made and sold in Waco, Texas.

Section 6.6

SUMMARY OF NAMING AND
FORMULA WRITING
FEATURES
DISCOVER IT!
Element Name Search
SMALL-SCALE LAB
Names and Formulas of Ionic Compounds
MINI LAB
Making Ionic Compounds
CHEMath
Prefixes and Suffixes
CHEMISTRY SERVING...
THE CONSUMER
What's in a Name?
CHEMISTRY IN CAREERS
Pharmacist
LINK TO ENVIRONMENTAL AWARENESS
A Toxic Environmental Gas

SCIENCE H N 6

Stay current with

Find out more about chemical formulas:
www.phschool.com

132

Chapter 6

[

ELEMENT NAME SEARCH

You need a variety of ingredient labels from items such as breads,
cake mixes, baking soda, cereals, soap, shampoo, conditioner,
toothpaste, and antacids.
1. Select a variety of ingredient labels from the suggested items or
from similar ones.
2. List all the ingredients that you recognize. Do not be discouraged
by the many unfamiliar names—there are thousands upon thousands of substances used in everyday products.
3. With the help of a periodic table, make another list of all the
ingredient names that contain the name of an element.
Did you find the same element name in more than one product?
What element names are on both lists? Did all the ingredients have
complex chemical-sounding names? How do the names of elementcontaining compounds compare with the other names on your list?
Return to your list after completing this chapter and identify which
are common names and which are systemic names.

INTRODUCTION TO
CHEMICAL BONDING
Cjlobally, there are about 5 million lightning strikes each
day during thunderstorms, snowstorms, and dust storms.
Lightning is often observed during volcanic eruptions. Lightning strikes have been
responsible for loss of life, forest fires, house fires, power outages, and aircraft
accidents. A lightning strike is an electrical discharge that usually occurs between the
negatively charged bottom of a cloud and the oppositely charged Earth below.
Positive and negative charges are important in chemistry. What role do positive
and negative charges play in the formation of ions?

objectives
• Distinguish between ionic
and molecular compounds
• Define cation and anion
and relate them to metal
and nonmetal
key terms
• molecule
• molecular compounds
• ions
• cation
• anions
• ionic compounds

Molecules and Molecular Compounds
Elements are the building materials of the substances that make up all living
and nonliving things. Although there are only about 100 different elements,
there are millions of different compounds made from their atoms. When
scientists communicate, they must know which compounds they are discussing. Thus, naming compounds is an essential skill in chemistry.
In nature, only the noble gas elements, such as helium and neon, tend to
exist as isolated atoms. They are monatomic; that is, they consist of single
atoms, as shown in Figure 6.1. Many elements found in nature are in the

Figure 6.1
The noble gases, including helium and neon, are monatomic. That means they exist as
single atoms. Helium, which is less dense than air, is often used to inflate balloons. The
colors produced in what we commonly call neon lights are a result of passing an electric
current through one or more noble gases. Neon actually produces an orange-red color.
Helium gives a yellowish light, argon shines lavender, krypton produces a whitish light,
and xenon gives blue.
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Figure 6.2
The diatomic molecule oxygen and the triatomic molecule ozone are both composed of
atoms of oxygen. Ozone is produced during electrical discharges, such as lightning, and
is found in a layer of Earth's stratosphere.

Water (H20)

Carbon monoxide (CO)
figure 6.3
Water is a molecular compound
with molecules composed of two
hydrogen atoms and one oxygen
atom. Carbon monoxide is a
molecular compound with molecules composed of one carbon
atom and one oxygen atom. Most
molecular compounds are gases,
liquids, or low-melting solids.
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form of molecules. A molecule is the smallest electrically neutral unit of a
substance that still has the properties of the substance. Molecules are made
up of two or more atoms that act as a unit, as shown in Figure 6.2. For example, the oxygen gas in the air you breathe consists of oxygen molecules that
contain two oxygen atoms each. Oxygen is an example of a diatomic molecule. Ozone is another molecular form of oxygen. In Earth's atmosphere,
ozone absorbs harmful ultraviolet radiation from the sun. Each molecule of
ozone is composed of three oxygen atoms. Therefore, ozone is a triatomic
molecule.
Atoms of different elements may combine chemically to form compounds. In many compounds, the atoms combine to form molecules.
Compounds composed of molecules are called molecular compounds.
Molecular compounds tend to have relatively low melting and boiling
points. Many of these compounds thus exist as gases or liquids at room
temperature. The molecules in most molecular compounds are composed
of the atoms of two or more nonmetals. For example, one atom of carbon
can combine with one atom of oxygen to produce one molecule of a compound known as carbon monoxide. Carbon monoxide is a poisonous gas
produced by the burning of gasoline in internal-combustion engines. Two
hydrogen atoms can combine with one oxygen atom to produce one molecule of the compound water. The molecules of a given molecular
compound are all the same. However, they differ from the molecules of all
other molecular compounds. As you can see in Figure 6.3, all carbon
monoxide molecules are identical, but carbon monoxide molecules are different from water molecules. Do the compounds carbon monoxide and
water consist of diatomic or triatomic molecules?

section 6.1

Ions and Ionic Compounds
Not all compounds are molecular. Many compounds are composed of
particles called ions. Ions are atoms or groups of atoms that have a positive
or negative charge. An ion forms when an atom or group of atoms loses or
gains electrons. Recall that an atom is electrically neutral because it has
equal numbers of protons and electrons. For example, an atom of sodium
(Na) has 11 positively charged protons and 11 negatively charged electrons.
The net charge on a sodium atom is zero [11 + (-11) = 0]. In forming a
chemical compound, however, an atom of sodium tends to lose one of its
electrons. The number of electrons in the atom is then no longer equal to
the number of protons. The atom of sodium becomes an ion. Because there
are more positive charges (protons) than negative charges (electrons), the
sodium ion has a positive charge.
Atoms of the metallic elements, such as sodium, tend to form ions by
losing one or more electrons. Such ions are called cations. A cation
is any atom or group of atoms that has a positive charge. A cation has fewer
electrons than the electrically neutral atom from which it formed. An ionic
charge is written as a number followed by a sign. Look at Figure 6.4. Because
a sodium cation has 11 protons but only 10 electrons, it must have a charge
of 1 +. The number 1 is usually omitted when writing the complete symbol
for the ion; thus Na1+ and Na+ are equivalent. Magnesium (Mg) is another
example of an atom that tends to form cations. Magnesium does so by losing
two electrons. Therefore, a magnesium cation has a charge of 2 + because it
has 12 protons but only 10 electrons. Its symbol is Mg2+.

Lose one electron
-1e"

ChemASAP)
Animation 5
Discover the different
ways that atoms of elements
combine to form compounds
Nucleus
11p+
12n°
Sodium ion
(Na+)

Sodium atom
(Na)

Gain one electron
-Me"

^v
Chlorine atom
(CI)

Chloride ion
(CI")

Figure 6.4
A sodium atom loses an electron
to become a positively charged
Nucleus sodium ion. A chlorine atom gains
17p +
an electron to become a negatively
18n°
charged chloride ion. What are the
names for positively and negatively charged ions?
Chemical Names and Formulas
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For metallic elements, the name of a cation is the same as the name of
the element. As you have already seen, a sodium atom forms a sodium
cation. Likewise, a lithium atom (Li) forms a lithium cation (Li+), and an
aluminum atom (Al) forms an aluminum cation (Al3+). How many electrons does an aluminum atom lose to form an aluminum cation?
Although their names are the same, there are many important chemical differences between metals and their cations. Sodium metal, for
example, reacts explosively with water. By contrast, sodium cations are
quite unreactive. As you may know, they are a component of table salt, a
compound that is very stable in water.
Atoms of nonmetallic elements tend to form ions by gaining one or
more electrons. In this way they form anions, which are atoms or groups of
atoms that have a negative charge. An anion has more electrons than the
electrically neutral atom from which it formed. Look again at Figure 6.4 on
the preceding page to see what happens when a chlorine atom (CI) gains
one electron to form an anion. The chloride anion has 17 protons and 18
electrons. Therefore, it has an ionic charge of 1-. The chloride anion is written as CI". Here again, the number 1 is usually omitted when writing the
complete symbol for the ion. Another common anion is the oxide anion. An
oxygen atom gains two electrons in forming this ion, so the oxide anion has
an ionic charge of 2-. It is written O 2 - . Notice that the name of an anion of
a nonmetallic element is not the same as the element name. The name of
the anion typically ends in -ide. Thus a sulfur atom (S) forms a sulfide anion
(S2~), and a bromine atom (Br) forms a bromide anion (Br").

