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<0 Ordinary table sugar is a compound
called sucrose. A sucrose molecule,
such as the one shown here, contains
carbon, hydrogen, and oxygen atoms.
The properties of sucrose are, howev-
er, very different from those of carbon,
hydrogen, and oxygen. The properties
of a compound are, in general, differ-
ent from the properties of the ele-
ments that compose it.

Molecules
and Compounds

“Almost all aspects of life are engineered at the molecular level, and
without understanding riolecules, we can only have a very sketclhy
understanding of life itself.”

Francis HARRY CoMpTON CRICK (1916-2004)

Mugar and Salt

Sodium, a shiny metal (¥ Figure 5.1) that dulls almost instantly upon expo-
sure to air, is extremely reactive and poisonous. If you were to consume any
appreciable amount of elemental sodium, you would need immediate med-
ical help. Chlorine, a pale yellow gas (¥ Figure 5.2), is equally reactive and
poisonous. Yet the compound formed from these two elements, sodium
chloride, is the relatively harmless flavor enhancer that we call table salt
(* Figure 5.3). When elements combine to form compounds, their properties
change completely.

=1

4 Figure 5.2 Elemental chlorine
Chlorine is a yellow gas with a pungent
odor. It is highly reactive and poisonous.

A Figure 5.1 Elemental sodium
Sodium is an extremely reactive
metal that dulls almost instantly
upon exposure to air.

125



126  CHAPTER S5 Molecules and Compounds

» Figure 5.3 Sodium chloride
The compound formed by sodium
and chlorine is table salt.

Consider ordinary sugar. Sugar is a compound composed of carbon, hy-
drogen, and oxygen. Each of these elements has its own unique properties. Car-
bon is most familiar to us as the graphite found in pencils or as the diamonds in
jewelry. Hydrogen is an extremely flammable gas used as a fuel for the space
shuttle, and oxygen is one of the gases that compose air. When these three ele-
ments combine to form sugar, however, a sweet, white, crystalline solid results.

In Chapter 4, we learned how protons, neutrons, and electrons combine
to form different elements, each with its own properties and its own chem-
istry, each different from the other. In this chapter, we learn how these ele-
ments combine with each other to form different compounds, each with its
own properties and its own chemistry, each different from all the others and
different from the elements that compose it. Here is the great wonder of na-
ture, how from such simplicity—protons, neutrons, and electrons—we get
such great complexity. It is exactly this complexity, however, that makes life
possible. Life could not exist with just ninety-one different elements if they
did not combine to form compounds. It takes compounds in all of their di-
versity to make living organisms.

m Compounds Display Constant Composition

. Figure 5.4 A mixture This bal-
loon is filled with a mixture of hydrogen
and oxygen gas. The relative amounts of
hydrogen and oxygen are variable. We
could easily add either more hydrogen
or more oxygen to the balloon.

Although some of the substances we encounter in everyday life are elements,
most are not—they are compounds. Free atoms are rare in nature. As Chapter 3
describes, a compound is different from a mixture of elements. In a compound,
the elements combine in fixed, definite proportions, whereas in a mixture, they
can have any proportions whatsoever. For example, consider the difference be-
tween a mixture of hydrogen and oxygen gas (< Figure 5.4), and the com-
pound water (» Figure 5.5). A mixture of hydrogen and oxygen gas can have
any proportions of hydrogen and oxygen. Water, on the other hand, is com-
posed of water molecules that consist of two hydrogen atoms bonded to one
oxygen atom. Consequently, water has a definite proportion of hydrogen to
oxygen.

The first chemist to formally state the idea that elements combine in
fixed proportions to form compounds was Joseph Proust (1754-1826) in the
law of constant composition, which states:

All samples of a given compound have the same proportions of their
constituent elements.

For example, if we decompose water, we find 16.0 g of oxygen to every 2.0 g
of hydrogen, or an oxygen-to-hydrogen mass ratio of:
160g0O 3

Mass ratio = m =
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< Figure 5.5 A chemical compound Ll

This balloon is filled with water, com-
posed of molecules that have a fixed
ratio of hydrogen to oxygen.

(Source: JoLynn E. Funk.)

» Figure 5.6 Compounds have
fixed composition Water will al-
ways have a constant ratio of hydro-

gen to oxygen, no matter what its 2Hatoms ( ) to every
source. 1O atom (@)

This is true of any sample of pure water, no matter what its origin
(4 Figure 5.6). The law of constant composition applies not only to water,

Even though atoms combine in whole- but to every compound. Consider ammonia, a compound composed of ni-
number ratios, their mass ratios arenot  trogen and hydrogen. Ammonia contains 14.0 g of nitrogen to every 3.0 g of
Degessarilywhale npmbers, hydrogen, or a nitrogen-to-hydrogen mass ratio of:
v ~ 140gN
assratio = ————— =
30gH

Again, this ratio is the same for every sample of ammonia—the composition
of each compound is constant.

m Constant Composition of Compounds
Two samples of carbon dioxide, obtained from different sources, were decomposed into their constituent elements.

One sample produced 4.8 g of oxygen and 1.8 g of carbon, and the other sample produced 17.1 g of oxygen and 6.4
g of carbon. Show that these results are consistent with the law of constant composition.

Compute the mass ratio of one element to the other by Solution:
dividing the larger mass by the smaller one. For the | 1 o¢ oxygen 48¢g

first sample: 2.7

Mass carbon 1.8 g

| Mass oxygen 17.1g

d : = 2.7
For the second sample | Mass carbon 64 g

Since the ratios are the same for the two samples, these results are consistent with the law of constant composition.