Sample Problem 6-1
Write the symbol and name of the ion formed when
a. a strontium atom loses two electrons.
b. an iodine atom gains one electron.

Practice Problems
1. Give the name and symbol of
the ion formed when
a. a sulfur atom gains two
electrons.
b. an aluminum atom loses
three electrons.
c. a calcium atom loses two
electrons.
2. How many electrons are lost or
gained in forming each ion?
a. Ba2+ b. As 3c. Cu2+
Problem-Solving 1
Solve Problem 1 with the help
of an interactive guided tutorial.
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2. SOLVE Apply the problem-solving strategy.
a. Sr2+, strontium ion (a cation)
b. I", iodide ion (an anion)
3. EVALUA IE Do the results make sense ?
It makes sense that a metal atom that loses two negatively
charged electrons should form a cation with a 2+ charge. It also
makes sense that a nonmetal atom that gains one electron
should form an anion with a 1- charge. The names conform to
the naming convention.

ChemASAP!
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1. ANALYZE Plan a problem-solving strategy.
a. An atom that loses electrons forms a positively charged
ion (cation). The name of a cation of a metallic element
is the same as the name of the element.
b. An atom that gains electrons forms a negatively charged
ion (anion). The name of an anion of a nonmetallic element ends in -ide.

section 6.1

Compounds composed of cations and anions are called ionic
compounds. Ionic compounds are usually composed of metal cations and
nonmetal anions. One example of an ionic compound is sodium chloride,
or table salt, which is composed of sodium cations and chloride anions.
Another example is calcium oxide, commonly known as lime, which is
composed of calcium cations and oxide anions. Although they are composed of ions, ionic compounds are electrically neutral. The total positive
charge of the cations equals the total negative charge of the anions. Ionic
compounds are usually solid crystals at room temperature, and they melt
at high temperatures. Table 6.1 summarizes some of the important differences between the properties of molecular compounds and ionic
compounds. Knowing the differences in these properties can often be
helpful in distinguishing between molecular and ionic compounds.
Table 6.1
Characteristics of Molecular and Ionic Compounds
Ionic compound

Molecular compound

Characteristic
Representative unit

Molecule

Formula unit (balance of
oppositely charged ions)

Type of elements

Nonmetallic

Metallic combined with
nonmetallic

Physical state

Solid, liquid, or gas

Solid

Melting point

Low (usually below 300 °C)

High (usually above 300 °C)

section review 6.1

3. List three characteristics that distinguish ionic compounds from molecular compounds.
4. What is a cation? What is an anion? Relate the two to metals and to
nonmetals.
5. What does the presence of an-ide ending on the name of an ion tell you
about that ion?
6. What are the only elements that exist in nature as isolated atoms? What
term is used to describe such elements?
7. What is a molecule? What is the difference between a diatomic molecule and a triatomic molecule? Give an example of each.
8. Write the symbol and name for the cation formed when
a. a potassium atom loses one electron.
b. a zinc atom loses two electrons.
9. Write the symbol and name for the anion formed when
a. a fluorine atom gains one electron.
b. a sulfur atom gains two electrons.
(hem ASAP! Assessment 6.1 Check your understanding of the important
ideas and concepts in Section 6.1.
Chemical Names and Formulas
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objectives
•

Distinguish among chemical
formulas, molecular formulas,
and formula units
• Use experimental data to show
that a compound obeys the law
of definite proportions
key terms
• chemical formula
• molecular formula
• formula unit
• law of definite proportions
• law of multiple proportions

REPRESENTING
CHEMICAL COMPOUNDS
On the surface, identical twins may appear to be exactly the
same. After all, they were formed from the same fertilized

^

:

egg. On closer inspection, however, twins can be very different. Twins share some
physical characteristics but are never completely alike. The same is true for chemical
compounds made from the same elements. There are pairs of compounds that contain the same elements but have very different physical and chemical properties. How
can two elements combine to form more than one chemical compound?

Chemical formulas

Hydrogen (H2)

^

Fluorine (F2)

Oxygen (02)

Nitrogen (N2)

W $

Chlorine (Cl2)

Bromine (Br2)

Iodine (I2)

Figure 6.5
These models represent seven
nonmetallic elements that exist as
diatomic molecules. What does the
subscript 2 indicate in each case?
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Chemists have identified more than ten million chemical compounds.
Some of these are molecular compounds, such as the proteins and hormones in your body. Others, such as the salts in body fluids, are ionic
compounds. No two of these compounds have identical properties. In this
section, you will learn how a chemical formula represents the composition
of each of these chemical substances.
A chemical formula shows the kinds and numbers of atoms in the
smallest representative unit of the substance. You can represent the chemical formulas of monatomic elements by means of their atomic symbols.
For example, helium and neon have the chemical formulas He and Ne,
respectively. If the molecules of the element each have more than one
atom, a number is used as a subscript. For example, the diatomic form of
oxygen has the formula 0 2 (read as "oh two"). The names and chemical formulas of the seven diatomic elements pictured in Figure 6.5 are hydrogen
(H2), fluorine (F2), oxygen (02), nitrogen (N2), chlorine (Cl2), bromine (Br2),
and iodine (I2). Because of the importance of these elements, you should
remember their names and formulas. The ozone molecule, which is composed of three atoms of oxygen, has the formula 0 3 .

Molecular Formulas
The chemical formula of a molecular compound is called a molecular formula. A molecular formula shows the kinds and numbers of atoms present in
a molecule of a compound. A water molecule is a tightly bound unit of two
hydrogen atoms and one oxygen atom. The molecular formula of water is
H 2 0. Notice that a subscript written after the symbol indicates the number of
atoms of each element. If there is only one atom, the subscript 1 is omitted.
The molecular fonnula of carbon dioxide is C0 2 . This formula represents a
molecule containing one carbon atom and two oxygen atoms. As shown in
Figure 6.6, ethane, a component of natural gas, is also a molecular compound. The molecular fonnula for ethane is C2H6. According to this formula,
one molecule of ethane contains two carbon atoms and six hydrogen atoms.
Although a molecular formula shows the composition of a molecule,
it tells you nothing about the molecule's structure. In other words, it
does not show the arrangement of the various atoms. As shown in
Figure 6.7, a variety of diagrams and molecular models can be used to

section 6.2

Ethane (C2H6)

Figure 6.6
Ethane is a component of natural gas. What information is given in its molecular formula,
C2H6?

show the arrangement of the atoms in a molecule of ammonia gas (NH3).
Diagrams and molecular models such as these will be used throughout
the textbook to illustrate the arrangement of atoms in a molecule.

H

NH3 (g)

N

A

figure 6.7

H

H

Molecular formula

H

N

Ammonia (NH3) is used in solution as a cleaning agent. Here are
some ways the ammonia molecule
can be represented and visualized.

Perspective drawing

H

H

Space-filling
molecular model

Structural formula

Ball-and-stick molecular model

Look at Figure 6.8 to see the chemical formulas and structures of some
other molecular compounds. On the basis of its molecular structure, what
do you know about a molecule of ethanol?

Hydrogen atom (H)

9

Carbon atom (C)

Figure 6.8

Oxygen atom (0)

•
Water (H20)
1 molecule of H20 contains
2 hydrogen atoms
1 oxygen atom

Carbon dioxide (C02)
1 molecule of C02 contains
2 oxygen atoms
1 carbon atom

Ethanol(C2H60)
1 molecule of C2H60 contains
6 hydrogen atoms
2 carbon atoms
1 oxygen atom

The formula of a molecular compound indicates the numbers and
kinds of atoms in a molecule of
the compound. The arrangement
of the atoms within a molecule is
called the molecular structure.
Which of these molecules has the
greatest number of oxygen
atoms?
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formula Units
Chemical formulas can also be written for ionic compounds. In this case,
however, the formula does not represent a molecule. Recall that sodium
chloride (table salt) is an ionic compound. Sodium chloride is composed of
equal numbers of sodium cations (Na+) and chloride anions (CD. As you
can see in Figure 6.9, the ions in solid NaCl are arranged in an orderly pattern. There are no separate molecular units, only a continuous array of ions.
To represent an ionic compound, chemists use a formula unit, which is the
lowest whole-number ratio of ions in the compound. For sodium chloride,
the lowest whole-number ratio of the ions is 1:1 (one Na+ to each Cl~). Thus
the formula unit for sodium chloride is NaCl. Notice that although ionic
charges are used to derive the correct formula, they are not shown when you
write the formula unit of the compound.
The ionic compound magnesium chloride contains magnesium
cations (Mg2+) and chloride anions (Cl~). In magnesium chloride, the ratio
of magnesium cations to chloride anions is 1:2 (one Mg2+ to two CI"). So its
formula unit is MgCl2. Because there are twice as many chloride anions
(each with a 1 - charge) as magnesium cations (each with a 2+ charge), the
compound is electrically neutral. What is the ratio of aluminum to chloride
ions in A1C13?
Remember, there is no such thing as a molecule of sodium chloride or
magnesium chloride. Instead, these compounds exist as collections of
positively and negatively charged ions arranged in repeating threedimensional patterns.

Sodium ion (Na+)

Arrangement of
Na+ ions and CI" ions
in a crystal of sodium
chloride

Structure of sodium
ion and chloride ion

Crystals of sodium chloride

Figure 6.9
Sodium cations and chloride anions form a repeating three-dimensional array in sodium
chloride (NaCl). Chemists use a formula unit to represent ionic compounds such as
sodium chloride. How many ions make up a single formula unit of this compound?

140

Chapter 6

section 6.2

figure 6.10

The Laws of Definite and Multiple Proportions
Consider the compound magnesium sulfide (MgS). It is produced by the
combination of two kinds of ions, magnesium cations and sulfide anions.
If you could take 100.00 g of magnesium sulfide and break it down into its
elements, you would always obtain 43.13 g of magnesium and 56.87 g of
sulfur. The ratio of these masses is 43.13/56.87 or 0.7584:1. The way the
magnesium sulfide formed or the size of the sample does not change this
mass ratio. Like all compounds, MgS obeys the law of definite proportions,
which states that in samples of any chemical compound, the masses of the
elements are always in the same proportions. This law is consistent with
Dalton's atomic theory. If atoms combine in simple whole-number ratios,
as Dalton postulated, it follows that their proportions by mass must always
be the same.
In the early 1800s, Dalton and others studied pairs of compounds that
contain the same elements but have different physical and chemical properties. For example, Figure 6.10 shows two compounds—water (H20) and
hydrogen peroxide (H202)—formed by the elements hydrogen and oxygen. The formulas of these compounds were not known in Dalton's time.
Each compound obeys the law of definite proportions. In every sample of
hydrogen peroxide, 16.0 g of oxygen are present for each 1.0 g of hydrogen.
The mass ratio of oxygen to hydrogen is always 16 to 1. In every sample of
water, the mass ratio of oxygen to hydrogen is always 8 to 1. If a sample of
hydrogen peroxide has the same mass of hydrogen as a sample of water,
the ratio of the masses of oxygen in the two compounds is exactly 2:1.

Water and hydrogen peroxide both
contain only atoms of hydrogen
and oxygen. Nevertheless, they
have different chemical and physical properties. Water (a) does not
bleach dyes, whereas hydrogen
peroxide (b) bleaches most dyes.
What is the formula of hydrogen
peroxide ?

10g

16 g O (in H 2 0 2 sample that has 1 g H)
8 g O (in H 2 0 sample that has 1 g H)

=i6
8

=

2_
1

Using the results from these kinds of studies, Dalton stated the law of
multiple proportions: Whenever two elements form more than one compound, the different masses of one element that combine with the
same mass of the other element are in the ratio of small whole numbers.
Figure 6.11 illustrates the law of multiple proportions.

2g

12g

Figure 6.II
777/s is an example of Dalton's law
of multiple proportions. Two compounds, C and D, contain equal
masses of B. The ratio of the
masses of A in these compounds
is 5:10 or 1:2 (a small wholenumber ratio).
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Sample Problem 6-2
Carbon reacts with oxygen to form two compounds. Compound A
contains 2.41 g of carbon for each 3.22 g of oxygen. Compound B
contains 6.71 g of carbon for each 17.9 g of oxygen. What is the
lowest whole-number mass ratio of carbon that combines with a
given mass of oxygen?

Practice Problems
10. Lead forms two compounds
with oxygen. One compound
contains 2.98 g of lead combined with 0.461 g of oxygen.
The other compound contains
9.89 g of lead combined with
0.763 g of oxygen. What is the
lowest whole-number mass
ratio of lead in the two compounds that combines with a
given mass of oxygen?
11. In the compound nitrous oxide,
also known as laughing gas and
used as an anesthetic in dentistry, the mass ratio of nitrogen
to oxygen is 7:4. A 68-g sample
of a compound composed of
nitrogen and oxygen contains
42 g of nitrogen. Is the sample
nitrous oxide? Explain.

1. ANALYZE Plan a problem-solving strategy.
The law of multiple proportions applies to two different compounds composed of the same two elements. For each
compound, find the grams of carbon that combine with each
1.00 g of oxygen by dividing the mass of carbon by the mass of
oxygen. Then find the ratio of the masses of carbon in the two
compounds by dividing one into the other. Confirm that the
ratio is a low whole-number ratio.
2. SOLVE Apply the problem-solving strategy.
2.41 gC
0.748 gC
Compound A
^ ^ Q = 1.00 gO
Compound B

6.71 gC
0.375 gC
- ^ ^ ^ = ToOgO-

Compare the masses of carbon per gram of oxygen.
0.748 g C (in compound A)
^ 99
2
0.375 g C (in compound B) = "V" = r o u § h l y J = 2 : 1
The mass ratio of carbon per gram of oxygen in the compounds
is2:l.

taASAP!
Problem-Solving 11
Solve Problem 11 with the help
of an interactive guided tutorial.

n

3. EVALUATE Does the result make sense?
The ratio is a low whole-number ratio, as expected. For a given
mass of oxygen, there is twice the mass of carbon in compound
A as in compound B.

section review 6.2
12. Differentiate among a chemical formula, a molecular formula, and a
formula unit.
13. How are experimental data used to show that a compound obeys the
law of definite proportions?
14. Which law is illustrated by this statement: "In every sample of carbon
monoxide, the mass ratio of carbon to oxygen is 3:4"?
15. Which law is illustrated by this statement: "When carbon and oxygen
form the compounds carbon monoxide and carbon dioxide, the different masses of carbon that combine with the same mass of oxygen are
in the ratio of 2:1"?
(hem ASAP! Assessment 6.2 Check your understanding of the important
ideas and concepts in Section 6.2.
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IONIC CHARGES

section 6.3

In the play Romeo and Juliet, William Shakespeare wrote,
"What's in a name? That which we call a rose/By any other
name would smell as sweet." What we call a rose in English
is rosa in Spanish, warda in Arabic, and julab in Hindi. To
truly understand someone from another culture, you must first learn their language.
Similarly, to understand chemistry, you must learn its language. Learning the language of chemistry involves learning the names of ionic compounds. What are the
rules tor naming monatomic and polyatomic ions?

objectives
• Use the periodic table to
determine the charge on an ion
• Define a polyatomic ion and give
the names and formulas of the
most common polyatomic ions
key terms
• monatomic ions
• polyatomic ions