SR Constant Composition of Compounds

Two samples of carbon monoxide, obtained from different sources, were decomposed into their constituent ele-
ments. One sample produced 4.3 g of oxygen and 3.2 g of carbon, and the other sample produced 7.5 g of oxygen
and 5.6 g of carbon. Are these results consistent with the law of constant composition?

Feldleliali{qi[e = Example 5.16; Problems 23, 24.
=]
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| Chemical Formulas: How to Represent Compounds

We represent a compound with a chemical formula, which indicates the

fvci’tn;?:s;edci Tgvni;;"g:xecg ?r%c:‘cliti'gn elements present in the compound and the relative number of atoms of
the previous section) because they are each. For example, H,O is the chemical formula for water; it indicates that
composed of atoms in fixed ratios. water consists of hydrogen and oxygen atoms in a 2:1 ratio. The formula

contains the symbol for each element, accompanied by a subscript indicat-
ing the number of atoms of that element. By convention, a subscript of 1 is
omitted.

symbol for hydrogen . symbol for oxygen

14r0) il

/ \ implied subscript of 1

subscript indicating e TR
2 hydrogen atoms S iyl

Other common chemical formulas include NaCl for table salt, indicating
sodium and chlorine atoms in a 1:1 ratio; CO, for carbon dioxide, indicating
carbon and oxygen atoms in a 1:2 ratio; and C;oH7,0;; for table sugar (su-
crose), indicating carbon, hydrogen, and oxygen atoms in a 12:22:11 ratio. The
subscripts in a chemical formula are part of the compound’s definition—if
they change, the formula no longer specifies the same compound. For exam-
ple, CO is the chemical formula for carbon monoxide, an air pollutant with
adverse health effects on humans. When inhaled, carbon monoxide interferes
with the blood’s ability to carry oxygen, which can be fatal. CO is the primary
substance responsible for deaths of people who inhale too much automobile
exhaust. If you change the subscript of the O in CO from 1 to Z, however, you

 The subscripts in a chemical for- get the formula for a totally different compound. CO; is the chemical formu-
mula are part of what define the la for carbon dioxide, the relatively harmless product of combustion and
compound—if you change a sub- human respiration. We breathe small amounts of CO, all the time with no
script, you change the compound. harmful effects. So, remember:

co CO,

The subscripts in a chemical formula represent the relative numbers
of each type of atom in a chemical compound; they never change for
a given compound.

Chemical formulas normally list the most metallic elements first. There-
fore, the formula for table salt is NaCl, not CINa. For compounds that do not
include a metal, the more metal-like element is listed first. Recall from
Chapter 4 that metals are found on the left side of the periodic table and non-
metals on the upper right side. Therefore, among nonmetals, those to the left
in the periodic table are more metal-like than those to the right and are nor-
mally listed first. Therefore we write CO, and NO, not O,C and ON. Within
a single column in the periodic table, elements toward the bottom are more
metal-like than elements toward the top. Therefore we write SO,, not O,S.
The specific order for listing nonmetal elements in a chemical formula is
shown in Table 5.1.

There are a few historical exceptions to TABLE 5.1 Order of Listing Nonmetal Elements in a Chemical Formula
th tice in which the most metallic T
o practee c r N H S I Br Cl 0 F

element is named first, such as the )
hydroxide ion, which is written as OH™. Elements on the left are generally listed before elements on the right.
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(S0P Writing Chemical Formulas
Write a chemical formula for each of the following:

(a) the compound containing two aluminum atoms to every three oxygen atoms
(b) the compound containing three oxygen atoms to every sulfur atom
(c) the compound containing four chlorine atoms to every carbon atom

Solution:
Since aluminum is the metal, it is listed first. | (@) Al,O4
Since sulfur is below oxygen on the periodic table (b) SO3

|
and since it occurs before oxygen in Table 5.1, it is |
listed first. |

Since carbon is to the left of chlorine on the periodic | (¢) CCly
table and since it occurs before chlorine in Table 5.1, |

it is listed first. (

SR 85PN Writing Chemical Formulas
Write a chemical formula for each of the following:

(@) the compound containing two silver atoms to every sulfur atom
(b) the compound containing two nitrogen atoms to every oxygen atom
(c) the compound containing two oxygen atoms to every titanium atom

Tl A aaieal Example 5.17; Problems 29, 30, 31, 32.

Many groups of atoms have a charge Some chemical formulas contain groups of atoms that act as a unit.

associated with them; charged groups When several groups of the same kind are present, their formula is set off in
are called polyatomic ions. For example,  parentheses with a subscript to indicate the number of that group. For exam-
the NO; group has a negative charge, ple, Mg(NOj3); indicates a compound containing one magnesium atom and

NQOj3~. Polyatomic ions are described in

more detail in Section 5.7. two NO3 groups.

symbol for NO; group

symbol for magnesium —s N o(NO
g ?;)i‘\— subscript indicating 2 NO; groups

implied subscript indicating subscript indicating 3 oxygen
1 magnesium atom atoms per NO3 group

implied subscript indicating 1 nitrogen atom per NOj group

To determine the total number of each type of atom within the parentheses,
multiply the subscript outside the parentheses by the subscript for each
atom inside the parentheses. Therefore, the preceding formula has the fol-
lowing numbers of each type of atom.

Mg: 1 Mg

N: 1 X2 =2N (implied 1 inside parentheses times 2 outside
parentheses)

O: 3X2=60 (3inside parentheses times 2 outside

parentheses)
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EXAMPLE 5.3 :I'otal Num.ber of Each Type of Atom
in a Chemical Formula

Determine the number of each type of atom in Mg3(POy),.

Solution:
Mg There are three Mg atoms, as indicated by the subscript 3.
P: There are two P atoms, as we see by multiplying the subscript outside

the parentheses (2) by the subscript for P inside the parentheses, which
is 1 (implied).