Monatomic Ions
To write chemical formulas for ionic compounds, you must know the types
of ions that atoms tend to form. That means you must know the ionic
charges typically obtained by the elements. For monatomic ions, or ions
consisting of only one atom, the ionic charges can often be determined by
using the periodic table.
Recall that metallic elements tend to lose electrons. Lithium, sodium,
and potassium (in Group 1A) form cations. These ions have a 1+ charge
(Li+, Na+, and K+), as do all the other Group 1A ions. Magnesium and calcium are Group 2A metals. They form cations with a 2+ charge (Mg2+ and
Ca2+), as do all the other Group 2A metals. Aluminum is the only common
Group 3A metal. As you might expect, it forms a 3+ cation (Al3+). Thus the
metals in Groups 1 A, 2A, and 3A lose electrons when they form cations. The
ionic charge is positive and is numerically equal to the group number.
The numerical charge of an ion of a Group A nonmetal is determined
by subtracting the group number from 8. Because nonmetals tend to gain
electrons and form anions, the sign of the charge is negative. For example,
the elements in Group 7A form anions with a 1- charge ( 8 - 7 = 1). The
anions for this group include fluoride (F~) and chloride (CD. Anions of
nonmetals in Group 6A have a 2 - charge ( 8 - 6 = 2); the oxide anion (O2-)
is an example. The three nonmetals in Group 5A can form anions with a
3 - charge (8 - 5 = 3); one example is the nitride ion (N3~). Table 6.2 summarizes the ionic charges of representative elements that can be obtained
from the periodic table. What is the charge of an iodide ion?
Table 6.2
Ionic Charges of Representative Elements
1Av\

2A

Li +

Be 2+

Na+

Mg 2 +

K+

Ca 2+

Rb +

Sr 2 +

Cs +

Ba 2+

3A

Al 3 +

4A

5A

6A

7A

N3-

o2-

p3-

s2-

r
cr

AS3"

Se 2 "

Br

r
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Figure 6.12
Many compounds containing the
Fe2+ ion are blue-green, whereas
those compounds containing the
Fe3+ ion tend to be yellow-brown.
Note that the ions can be named
by means of the Stock system as
iron(ll) and iron(lll) or by means
of the classical system as ferrous
(the lower charge) and ferric
(the higher charge).

The majority of the elements in the two remaining representative
groups, 4A and 0, usually do not form ions. The elements in Group 0 rarely
form compounds. Ordinarily, the two nonmetals in Group 4A, carbon and
silicon, are found in molecular compounds.
Unlike the cations of the Group 1A, 2A, and 3A metals, many of the
cations of transition metals have more than one common ionic charge.
(This is also a characteristic of cations of tin and lead, the two metals in
Group 4A.) For example, the transition metal iron forms two common
cations, Fe 2+ and Fe3+. There are two methods of naming such cations. The
preferred method is called the Stock system. As part of the name of the element, a Roman numeral in parentheses indicates the numerical value of the
charge. As you will discover if you look at Table 6.3, when using the Stock
system, the cation Fe 2+ is named the iron(II) ion. This is read as the "iron
two ion." Note that there is no space between the element name and the
first parenthesis.
An older, less preferred method of naming these cations uses a root word
with different suffixes at the end of the word. The older, or classical, name of the
element is used to form the root word—for example fen-, from femim, which
is Latin for iron. The suffix -oiis is used to name the cation with the lower of
the two ionic charges. The suffix -ic is used with the higher of the two ionic
charges. Using this system, Fe2+ is the ieuous cation, and Fe3+ is the ferric
cation, as shown in Table 6.3. Notice that you can usually identify an element
from what may be an unfamiliar classical name by looking for the symbol of the
element in the name. Thus /crrous (Fe) is iron; cwprous (Cu) is copper; and
sta/znous (Sn) is tin. A major disadvantage of using the classical name for ions
is that they do not tell you the actual charge of the ion. The name tells you only
that the cation has either the smaller {-ous) or the larger {-ic) charge of the pair.
Table 6.3
Formulas and Names of Common Metal Ions with More than One Ionic Charge
Formula

Stock name

Classical name

Cu+

Copper(l) ion
Copper(ll) ion
Iron(ll) ion
Iron(lll) ion
Mercury(l) ion
Mercury(ll) ion
Lead(ll) ion
Lead(IV) ion
Tin(ll) ion
Tin(IV) ion
Chromium(ll) ion
Chromium(lll) ion
Manganese(ll) ion
Manganese(lll) ion
Cobalt(ll) ion
Cobalt(lll) ion

Cuprous ion
Cupric ion
Ferrous ion
Ferric ion
Mercurous ion
Mercuric ion
Plumbous ion
Plumbic ion
Stannous ion
Stannic ion
Chromous ion
Chromic ion
Manganous ion
Manganic ion
Cobaltous ion
Cobaltic ion

Cu 2+
Fe2+
Fe3+
*Hg 2 2+
Hg 2+
Pb 2+
Pb 4+
Sn 2+
Sn 4+
Cr 2+
Cr 3+
Mn 2 +
Mn 3 +
Co 2+
Co 3+
"A diatomic elemental ion.
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A few transition metals have only one ionic charge. The names
of these cations do not have a Roman numeral. These exceptions
include silver, with cations that nearly always have a 1+ charge (Ag+),
and cadmium and zinc, with cations that nearly always have a 2+
charge (Cd2+ and Zn2+). As Figure 6.13 shows, many transition metal
compounds are used as pigments.

figure 6.13
Many transition metals form
brightly colored compounds that
are used in making artists' paints.

Sample Problem 6-3
What is the charge of the ion typically formed by each element?
(For transition metals with more than one common ionic charge,
the number of electrons lost is indicated.)
a. sulfur
d. argon
b. lead, 4 electrons lost
e. bromine
c. strontium
f. copper, 1 electron lost
1. ANALYZE Plan a problem-solving strategy.
a.-f. The charge of the ion of a representative (Group A)
element is determined by that element's location in the
periodic table. Group A metals have a positive charge equal
to the group number. The charge of a Group A nonmetal is
negative and numerically equal to 8 minus the group number. Ionic charges of transition metals cannot usually be
read from the periodic table but can be determined from
the number of electrons lost in forming the ion.
2. SOLVE Apply the problem-solving strategy.
a. 2 - (nonmetal in Group 6A; 8 - 6 = 2)
b. 4+ (4 electrons lost)
c. 2+ (metal in Group 2A)
d. no ion formed (in Group 0)
e. 1 - (nonmetal in Group 7A; 8 - 7 = 1)
f. 1 + (1 electron lost)
3. EVALUATE Do the results make sense?
As expected, the metals formed positively charged ions
(cations) by losing one or more electrons. The nonmetals
formed negatively charged ions (anions) by gaining one or
more electrons.

Practice Problems
16. What is the charge of the typical ion of each element?
a. selenium
c. cesium
b. barium
d. phosphorus
17. How many electrons does the
neutral atom gain or lose when
each ion forms?
a. Fe 3+
c. Cu+
b. O 2 -

d. C d 2 +

OMASAP!
Problem-Solving 16
Solve Problem 16 with the help
of an interactive guided tutorial.
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Sample Problem 6-4
Name the ions in Sample Problem 6-3. Classify each as a cation or
an anion.
1. ANALYZE Plan a problem-solving strategy.
a.-f. Apply the different rules for naming cations and
anions. The names of nonmetallic anions end in -ide.
Metallic cations take the name of the metal. If the metal
has more than one common ionic charge, a Roman
numeral or classical name with a suffix is used.
2. SOLVE Apply the problem-solving strategy.
a. sulfide ion, anion
b. lead(IV) or plumbic ion, cation
c. strontium ion, cation
d. a noble gas, no ion formed
e. bromide ion, anion
f. copper(I) or cuprous ion, cation

Practice Problems
18. Name each ion in Practice
Problem 16. Identify each as
an anion or a cation.
19. Name each ion in Practice
Problem 17.

u

3. EVALUATE Do the results make sense?
The rules have been applied correctly. Each name uniquely
identifies an ion and provides sufficient information for the
formula of the ion to be written.