O: There are eight O atoms, as we see by multiplying the subscript outside
the parentheses (2) by the subscript for O inside the parentheses (4).

SRRV Re 26T Total Number of Each Type of Atom
in a Chemical Formula

Determine the number of each type of atom in K,50,.

SKILLBUILDER PLUS

Determine the number of each type of atom in Aly(5O4)s.

.\ Example 5.18; Problems 33, 34, 35, 36.

\f CONCEPTUAL CHECKPOINT 5.1

Which of the following formulas represents the greatest number of
atoms?

(@) ANCH30,)3

(b) Aly(Cr,O7)3

(0) Pb(HSO4)4

(d) Pb3(POg)4

(e) (NH4)3POq

ﬂ A Molecular View of Elements and Compounds

In Chapter 3, we learned that pure substances could be divided into ele-
ments or compounds. We can further subdivide elements and compounds
according to the basic units that compose them (» Figure 5.7). Pure sub-
stances may be elements, or they may be compounds. Elements may be ei-
ther atomic or molecular. Compounds may be either molecular or ionic.

ATOMIC ELEMENTS

Atomic elements are those that exist in nature with single atoms as their
basic units. Most elements fall into this category. For example, helium is
composed of helium atoms, copper is composed of copper atoms, and mer-
cury of mercury atoms (» Figure 5.8).



» Figure 5.7 A molecular view of
elements and compounds

A few molecular elements, such as Sg
and P,, are composed of molecules con-
taining several atoms.

5.4 A Molecular View of Elements and Compounds 131

Example: Ne Example: O, Example: H,O  Example: NaCl

MOLECULAR ELEMENTS

Molecular elements do not normally exist in nature with single atoms as
their basic units. Instead, these elements exist as diatomic molecules—two
atoms of that element bonded together—as their basic units. For example,
hydrogen is composed of H; molecules, oxygen is composed of O, mole-
cules, and chlorine of Cl, molecules (¥ Figure 5.9). Elements that exist as
diatomic molecules are shown in Table 5.2 and in » Figure 5.10.

Chlorine
molecules

< Figure 5.8 An atomic element
The basic units that compose mercu-
ry, an atomic element and a metal,
are single mercury atoms.

» Figure 5.9 A molecular element
The basic units that compose chlo-
rine, a molecular element, are di-
atomic chlorine molecules, each
composed of two chlorine atoms.
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» Figure 5.10 Elements that form Main groups Main groups
diatomic molecules Elements that i Elements that exist s
normally exist as diatomic molecules NEREn as diatomic molecules 32 4a 5A 6A 7a | 2
are highlighted in yellow on this pe- o - 1314 15 16 17 | He
riodic table. Note that six of the seven 2 Ei B4e Teansition metals }53 é N 6 f; Iijoe
are nonmetals, including four of the S| W [2|"ss 4 s e 7B —88— 18 28| B | W | B |16 |7 |1
halogens. NaMg| 3 4 5 6 7 8 9 10 m 12| AlfSi|P|S |Cl|Ac
§ 4 19 20 21 2 23 24 25 26 27 28 29 30 31 32 33 34 5 36
5 K |Ca|S |Ti |V |[Cr|Mn|Fe |Co|Ni | Cu|Zn|Ga|Ge|As|Se|Br |Kr
= 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
S|Rb |[Sr| Y |Zr |[Nb|Mo| T | Ru|Rh | Pd Ag [Cd | In [Sn | Sb | Te | I | Xe
55 56 57 72 73 74 75 76 77 78 79 80 81 82 &3 &4 85 86
6/ Cs |Ba|Lla|Bf|Ta |W |Re|Os|Ir | Pt |Au|Hg| Tl | Pb | Bi | Po | At | Rn
87 88 89 104 105 106 107 108 109 110 m 112 113 114 15 ne6 ns
7| Fr |Ra | Ac | Rf |Db | Sg | Bh | Hs | Mt | Ds | Rg
TABLE 5.2 Elements That Occur — —
as Diatomic Molecules Lanthanides | 2 | 2 [ & [ & 62—‘ 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 7
— anthanides | co | pr | Nd | Pm | Sm| Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Name of Formula Actinides | 2 | S [ 2 | oo [ [ o7 Tos [ 991000101 102103
Element of Basic Unit Th|Pa| U |Np|Pu|Am|Cm|Bk|Cf | Es|Fm|Md No| Lr
hydrogen H,
nronn N MOLECULAR COMPOUNDS
oxygen O, Molecular compounds are compounds formed from two or more nonmetals.
fluorine B The basic units of molecular compounds are molecules composed of the con-
chlorl.ne Ch stituent atoms. For example, water is composed of H,O molecules, dry ice is
bromine Br composed of CO, molecules (Vv Figure 5.11), and acetone (finger nail-polish re-
iodine I mover) of C3H¢O molecules.

Remember that nonmetals occupy the IONIC COMPOUNDS CO, molecules

upper right side of the periodic table. Ionic Compounds are compounds
formed from a metal and one or more
nonmetals. When a metal, which has a
tendency to lose electrons, combines
with a nonmetal, which has a tendency
to gain electrons, one or more electrons
transfer from the metal to the nonmetal,
creating positive and negative ions that
are then attracted to each other. The
basic unit of ionic compounds is the
formula unit, the smallest electrically
neutral collection of ions. Formula units
are different from molecules in that they
do not exist as discrete entities, but
rather as part of a larger lattice. For ex-
ample, salt (NaCl) is composed of Na™
and C17 ions in a 1:1 ratio. In table salt,
Na* and Cl~ ions exist in an alternating
three-dimensional array (< Figure 5.12).
However, any one Na* ion does not
pair with one specific CI™ ion. Some-
times chemists refer to formula units as
molecules, but this is not strictly correct
since ionic compounds do not contain
distinct molecules.