Polyatomic Ions
All the ions mentioned to this point are monatomic ions; that is, they are
composed of only one atom. Unlike monatomic ions, the sulfate anion is
composed of one sulfur atom and four oxygen atoms. These five atoms
together form a sulfate anion. It has a 2 - charge and is written S O / - .
Polyatomic ions, such as sulfate, are tightly bound groups of atoms that
behave as a unit and carry a charge. You can see the structures of some
polyatomic ions in Figure 6.14.
Figure 6.14
These models show the arrangement of atoms in four common
polyatomic ions.
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Nitrate ion
(N03-)

Phosphate ion
(P0)4433 ^

Sulfate ion
(S042")

Ammonium ion
(NH4+)

section 6.3

Table 6.4 lists the names and formulas of some common polyatomic
ions. The ions are grouped by charge. Observe that the names of most of
the polyatomic anions end in -ite or -ate. However, there are three important exceptions: the positively charged ammonium cation (NH4+) and
two polyatomic anions that end in -ide, the cyanide ion (CN~) and the
hydroxide ion (OH~).
Examine the relationships among the polyatomic ions below for which
there is an -iteI-ate pair. Look at the charge on each ion in the pair, the
number of oxygen atoms, and the endings on each name. You should be
able to discern a pattern in the naming convention.
-ite

S0 3 ", sulfite

-ate
2- sulfate
SO/~,

N02", nitrite

N03", nitrate

C102", chlorite

C103~, chlorate

2

The charge on each polyatomic ion in a given pair is the same. The -ite ending indicates one less oxygen atom than the -ate ending. However, the
ending does not tell you the actual number of oxygen atoms in the ion. For
example, the nitrite ion has two oxygen atoms and the sulfite ion has three
oxygen atoms.
When the formula for a polyatomic ion begins with H (hydrogen), you
can imagine the H to represent a hydrogen ion (H+) combined with another
polyatomic ion. For example, HC03~ is a combination of H+ and C032~.
Table 6.4

1 - charge

2 - charge

3 - charge

Formula

Name

Formula

Name

Formula

H 2 P0 4 _

Dihydrogen phosphate

HPO42"

Hydrogen phosphate

PO33-

Phosphite

Oxalate

PO43-

Phosphate

C2H3O2
HSO3-

Acetate
Hydrogen sulfite

2

c2o4 2

Sulfite

2

S0 3 "

HSO4-

Hydrogen sulfate

S0 4 -

Sulfate

HCO3-

Hydrogen carbonate

co 3 2 -

Carbonate

N0 2 "

Nitrite

Cr0 4 2_

Chromate

NfV

Nitrate

Cr 2 0 7 2 -

Dichromate

CN"

Cyanide

Si0 3 2 -

Silicate

OH"

Hydroxide

Mn0 4 "

Permanganate

CIO"

Hypochlorite

CI02"

Chlorite

CIO3-

Chlorate

CIO4"

Perchlorate

Name

1 + charge
Formula

Name

NH 4 +

Ammonium
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Figure 6.15
(a) This cloth shows the effect of sodium hypochlorite (NaCIO) when it is used as a
laundry bleach, (b) Ammonium phosphate ((NH4)3P04) is used as a fertilizer, (c) Some
antacids contain the hydrogen carbonate anion.

Note that the charge on the new ion is the algebraic sum of the ionic charges.
H + + C0 3 2 carbonate

HC0 3 hydrogen carbonate

H + + P0 4 3 "
phosphate

HP042hydrogen phosphate

H + + HP0 4 2 _
hydrogen phosphate

H 2 P0 4 _
dihydrogen phosphate

The hydrogen carbonate anion (HC03"), the hydrogen phosphate anion
(HP042~), and the dihydrogen phosphate (H2P04~) anion are all essential
components of living systems. In contrast, the cyanide ion (CN~) is
extremely poisonous to living systems because it blocks a cell's means of
producing energy. Most laundry and household bleaches contain the
hypochlorite anion (OCT). According to Table 6.4, what is the formula for
the hydrogen sulfite polyatomic ion?
section review 6.3

20. How can the periodic table be used to determine the charge of an ion?
Use a specific example to explain.
21. Explain what is meant by a polyatomic ion.
M

portfolio project

Sodium ions (Na+) and
potassium ions (K") are
needed for the human body
to function. Research where
these ions are most likely to
be found in the body and
the roles they play.

22. Using only the periodic table, name and write the formula for the typical ion of each representative element.
a. potassium

c. argon

e. beryllium

b. sulfur

d. bromine

f. sodium

23. Write the formula (including charge) for each ion.
a. ammonium ion

d. nitrate ion

g. permanganate ion

b. tin(II) ion

e. cyanide ion

h. manganese(II) ion

c. chromate

f. iron(III) ion

(hem ASAP! Assessment 6.3 Check your understanding of the important
ideas and concepts in Section 6.3.
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IONIC COMPOUNDS
Dr Pepper®, the oldest of the major brand soft drinks in
the United States, was first made and sold in Waco, Texas,
in 1885. How does Dr Pepper continue to maintain the
unique flavor associated with it? A specific formula, listing
exact amounts of each ingredient, must be followed. Understandably, the formula
for Dr Pepper is a closely guarded secret. In chemistry, however, there are no secret
ingredients! Once you know the rules, you can write the formula for any chemical
compound. How do you write the formulas for ionic compounds?

Writing Formulas for Binary Ionic Compounds
In the days before the science of chemistry developed, the person who discovered a new compound often got to name it anything he or she wished. It
was not uncommon for the name to describe some property of the substance or its source. For example, a common name for potassium carbonate
(K2C03) is potash. The name evolved because the compound was obtained
by boiling wood ashes in iron pots. Laughing gas is the common name for
the gaseous compound dinitrogen monoxide (N20) because people may
laugh when they inhale it. Baking soda is added to batter to make cakes rise
as they bake. Plaster of paris, gypsum, and lye are other common names of
chemical compounds. Unfortunately, however, such names do not tell you
anything about the chemical composition of the compound.
As the science of chemistry developed, it became obvious that some
systematic method of naming chemical compounds was needed for consistency and clarity. A chemical compound's name should indicate its
composition, behavior, and how it is related to other compounds. The rest
of this chapter is devoted to examining the system of naming inorganic
compounds, which are generally compounds that do not contain the element carbon.
The ionic compound potassium chloride (KC1) is composed of potassium cations (K+) and chloride anions (CI"). Compounds composed of two
elements are called binary compounds. Potassium chloride is a binary
compound. In writing the formula for potassium chloride (or any other
ionic compound), the positive charge of the cation must balance the negative charge of the anion. In other words, the net ionic charge of the formula
must be zero. In potassium chloride, the charge of each K+ cation is balanced by the charge of each CI" anion. The potassium and chloride ions
combine in a 1:1 ratio. For each K+ there is one Cl~. Thus the formula for
potassium chloride is KC1. The net ionic charge of the formula unit is zero.
Notice that in this formula, and in the formulas for essentially all ionic compounds, the cation is written first: K before CI.
The binary ionic compound calcium bromide is composed of calcium
cations (Ca2+) and bromide anions (Br~). Each calcium ion with its 2+
charge must combine with (or be balanced by) two bromide ions, each
with a 1- charge. The ions must combine in a 1:2 ratio. For each Ca2+ there
are two Br~. The formula for calcium bromide is CaBr2, with a net ionic
charge of zero.

section 6.4
objectives
• Apply the rules for naming and
writing formulas for binary
ionic compounds
• Apply the rules for naming and
writing formulas for ternary
ionic compounds
key terms
• binary compounds
• ternary compound

Chem.ASAP!.
Simulation 2
Combine ions and derive
the chemical formulas for several
ionic compounds.
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Figure 6.16
The rusting of a tractor produces iron(lll) oxide, or rust, which is a binary ionic compound.

Figure 6.16 shows an example of the formation of rust, or iron(III)
oxide. What is the formula for rust? Recall that a Roman numeral shows the
charge of the metal ion. Thus this compound consists of Fe 3+ cations combined with oxide anions (O 2- ). Writing a balanced formula for this
compound involves finding the least common multiple of the charges.
Because 3 X 2 = 6, two Fe 3+ cations (a 6+ charge) will balance three
0 2 ~ anions (a 6— charge). The balanced formula, then, is Fe 2 0 3 .
Another approach to writing a balanced formula for a compound is to
use the crisscross method. In this method, the numerical charge of each
ion is crossed over and used as a subscript for the other ion. The signs of
the numbers are dropped.

Fe 2 0 3
2(3+) + 3(2-) = 0
If you use the crisscross method to write the formula for a compound such
as calcium sulfide (which contains Ca2+ and S2~), however, you would
obtain the result Ca2S2. Remember that formulas for ionic compounds
show the lowest whole-number ratio of ions. The formula for calcium sulfide, written correctly, is thus reduced to CaS.

Ca2S2 reduces to CaS
1(2+) + 1(2-) = 0
Of course, if the magnitudes of the charges of the cation and anion are
the same, as they are in this case, the charges will balance. There is no reason even to use the crisscross method. The ions will simply combine in a
1:1 ratio.
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Sample Problem 6-5
Write formulas for these binary ionic compounds.
a. copper(II) sulfide
b. potassium nitride
1. ANAL YZE Plan a problem-solving strategy.
a.-b. Binary ionic compounds are composed of a
monatomic cation and a monatomic anion. The ionic
charges in an ionic compound must balance (add up to
zero), and there must be a lowest whole-number ratio of
ions. The formula for the cation appears first in the formula for the compound.
2. SOLVE Apply the problem-solving strategy.
Write the formula (symbol and charge) for each ion in each
compound.
a. Cu2+ and S2_
b. K+ and N 3_
Balance the formula using appropriate subscripts.

a. Cug +

b.K
CuS

K,N

3. EVALUATE Do the results make sense?
The ions are in the lowest whole-number ratio and the net
ionic charge is zero: 1(2+) + 1(2-) = 0 and 3(1+) + 1(3-) = 0.

Practice Problems
24. Write formulas for compounds
formed from these pairs of
ions.
a. Ba2+, S2" c. Ca2+, N3~
b. L i + , O 2 -

d. Cu 2 + ,

r

25. Write formulas for these
compounds.
a. sodium iodide
b. stannous chloride
c. potassium sulfide
d. calcium iodide
(hemASAP!
Problem-Solving 25
Solve Problem 25 with the help
of an interactive guided tutorial.

Naming Binary Ionic Compounds
So far, you have written the formulas for ionic compounds when given their
names. What if you wanted to do the reverse? Suppose, for example, you
wanted to write the name of the binary ionic compound that has the formula
of CuO. Your first guess might be to write the name of the metallic cation
(copper) followed by the name of the nonmetallic anion (oxide). However,
the name copper oxide is incomplete. Recall that copper commonly forms
two cations: Cu+and Cu2+, called copper(I) and copper(II), respectively.
How can you tell which of these cations forms the compound CuO? Working
backward will help. The formula indicates that the copper cation and the
oxide anion combine in a 1:1 ratio. You know that the oxide anion always has
a 2 - charge. The charge of the copper cation must therefore be 2+ (to balance the 2 - charge). The compound CuO must be copper(II) oxide. Recall
that iron is another element that forms two cations: Fe 2+ and Fe 3+ .
It is helpful to know the common ionic charges of transition metals: for
example, tin forms cations with 2+ and 4+ charges. However, you must
still determine which of the cations is in a particular compound. Thus the
compound Sn0 2 must be tin(IV) oxide, because only the tin(IV) cation
(Sn4+) can balance the two oxide anions, each of which has a 2 - charge.
Figure 16.17, on page 153, shows examples of compounds consisting of
these ions. What is the name of the compound that has the formula SnO?
Chemical Names and Formulas
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PREFIXES AND SUFFIXES
Throughout this textbook you will encounter many new
words. Some of them may seem intimidating at first,
but don't be discouraged. You can get an idea of what
a word means by analyzing its prefix or suffix. Prefixes
and suffixes are one or more letters added to the
beginning or end of a root word to modify the root
word's meaning. Prefixes are added to the beginning of
a root word and suffixes are added to the end. You can
use what you learn about prefixes and suffixes to interpret and write the names of chemical compounds.
Measurements You already use prefixes to modify
the magnitude of SI units. By adding prefixes to such
root words as meter, liter, and gram, you can increase
or decrease the magnitude of the unit. For example, if
you write the prefix kilo- before the root word meter,
you get kilometer. There are one thousand meters in a
kilometer. If instead you write the prefix centi- before
the root word meter, you get the word centimeter. There
are one hundred centimeters in a meter. Table 3.2 lists
common prefixes used with SI units.
Chemical Compounds Prefixes and suffixes are
also found in the names of chemical compounds. All
binary compounds, for example, end in the suffix -ide.
So whenever you see the name of a compound with the
suffix -ide, such as carbon monoxide, you know that

the compound is generally a binary compound. What
is a binary compound? The prefix bi- means two, so a
binary compound is one that contains only two
elements.
In one type of binary compound, known as a molecular compound, prefixes are used to indicate the
number of atoms in the chemical formula. In the compound carbon monoxide (CO), the prefix monoindicates that there is one oxygen atom. In the compound carbon dioxide (C02), the prefix di- indicates
that there are two oxygen atoms. Table 6.5 lists the
prefixes used to count up to ten atoms.
As you read this chapter, you will also encounter
compounds whose names have the suffixes -ite or -ate.
Compounds such as these contain polyatomic ions. The
prefix poly- means many. Most polyatomic ions consist
of three or more atoms.
The suffixes -ite or -ate relate to the number of oxygen atoms in the ion. An ion whose name ends in -ite
has one less oxygen atom than the ion that ends in-are.
For example, the nitrite ion, N02~, has two oxygen atoms
and the nitrate ion, N03", has three. Neither suffix, however, indicates the specific number of oxygen atoms in
the ion. Table 6.4 lists several examples of common
polyatomic ions.

Example

Example I

Give the name for BCI3.

Write the formula for dinitrogen pentoxide.
First, use the prefixes to determine the subscript of
each element in the formula. The prefix di- indicates
two nitrogen atoms and the prefix penta- indicates five
oxygen atoms. Next, write the correct symbols for the
elements with the appropriate subscripts. The symbol
for nitrogen is N and the symbol for oxygen is 0. So
the formula is N 2 0 5 .

This is a binary compound so its name ends with the suffix -ide. Attach the suffix to the second element, giving
the name chloride. Then use prefixes to indicate the relative number of atoms in the formula. There are three
atoms of chlorine {tri-) and one atom of boron {mono-).
The mono- prefix is omitted at the beginning of a name,
so the name of the compound is boron trichloride.

Practice Problems
Prepare for upcoming problems in this chapter by solving each of the following.
A. According to Table 3.2, what prefix would you use to write 0.001 gram?
B. Use Table 6.5 to determine the number of chlorine atoms that are in a molecule of carbon tetrachloride.
C. Which of the following is a binary compound: dinitrogen monoxide or calcium carbonate?
D. Give the name for N02.
E. Which ion is chlorite and which is chlorate: CI0 2 ", CI03~.
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Figure 6.17
Tin forms two ions: Sn2+(tin(ll)
or stannous) and Sn4+(tin(IV) or
stannic). Stannous fluoride is
used in some toothpastes to
toughen enamel. Stannic sulfide is
used to mimic the appearance of
gold. What are the formulas of
these two tin compounds?

I

Sample Problem 6-6
Name these binary ionic compounds.
a. CoI2
b. Cs 2 0
1. ANALYZE Plan a problem-solving strategy.
a.-b. Confirm that the compound is a binary ionic compound; that is, it is composed of a one-element metallic
cation and a one-element nonmetallic anion. Name the
compound by naming the ions in the order written in the
formula: cation name followed by anion name. The name
of a transition metal ion that has more than one common
ionic charge must include a Roman numeral indicating
the charge.
2. SOLVE Apply the problem-solving strategy.
Name the cation, followed by the name of the anion, using the
crisscross method as needed. Use Roman numerals where
appropriate.
a. cobalt(II) iodide or cobaltous iodide

b. cesium oxide
EVALUA TE Do the results make sense ?
As a check, try to write the formula for the original compound
using the ions from the name you have written. The check
leads to the correct formulas: Co2+ and I" make CoI2, and Cs+
and O 2 - make Cs 2 0.