NaCl formula

< Figure 5.12 An ionic compound
The basic units that compose table salt, an
ionic compound, are NaCl formula units.

Unlike molecular compounds, ionic com- A Figure 5.11 A molecular com-
pounds do not contain individual mole- pound The basic units that com-
cules but rather sodium and chloride ions pose dry ice, a molecular compound,

in an alternating three-dimensional array. are CO; molecules.
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Classifying Substances as Atomic Elements, Molecular
Elements, Molecular Compounds, or lonic Compounds

Classify each of the following substances as an atomic element, molecular
element, molecular compound, or ionic compound.

(a) krypton
(b) CoCl,
(¢) nitrogen
(d) SO,

(e) KNOg

Solution:

(a) Krypton is an element that is not listed as diatomic in Table 5.2; therefore,
it is an atomic element.

(b) CoCl, is a compound composed of a metal (left side of periodic table)
and nonmetal (right side of the periodic table); therefore, it is an ionic
compound.

() Nitrogen is an element that is listed as diatomic in Table 5.2; therefore, it
is a molecular element.

(d) SO, is a compound composed of two nonmetals; therefore, it is a molec-
ular compound.

(e) KNOjs is a compound composed of a metal and two nonmetals; there-
fore, it is an ionic compound.

SR Ep] 58 Classifying Substances as Atomic Elements,
Molecular Elements, Molecular Compounds,

or lonic Compounds

Classify each of the following substances as an atomic element, molecular el-
ement, molecular compound, or ionic compound.

(a) chlorine
(b) NO

(¢) Au

(d) Na,O
(e) CrClg

)| eliflfeliaivaaila= Example 5.19, Example 5.20; Problems 39, 40, 41, 42.

’ CONCEPTUAL CHECKPOINT 5.2

[ Which of the figures at left (in the margin) represents a molecular compound?

ﬂ Writing Formulas for lonic Compounds

Review Section 4.7 and Figure 4.14 to
learn the elements that form ions with
a predictable charge.

Since ionic compounds must be charge-neutral, and since many elements
form only one type of ion with a predictable charge, the formulas for many
ionic compounds can be determined based on their constituent elements. For
example, the formula for the ionic compound composed of sodium and chio-
rine must be NaCl and not anything else because in compounds Na always
forms 1+ cations and Cl always forms 1— anions. In order for the compound
to be charge-neutral, it must contain one Na™ cation to every C1~ anion. The
formula for the ionic compound composed of magnesium and chlorine,
however, must be MgCly, because Mg always forms 2+ cations and Cl
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Writing Formulas
for lonic Compounds

. Write the symbol for the metal
and its charge followed by the
symbol of the nonmetal and its
charge. For many elements, these
charges can be determined from
their group number in the period-
ic table (refer to Figure 4.14).

. Make the magnitude of the
charge on each ion (without the
sign) become the subscript for the
other ion.

. Reduce the subscripts to give a
ratio with the smallest whole
numbers.

4. Check that the sum of the charges
of the cations exactly cancels the
sum of the charges of the anions.

Molecules and Compounds

always forms 1— anions. In order for the compound to be charge-neutral, it
must contain one Mg?* cation to every two C1™ anions. In general:

* Jonic compounds always contain positive and negative ions.
In the chemical formula, the sum of the charges of the positive ions
(cations) must always equal the sum of the charges of the negative ions

{anions).

To write the formula for an ionic compound, follow the procedure in the left
column below. Two examples of how to apply the procedure are provided in
the center and right columns.

EXAMPLE 5.5

Write a formula for the ionic com-
pound that forms from aluminum

' EXAMPLE 5.6

Write a formula for the ionic com-
pound that forms from magnesium

and oxygen. and oxygen.
Solution: Solution:
A13+ 02— Mo,2+ OZ—
O
Al3+ OZ— Mg2+ OZ—
A1203 Mgzoz

To reduce the subscripts, divide
both subscripts by 2.

Mgzoz +2= MgO

In this case, the numbers cannot be
reduced any further; the correct
formula is Al,Oj.

Cations: 2(3+) = 6+
Anions: 3(2—) = 6—

Cations: 2+
Anions: 2—

The charges cancel.

SKILLBUILDER 5.6

Write a formula for the compound
formed from aluminum and
nitrogen.

FOR MORE PRACTICE
Example 5.21; Problems 49, 50, 51,
52.

The charges cancel.

SKILLBUILDER 5.5

Write a formula for the compound
formed from cesium and oxygen.

5

]

m Writing Formulas for ionic Compounds

Write a formula for the compound that forms from potassium and oxygen.

Solution:
We first write the symbol for each ion along with its appropriate charge from
its group number in the periodic table.

Kt 0%
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We then make the magnitude of each ion’s charge become the subscript for
the other ion.

Kt 0% becomes K,O

No reducing of subscripts is necessary in this case. Finally, we check to see
that the sum of the charges of the cations [2(1+) = 2+] exactly cancels the
sum of the charges of the anion (2—). The correct formula is K,O.

SR TE] 28598 Writing Formulas for lonic Compounds
Write a formula for the compound that forms from calcium and bromine.

el lel =g le=] Problems 53, 54.

m Nomenclature: Naming Compounds

Since there are so many different compounds, chemists have developed sys-
tematic ways to name them. If you learn these naming rules, you can simply
examine a compound’s formula to determine its name or vice versa. Many
compounds, however, also have a common name. For example, H,O has the
common name water and the systematic name dilhydrogen monoxide. A com-
mon name is like a nickname for a compound, used by those who are famil-
iar with it. Since water is such a familiar compound, everyone uses its
common name and not its systematic name. In the sections that follow, we
learn how to systematically name simple ionic and molecular compounds.
Keep in mind, however, that some compounds also have common names
that are often used instead of the systematic name. Common names can be

learned only through familiarity.