26. Write names for these binary
ionic compounds.
a. ZnS
c. BaO
b. KC1
d. CuBr2
27. Write names for these binary
ionic compounds.
a. CaO
c. FeS
b. Cu2Se
d. A1F3

Chemical Names and Formulas
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Ternary Ionic Compounds
The pearl and the oyster shell shown in Figure 6.18 are both made of calcium carbonate (CaC03), an ionic compound. Calcium carbonate is an
example of a ternary compound, or a compound that contains atoms of
three different elements. Usually, ternary ionic compounds contain a polyatomic ion. How would you write the formula for calcium nitrate? The
procedure is the same as that for binary ionic compounds. First, write the
formula (symbol and charge) for each ion. Then balance the charges.
Remember that an -ate or -ite ending on the name of a compound
indicates that the compound contains a polyatomic anion that includes
oxygen. The only two common polyatomic ions that end in -ide are the
hydroxide and cyanide ions.
Calcium nitrate is composed of calcium cations (Ca2+) and polyatomic
nitrate anions (N03~). In calcium nitrate, two nitrate anions, each with a
1— charge, are needed to balance the 2+ charge of each calcium cation, as
shown below.

Ca(N03)2
Notice that parentheses are used around the nitrate ion in the formula
because more than one nitrate anion is needed. The 2 that follows the
parentheses shows that two nitrate anions are needed.
When more than a single polyatomic ion are needed to balance a formula, parentheses in the formula set off the polyatomic ion. This is the only
time parentheses are used. For example, the formula for strontium sulfate
is simply SrS04 because only a single polyatomic sulfate anion is needed to
balance the strontium cation.

figure 6.18
Some examples of ternary ionic compounds are shown here. Oysters produce calcium
carbonate as they form their shells and produce pearls, which develop around
irritant particles, such as grains of sand. The mineral celestite is composed of strontium
sulfate, which usually occurs as white crystals but is sometimes blue. Most strontium
compounds are produced from celestite. Ammonium dichromate is often used to
sensitize silkscreens to light, creating a negative image that can be used to make the
positive print. Here you can see the varied results of the silkscreening process.
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Lithium carbonate is a ternary compound composed of lithium cations
(Li ) and polyatomic carbonate anions (C03 ).
T

Li2C03
In lithium carbonate, two lithium cations, each with a 1 + charge, are
needed to balance the 2 - charge of one carbonate anion. Parentheses are
not needed to set off the polyatomic carbonate anion. Lithium carbonate
can be prescribed to patients who have mood disorders, such as manicdepressive, or bipolar, disorder. A person with bipolar disorder experiences
distressing mood swings, from elation to depression and back again.
Lithium ions probably exert their mood-stabilizing effects on neurotransmission, which is how messages are sent between nerve cells, including
those in the brain.

Sample Problem 6-7
Write formulas for these ternary ionic compounds.
a. potassium sulfate
b. magnesium hydroxide
1. ANALYZE Plan a problem-solving strategy.
a.-b. The general rules for writing a formula for an ionic
compound apply. Write the formula for each ion in the
order listed in the name (cation followed by anion), then
use subscripts to balance the charges (net charge = 0). If
more than one polyatomic ion is needed to balance a formula, place the polyatomic ion formula in parentheses,
followed by a subscript showing the number needed.
2. SOLVE Apply the problem-solving strategy.
a.K
K2S04
Two potassium cations with 1 + charges are needed to
balance the 2 - charge on one sulfate anion. The formula for potassium sulfate is thus K2S04.

b.Mgg;
Mg(OH);
Two hydroxide anions with 1 - charges are needed to
balance the 2+ charge on one magnesium cation. The
formula for magnesium hydroxide must make use of
parentheses.
3. EVALUATE Do the results make sense?
The ionic charges correctly add up to zero: 2(1+) + 1(2—) = 0
and 1(2+) + 2(1-) = 0.

Practice Problems
28. Write formulas for compounds
formed from these pairs of ions.
a. NH4+, S032~
b. calcium ion, phosphate ion
c. Al3+, N03~
d. potassium ion, chromate ion
29. Write formulas for these
compounds.
a. lithium hydrogen sulfate
b. chromium(III) nitrite
c. mercury(II) bromide
d. ammonium dichromate
ChemASAP!
Problem-Solving 28
Solve Problem 28 with the help
of an interactive guided tutorial.
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When naming ternary ionic compounds from their formulas, you must
first recognize the polyatomic ions. Like binary ionic compounds, ternary
ionic compounds are named by naming the ions, cation first. For example,
the compound K2Cr207 consists of two K+ ions combined with one Cr2072~
polyatomic ion. Its name is potassium dichromate.

Sample Problem 6-8
Name these compounds.
a. LiCN
c. (NH4)2C204
b. Sr(H2P04)2
d. Fe(C103)3
1. ANALYZE Plan a problem-solving strategy.
a.-d. If a formula has three or more different elements,
the first thing to do is see whether you can recognize a
polyatomic ion in the formula for the compound. Name
a compound that has one or more polyatomic ions by
naming the ions in the order listed in the formula, cation
followed by anion.
2. SOLVE Apply the problem-solving strategy.
a. lithium cyanide
b. strontium dihydrogen phosphate
c. ammonium oxalate
d. iron(III) chlorate (Iron is a transition metal that can
form more than one ion; its name must include a
Roman numeral.)

Practice Problems
30. Name each ternary ionic
compound.
a. CaC204
c. KMn04
b. KCIO
d. Li2S03
31. Write names for these
compounds.
a. Al(OH)3
c. Sn3(P04)2
b. NaC103
d. Na2Cr04

3. EVALUATE Do the results make sense?
Reversing the process as a check and using the names written to
write formulas lead correctly back to the given formulas.

IE
section review 6.4
32. How are formulas written for binary ionic compounds, given their
names? How is the reverse done?
33. How are formulas written for ternary ionic compounds, given their
names? How is the reverse done?
34. Write the name or formula, as appropriate.
a. chromium(III) nitrite

d. sodium perchlorate

b. Mg3(P04)2

e. Pb(C2H302)2

c. LiF

f. magnesium hydrogen carbonate

35. When are parentheses used in writing a chemical formula?
36. What condition must be met in writing a balanced formula for an ionic
compound?
(hem ASAP! Assessment 6.4 Check your understanding of the important
ideas and concepts in Section 6.4.
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SMALL-SCALE LAB
NAMES AND FORMULAS OF IONIC COMPOUNDS

SAFETY

1

1

1

1

0

Wear safety glasses and follow the standard safety
procedures, as outlined on page 18.

PURPOSE
To observe the formation of compounds, and to write
their names and formulas.

MATERIALS
•
•
•
•
•

Pb(N03)2
(Pb 2+ )
e

•i

2. Write the formulas and names of the chemical
compounds produced in the mixings.

CaCI2
(Ca2+)

FeCI3
(Fe3+)

f

i

Na3P04
(P0 4 3 1

J

NaOH
(OH")

Na3P04
(P0 4 3 ")

a

e

i

b

f

j

C

g

k
>i-i-£

d
c

k

g

NaOH
(OH")

CuS04
(Cu2+)

Na2C03
(C0 3 2 ")

r-'fi-

b

MgS04
(Mg 2+ )

t-.W

1 =K

r

1. Analyze It! Repeat the above experiment, using
the chemicals in Figure B. Identify the precipitates, write their formulas, and name them.

On separate sheets of paper, draw two grids similar to
Figure A. Make each square 2 cm on each side. Draw
black Xs on only one of the grids. Place a reaction surface over the grid with black Xs and add the chemicals
as shown in Figure A. Use the other grid as a data
table to record your observations for each solution.

a

1. Describe each precipitate that forms as milky,
grainy, cloudy, or gelatinous. Which mixture(s)
did not form a precipitate?