ﬂNaming lonic Compounds

Figure 5.13 Classification of
ionic compounds Ionic compounds
can be divided into two types, de-
pending on the metal in the com-
pound. If the metal, in all of its
compounds, always forms an ion
with the same charge, it is a Type I
ionic compound. If the metal, in all of
its compounds, forms ions with dif-
ferent charges, it is a Type II ionic
compound.

The first step in naming an ionic compound is identifying it as one. Remem-
ber, ionic compounds are formed from metals and nonmetals; any time you see a
metal and one or more nonmetals together in a chemical formula, it is an ionic
compound. Ionic compounds can be divided into two types (¥ Figure 5.13)
depending on the metal in the compound. If the metal, in all of its different
compounds, always forms a cation with the same charge, then the charge is
implied and the compound is a Type I compound. Sodium, for instance, has
a 1+ charge in all of its compounds and therefore forms Type I compounds.
Some examples of Type I metals are listed in Table 5.3. The charge of most of
these metals can be inferred from their group number in the periodic table

(see Figure 4.14).

Ionic
compounds
Metal and nonmetal

Type II
Metal forms more
than one type of ion

Typel
Metal forms only
one type of ion
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— Transition metals

Molecules and Compounds

Main groups
— =

=

AT

Figure 5.14 The transition met-
als The elements that form Type II
ionic compounds are usually transi-

tion metals.

TABLE 5.3 Metals That Form Type | lonic Compounds

Metal lon Name Group Number
Li Li* lithijum 1A
Na Na* sodium 1A
K K* potassium 1A
Rb Rb™ rubidium 1A
Cs Cs* cesium 1A
Be Be2* beryllium 2A
Mg Mg?* magnesium 2A
Ca Ca?* calcium 2A
Sr Sr2t strontium 2A
Ba BaZ*t barium 2A
Al AT aluminum 3A
Zn Zn?* zinc *
Ag AgJr silver *

*The charge of these metals cannot be inferred from their group number.

If, on the other hand, the metal forms compounds in which its charge is
not always the same, then the charge is not implied and the compound is a
Type II compound. Iron, for instance, has a 2+ charge in some of its com-
pounds and a 3+ charge in others. Such metals are usually found in the sec-
tion of the periodic table known as the transition metals (< Figure 5.14).
(Some examples of metals that form Type II ionic compounds are shown in
Table 5.4.)

NAMING TYPE | BINARY IONIC COMPOUNDS

Binary compounds are those containing only two different elements. The
names for binary Type I ionic compounds have the following form:

il

1
base name of anion
(nonmetal) + -ide ul

name of cation
(metal)

P ey =

TABLE 5.4 Some Metals That Form Type Il lonic Compounds
and Their Common Charges

Metal Symbol lon Name Older Name*
chromium Cr2* chromium(II) chromous
Cr3t chromium (II1) chromic
iron Fe?* iron(II) ferrous
Fed* iron(III) ferric
cobalt Co?t cobalt(Il) cobaltous
Co®* cobalt(III) cobaltic
copper Cu* copper(l) cuprous
Cu?* copper(Il) cupric
tin Sn?* tin(II) stannous
Snt* tin(IV) stannic
mercury Hg,? mercury(I) Mercurous
Hg?* mercury(Il) mercuric
lead Pb%* lead(1T) plumbous
Pb** lead(IV) plumbic

*An older naming system substitutes the names found in this column for the name of the metal and its
charge. Under this system, chromium(II) oxide is named chromous oxide. We will not use this older
systemn in this text.



The name of the cation in ionic com-
pounds is the same as the name of the
metal.
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TABLE 5.5 Some Common Anions

Nonmetal Symbol for lon Base Name Anion Name
fluorine F~ fluor- fluoride
chlorine Cl™ chlor- chloride
bromine Br~ brom- bromide
iodine 1~ iod- iodide
oxygen 0% ox- oxide

sulfur §2- sulf- sulfide
nitrogen N3~ nitr- nitride

For example, the name for NaCl consists of the name of the cation, sodium,
followed by the base name of the anion, cklor, with the ending -ide. The full
name is sodium chloride.

NaCl sodium chloride

The name for MgO consists of the name of the cation, magnesium, followed
by the base name of the anion, ox, with the ending -ide. The full name is
magnesium oxide.

MgO  magnesium oxide

The base names for various nonmetals and their most common charges in
ionic compounds are shown in Table 5.5.

HINHESERE Naming Type | lonic Compounds
Give the name for the compound MgF,.

Solution:
The cation is magnesium. The anion is fluorine, which becomes fluoride. The
correct name is magnesium fluoride.

SHEE[He] 58658 Naming Type | lonic Compounds
Give the name for the compound KBr.

SKILLBUILDER PLUS

Give the name for the compound ZnsNj.

o Felidlifelistgva (el Example 5.22; Problems 55, 56.

NAMING TYPE Il BINARY IONIC COMPOUNDS

The names for binary (two-element) Type Il ionic compounds have the fol-
lowing form:

name of cation charge of cation (metal) in i base name of anion
(metal) roman numerals in parentheses ¢ (nonmetal) + -ide

P P

See Table 5.4 for some examples of metals that form Type II ionic com-
pounds. The charge of the metal cation is obtained by inference from the
sum of the charges of the nonmetal anions—remember that the sum of all the
charges must be zero. For example, the name for FeCl; consists of the name
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of the cation, iron, followed by the charge of the cation in parentheses (III),
followed by the base name of the anion, chlor, with the ending -ide. The full
name is iron(Ill) chioride.