The following small-scale activities allow you to
develop your own procedures and analyze the results.

PROCEDURE

Na2C03
(C0 3 2 ")

Using the experimental data, record the answers to
the following questions below your data table.

YOU'RE THE CHEMIST

pencil
chemicals shown in Figure A
paper
ruler
reaction surface

AgN03
(Ag + )

ANALYSIS

h

I

Na2S04
(S0 4 2 ")
Figure B

d

h

1

Na2S04
(S0 4 2 ")
Figure A

2. Analyze It! In ionic equations, the precipitate is
written to the right of the arrow, and the ions that
produced it are to the left.
Write ionic equations for the precipitates formed
from the reactions related to Figure B.
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section 6.5
objectives
• Apply the rules for naming and
writing formulas for binary
molecular compounds
• Name and write formulas for
common acids

MOLECULAR COMPOUNDS AND ACIDS
yjold was one of the first metals to attract human attention.
When gold was discovered in California in the late 1840s,
people from all over the world came to make their fortune.
Today, gold is still greatly prized and valued. But whereas
one milligram of gold is worth only about one cent, one kilogram of gold is worth
approximately $10,000. In this case, using the correct prefix makes quite a difference! Prefixes are important in chemistry too. What do prefixes tell you about the
composition of binary molecular compounds?

Binary Molecular Compounds

Figure 6.19
Carbon dioxide (C02) and carbon
monoxide (CO) are both binary
molecular compounds of carbon
and oxygen, but they differ considerably in properties. Carbon dioxide
is a nonpoisonous product of
respiration, but carbon monoxide
is an extremely toxic product of
incomplete burning, such as occurs
in automobile gasoline engines.
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Unlike binary ionic compounds, binary molecular compounds are composed of two nonmetallic elements. This difference affects the naming of
these compounds, as well as the writing of their formulas. Because binary
molecular compounds are composed of molecules, ionic charges are not
used to assign formulas or names to them. In addition, when two nonmetallic elements combine, they often can do so in more than one way. For
example, the elements carbon and oxygen combine to form two different
gaseous compounds, CO and C02. (They also form two different polyatomic
ions, C0 3 2 " and C2042".) How would you name a binary compound formed
by the combination of carbon and oxygen atoms? It might seem satisfactory
to call it carbon oxide. However, the two carbon oxides, CO and C0 2 , are
very different compounds. Sitting in a room with small amounts of the carbon oxide C0 2 in the air would not present any problems. You exhale C0 2 as
a product of your body chemistry. Thus it is normally present in the air you
breathe. On the other hand, if the same amount of the other carbon oxide,
CO, were in the room, you could very well die of asphyxiation as a result.
The binary compound CO is a poisonous gas that interferes with the blood's

section 6.5

ability to carry oxygen to body cells. Obviously, a naming system that distinguishes between these two compounds is needed.
Prefixes help distinguish between different compounds. Table 6.5 lists
the prefixes used to name binary molecular compounds. These prefixes tell
how many atoms of each element are present in each molecule (and in the
formula) of the compound. According to the table, the prefix monoindicates the presence of the single oxygen atom in CO. The prefix diindicates the presence of the two oxygen atoms in C0 2 . The two compounds of carbon and oxygen, CO and C0 2 , are thus named carbon
monoxide and carbon dioxide, respectively. Notice that the second element in the name ends with -ide. The names of all binary molecular
compounds end in -ide, just as was the case for binary ionic compounds.
Also note that the vowel at the end of a prefix often is dropped when the
name of the element begins with a vowel. For CO, you would write monoxide, not monooxide. If there is just a single atom of the first element in the
name, omit the prefix mono- for that element. How many chlorine atoms
are there in carbon tetrachloride, a toxic substance once used in the dry
cleaning of clothes?
Writing formulas for binary molecular compounds, given their names,
is quite easy. Use the prefixes to tell you the subscript of each element in
the formula. Then write the correct symbols for the two elements, with
the appropriate subscripts. For example, the formula for tetraiodine nonoxide is I4O9. The prefix tetra- indicates four iodine atoms, and the prefix
nona- indicates nine oxygen atoms in the molecule. How would you write
formulas for sulfur trioxide and phosphorus pentafluoride?

Table 6.5
Prefixes Used in Naming
Binary Molecular
Compounds
Prefix

Number

mono-

1
2
3
4
5
6
7
8
9
10

ditritetrapentahexaheptaoctanonadeca-

Sample Problem 6-9
Name these binary molecular compounds.
a. N 2 0
b. PC13
c. SF6
1. ANALYZE Plan a problem-solving strategy.
a.-c. Confirm that the compound is a binary molecular
compound—that is, the compound is composed of two nonmetals. The name must reflect the composition of the compound's molecule. Name the elements in the order listed in
the formulas. Prefixes indicate the number of each kind of
atom. The suffix of the name of the second element is -ide.
2. SOL VE Apply the problem-solving strategy.
a. The formula N 2 0 contains two nitrogen atoms (prefix
di-) and one oxygen atom (prefix mono-). The name of
the compound is dinitrogen monoxide.
b. phosphorus trichloride
c. sulfur hexafluoride
3. EVALUATE Do the results make

sense?

Each name provides sufficient information to regenerate the
correct formula.

Practice Problems
37. Name these binary molecular
compounds.
a. OF 2

b. C1 2 0 8

c. S 0 3

38. Write formulas for the following
binary molecular compounds.
a. nitrogen trifluoride
b. disulfur dichloride
c. dinitrogen tetroxide
ChemASAP?
Problem-Solving 37
Solve Problem 37 with the help
of an interactive guided tutorial.
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Figure 6.20
Acids are used for many purposes.
The nitric acid shown here is
being used to etch a metal plate
that will be used to create an
artist's print.

ENVIRONMENTAL
AWARENESS
A Toxic Environmental Gas
The binary molecular compound
carbon monoxide is a colorless,
odorless, flammable gas used
to manufacture numerous organic and inorganic chemicals.
This gas is also highly toxic to
humans. Upon inhalation, carbon
monoxide binds to the hemoglobin molecules in red blood cells,
where it replaces oxygen. Carbon
monoxide binds to hemoglobin
about 200 times more effectively
than oxygen does. This keeps the
red blood cells from carrying
oxygen to body tissues. Therefore, at very low levels carbon
monoxide is a fast-acting poison
that may cause serious illness or
death. At peak traffic times, the
level of carbon monoxide around
streets and highways may reach
as high as 100 parts per million
(ppm) of air. In the United
States, automobiles must have
catalytic converters, which
change toxic carbon monoxide
to less toxic carbon dioxide. Carbon monoxide is also present in
cigarette smoke. It takes several
hours to replace the carbon
monoxide in a smoker's blood
after only one cigarette.
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Naming Common Acids
Acids are a special group of compounds. As you will see in Chapter 20,
there are several definitions of acids. For now, it is sufficient to know that
under the more common definition, acids are compounds that produce
hydrogen ions when dissolved in water. When naming acids and writing
their formulas, you can consider them to be combinations of anions connected to as many hydrogen ions (H+) as are needed to make the molecule
electrically neutral.
Many industrial processes, including steel and fertilizer manufacturing, use acids. There are a few acids that you will regularly use in the
laboratory. You should know the names and formulas of these acids:
Hydrochloric acid
Sulfuric acid
Nitric acid
Acetic acid
Phosphoric acid
Carbonic acid

HC1
H2S04
HN0 3
HC2H302
H3PO4

H2C03
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39. How are formulas written for binary molecular compounds, given their
names? How is the reverse done?
40. Give the name or formula for these common acids.
a. H2S04

b. H 2 C0 3

c. nitric acid

d. phosphoric acid

41. Write the formula or name for these compounds.
a. CS2

c. carbon tetrabromide

b. C1207

d. diphosphorus trioxide

42. What element typically appears in the formula of a common acid?
(hern ASAP! Assessment 6.5 Check your understanding of the important
ideas and concepts in Section 6.5.