FeCls iron(IIl) chloride

The charge of iron must be 3+ in order for the compound to be charge-neutral
with three Cl™ anions. Likewise, the name for CrO consists of the name of the
cation, chromium, followed by the charge of the cation in parentheses (II), fol-
lowed by the base name of the anion, ox-, with the ending -ide. The full name is
chromium(II) oxide.

CrO chromium(Il) oxide

The charge of chromium must be 2+ in order for the compound to be charge-
neutral with one O?~ anion.

Naming Type Il lonic Compounds

Give the name for the compound PbCl,.

Solution:

The name for PbCly consists of the name of the cation, lead, followed by the
charge of the cation in parentheses (IV), followed by the base name of the
anion, chlor-, with the ending -ide. The full name is lead(IV) chloride. We know
the charge on Pb is 4+ because the charge on Cl is 1—. Since there are 4 C1~
anions, the Pb cation must be Pb*™.

Pb€Cl,  lead(IV) chloride

Naming Type Il lonic Compounds
Give the name for the compound PbO.

! el lileli=:lNa @S Example 5.23; Problems 57, 58.

NAMING IONIC COMPOUNDS CONTAINING
A POLYATOMIC ION

Some ionic compounds contain ions that are themselves composed of a
group of atoms with an overall charge. These ions are called polyatomic ions
and are shown in Table 5.6. lonic compounds containing polyatomic ions are

TABLE 5.6 Some Common Polyatomic lons

Name

acetate

carbonate

hydrogen carbonate (or bicarbonate)
hydroxide

nitrate

nitrite

chromate
dichromate
phosphate
hydrogen phosphate
ammonium

Formula | Name Formula
CoH30, "™ | hypochlorite CIO™
CO5%~ l chlorite ClO,~
HCO,;~ ll chiorate ClO;~
OH"™ l perchlorate ClOy~
NO;~ permanganate MnO,~
NO,~ [ sulfate SO4%™
CrO42~ l sulfite S04
Cr,0,2~ | hydrogen sulfite (or bisulfite) HSO5~
PO, hydrogen sulfate (or bisulfate) HSO,~
HPO42~ peroxide 0,2~
NH,* cyanide CN~
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named using the same procedure we apply to other ionic compounds, except
that the name of the polyatomic ion is used whenever it occurs. For example,
KNOj is named according to its cation, K*, potassium, and its polyatomic
anion, NO;3~, nitrate. The full name is potassium nitrate.

KNO3;  potassium nitrate

Fe(OH), is named according to its cation, iron, its charge (II), and its poly-
atomic ion, hydroxide. The full name is iron(II) hydroxide.

Fe(OH), iron(Il} hydroxide

If the compound contains both a polyatomic cation and a polyatomic anion,
simply use the names of both polyatomic ions. For example, NH4NO3; is
named ammonium nitrate.

NH4NO; ammonium nitrate

You must be able to recognize polyatomic ions in a chemical formula, so
become familiar with Table 5.6. Most polyatomic ions are oxyanions, anions
containing oxygen. Notice that when a series of oxyanions contain different
numbers of oxygen atoms, they are named systematically according to
the number of oxygen atoms in the ion. If there are two ions in the series, the
one with more oxygen atoms is given the ending -ate and the one with fewer
is given the ending -ite. For example, NO3 ™ is called nitrate and NO,™ is
called nitrite.

NO3~ nitrate

NO,;~ nitrite
If there are more than two ions in the series, then the prefixes hypo-, meaning
“less than,” and per-, meaning “more than,” are used. So ClO™ is called

hypochlorite, meaning “less oxygen than chlorite,” and ClO4~ is called
perchlorate, meaning “more oxygen than chlorate.”

Clo™ hypochlorite
ClOy™ chlorite
ClO3™ chlorate
ClO4~ perchlorate

SN EEEHGN Naming lonic Compounds That Contain a Polyatomic lon
Give the name for the compound K,CrOy.

Solution:
The name for K,CrOy consists of the name of the cation, potassium, followed

by the name of the polyatomic ion, chromate.

K,CrQ4 potassium chromate

Naming lonic Compounds That Contain
a Polyatomic lon

Give the name for the compound Mn(NO3),.

L Example 5.24; Problems 61, 62.

' SKILLBUILDER 5.10
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Polyatomic lons

A glance at the labels of household products reveals the
importance of polyatomic ions in everyday compounds.
For example, the active ingredient in household bleach is
sodium hypochlorite, which acts to destroy color-caus-
ing molecules in clothes (bleaching action) and to kill
bacteria (disinfection). A box of baking soda contains
sodium bicarbonate (sodium hydrogen carbonate),
which acts as an antacid when consumed in small
amounts and also as a source of carbon dioxide gas in
baking. The pockets of carbon dioxide gas make baked
goods fluffy rather than flat.

Wﬁ?ﬁi&
= —

I “of
fl xnng{?l.g,,,-.

Calcium carbonate is the active ingredient in many
antacids such as Tums™ and Alka-Mints™. It neutralizes
stomach acids, relieving the symptoms of indigestion and
heartburn. Too much calcium carbonate, however, can
cause constipation, so Tums should not be overused. Sodi-
um nitrite is a common food additive used to preserve
packaged meats such as ham, hot dogs, and bologna. Sodi-
um nitrite inhibits the growth of bacteria, especially those
that cause botulism, an often fatal type of food poisoning.

CAN YOU ANSWER THIS? Write a formula for each of these
compounds that contain polyatomic jons: sodium hypochlorite,
sodium bicarbonate, calcium carbonate, sodium nitrite.

DANGER: CORROSIVE. HARMFUL IF SWALLOWED

redients: Sodium Hypochlorite, Sodium Hydmlide
ar 0E

B

Do not use or mix wi

4 The active ingredient in bleach is sodium
hypochlorite.

« Compounds containing
y polyatomic jons are present in
many consumer products.

m Naming Molecular Compounds

The first step in naming a molecular compound is identifying it as one. Re-
member, molecular compounds form from two or more nonmetals. In this
section, we learn how to name binary (two-element) molecular compounds.
Their names have the following form:

base name of

refix name of [ refix ' p
p | 2nd element + -ig

1st element

e e s TS

When writing the name of a molecular compound, as when writing the
formula, the first element is the more metal-like one (see Table 5.1). The pre-
fixes given to each element indicate the number of atoms present.

moio- 1 peitta- 5
di- 2 hexa- 6
tri- 3 hepta-7
tetrg- 4 octa- 8
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If there is only one atom of the first element in the formula, the prefix
mono- is normally omitted. For example, CO; is named according to the first
element, carbon, with no prefix because morno- is omitted for the first element,
followed by the prefix di-, to indicate two oxygen atoms, followed by the
base name of the second element, ox, with the ending -ide.

carbon di- ox -ide
The full name is carbon dioxide.

CO, carbon dioxide

When the prefix ends with a vowel and
the base name starts with a vowel, the

first vowel is sometimes dropped, espe- The compound N,O, also called laughing gas, is named according to the first
cially in the case of mono oxide, which element, nitrogen, with the prefix di-, to indicate that there are two of them,
becomes monoxide. followed by the base name of the second element, ox, prefixed by mono-, to

indicate one, and the suffix -ide. Since mono- ends with a vowel and oxide be-
gins with one, an o0 is dropped and the two are combined as monoxide. The
entire name is dinitrogen monoxide.

N,O dinitrogen monoxide

m Naming Molecular Compounds

Name each of the following: CCly, BCls, SF.

Solution:
CCly

The name of the compound is the name of the first element, carbon, followed
by the base name of the second element, chlor, prefixed by tetra- to indicate
four, and the suffix -ide. The entire name is carbon tetrachloride.

BCl,

The name of the compound is the name of the first element, boron, followed
by the base name of the second element, chlor, prefixed by tri- to indicate
three, and the suffix -ide. The entire name is boron trichloride.

SF;

The name of the compound is the name of the first element, sulfur, followed
by the base name of the second element, fluor, prefixed by hexa- to indicate
six, and the suffix -ide. The entire name is sulfur hexafluoride.

SRR S 35K Naming Molecular Compounds

Name the compound N,O,.

L L a & lda] Example 5.25; Problems 67, 68.

ﬂ Naming Acids

Acids are molecular compounds that form H* ions when dissolved in water.
They are composed of hydrogen, usually written first in their formula, and
one or more nonmetals, written second. Acids are characterized by their sour
taste and their ability to dissolve some metals. For example, HCl(ag) is an
acid—the (2q) means “aqueous” or “dissolved in water”; that is, it is a molec-
ular compound that forms H™ ions in water. HCl(aq) has a characteristically
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» Figure 5.15 Classification of
acids Acids can be divided into two
types, depending on the number of
elements in the acid. If the acid con-
tains only two elements, it is a binary
acid. If it contains oxygen, it is an
oxyacid. |

Binary
contain only two

Oxyacids

cont

sour taste. Since HCl(ag) is present in stomach fluids, its sour taste becomes

HCI(g) refers to HCl molecules in the gas ; . ) o ;
: I painfully obvious during vomiting. HCl(ag) also dissolves some metals. For

phase.
example, if you drop a strip of zinc into a beaker of HCl(ag), it will slowly
disappear as the acid converts the zinc metal into dissolved Zn?" cations.

Acids are present in many foods, such as lemons and limes, and they are
used in some household products such as toilet bowl cleaner and Lime-A-
Way. In this section, we simply learn how to name them, but in Chapter 14 we
will learn more about their properties. Acids can be divided into two cate-
gories: binary acids, those containing only hydrogen and a nonmetal, and
oxyacids, those containing hydrogen, a nonmetal, and oxygen (4 Figure 5.15).
NAMING BINARY ACIDS
Binary acids are composed of hydrogen and a nonmetal. The names for bina-
ry acids have the following form:
] :- base_narne of . cid' .
i 1 _non_rpetal | e
For example, HCl(aq) is named hydrochloric acid and HBr(ag) is named
hydrobromic acid.
HCl(agq) hydrochloric acid HBr(ag) hydrobromic acid
Naming Binary Acids

Give the name of H;5(ag).

The base name of S is sulfur, so the name is Solution:

hydrosulfuric acid. | HzS(ag)  hydrosulfuric acid

Naming Binary Acids

Give the name of HF(ag).

‘ Example 5.26; Problems 73b, 74d.

NAMING OXYACIDS

Oxyacids are derived from the oxyanions found in the table of polyatomic
ions (Table 5.6). For example, HNO3(aq) is derived from the nitrate (NO3;7)
ion, H,SO5(aq) is derived from the sulfite (SO3°”) ion, and H,S04(ag) is de-
rived from the sulfate (S50427) ion. Notice that these acids are simply a com-
bination of one or more H* ions with an oxyanion. The number of H¥ ions
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Figure 5.16 Classification of
oxyacids Oxyacids can be divided
into two types, depending on the
ending of the oxyanion from which ]

~ Oxyacids
Contain oxygen

they are derived.

-ate -ite
Name of oxyanion Name of oxyanion
ends in -ate in -7

depends on the charge of the oxyanion, so that the formula is always charge-
neutral. The names of oxyacids depend on the ending of the oxyanion
(» Figure 5.16).

The names of acids composed of oxyanions ending with -ate have the
following form:

base name of
oxyanion + -ic

The names of acids composed of oxyanions ending with -ite take this form:

base name of
oxyanion + -ous

So HNOj is named nitric acid (oxyanion is nitrate), and H,SO3 is named
sulfurous acid (oxyanion is sulfite).

HNOs(ag) nitric acid H,503(ag) sulfurous acid

G HESSRER Naming Oxyacids

Give the name of HC,H30,(ag).

o . | .
The oxyanion is acetate, which ends in -ate; | Solution:
therefore, the name of the acid is acetic acid. | HC,H30,(aq) acetic acid

SRR )26 E Naming Oxyacids

Give the name of HNOy(ag).

6 Example 5.27, Example 5.28; Problems 73acd, 74abc.

m Nomenclature Summary

Naming compounds requires several steps. The flow chart in » Figure 5.17
summarizes the different categories of compounds that we have learned and
how to identify and name them. The first step is to decide whether the com-

ngsczrlzrtigr:nn;gﬂg di-stliwbactlaiss t?;y are pound is ionic, molecular, or an acid. You can recognize ionic compounds by
molecular compounds'that form H* ions  the presence of a metal and a nonmetal, molecular compounds by two or
when dissolved in water. more nonmetals, and acids by the presence of hydrogen (written first) and

one or more nonmetals.
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Tonic
Metal and
nqnmetal

|

]

'

TypeIl

Typel
Metal forms one Metal forms more
type of ion only than one type of ion.
— £ . !

4

name of base name of
cation  anion (nonmetal
(metal) + -ide

Example: Cal,
calcium iodide ,/

name of
cation
(metal)

in roman numerals
in parentheses

Example: FeCly
iron(II) chloride

charge of cation (metal)

Molecules and Compounds

Molecular
Nonm_etals g

ONiv

v

name of - - base name of ‘|  base name of
prefix 1st prefix = 2nd element | oxyanion | acid
element | + -ide

- =l -
Example: P,O
diphosphorus pentoxide

} base name of _l
‘anion (nonmetal

+ -ide

Figure 5.17 Nomenclature flow chart

Zinc (Zn?%), scandium (5¢3,) and silver
(Ag*) also from Type 1 ionic compounds.

IONIC COMPOUNDS

i Binary
. Two-element

e -i(,‘ |! J |

Example: H3PO4
phosphoric acid

Example: H,SO;
sulfurous acid

Example: HCI
hydrochloric acid
* Acids must be in aqueous solution.

For an ionic compound, you must next decide whether it is a Type I or Type
IT ionic compound. Group 1A (alkali) metals, Group 2A (alkaline earth) met-
als, and aluminum will always form Type I ionic compounds (Figure 4.14).
Most of the transition metals will form Type II ionic compounds. Once you
have identified the type of ionic compound, name it according to the scheme
in the chart. If the ionic compound contains a polyatomic jon—something
you must recognize by familiarity—insert the name of the polyatomic ion in
place of the metal (positive polyatomic ion) or the nonmetal (negative poly-

atomic ion).

MOLECULAR COMPOUNDS

We have learned how to name only one type of molecular compound, the bi-
nary (two-element) compound. If you identify a compound as molecular,
name it according to the scheme in Figure 5.17.



Acid Rain

Acid rain occurs when rainwater mixes with air
pollutants—such as NO, NO,, and SO,—that form acids.
NO and NO,, primarily from vehicular emission, com-
bine with water to form HNOs3(ag). SO,, primarily from
coal-powered electricity generation, combines with
water and oxygen in air to form H;SOy4(ag). HNO3(aq)
and H;504(ag) both cause rainwater to become acidic.
The problem is greatest in the northeastern United
States, where pollutants from midwestern electrical
power plants combine with rainwater to produce rain
with acid levels that are up to ten times higher than
normal.

When acid rain falls or flows into lakes and streams,
it makes them more acidic. Some species of aquatic
animals—such as trout, bass, snails, salamanders, and
clams—cannot tolerate the increased acidity and die.
This then disturbs the ecosystem of the lake, resulting in
imbalances that may lead to the death of other aquatic
species. Acid rain also weakens trees by dissolving nufri-
ents in the soil and by damaging their leaves. Appalachi-
an red spruce trees have been the hardest hit, with many
forests showing significant acid rain damage.

Acid rain also damages building materials. Acids
dissolve CaCOj (limestone), a main component of marble

A A forest damaged by acid rain.

ACIDS

5.10

Nomenclature Summary

4 Acid rain harms
many materials, includ-
ing the limestone often
used for tombstones,
buildings, and statues.

and concrete, and iron, the main component of steel. Con-
sequently, many statues, buildings, and bridges in the
northeastern United States show significant deteriora-
tion, and some historical gravestones made of limestone
are barely legible due to acid rain damage.

Although acid rain has been a problem for many
years, innovative legislation has offered hope for change.
In 1990, Congress passed several amendments to the
Clean Air Act that included provisions requiring electrical
utilities to reduce SO, emissions. Since then, SO, emis-
sions have decreased, and rain in the northeastern United
States has become somewhat less acidic. With time, and
continued enforcement of the acid rain program, lakes,
streams, and forests damaged by acid rain should recover.
However, acid rain continues to worsen in countries such
as China, where industrial growth is outpacing environ-
mental controls. International cooperation is essential to
solving environmental problems such as acid rain.

CAN YOU ANSWER THIS? Provide the names for each of the
following compounds, given here as formulas:

NO, NO,, SO, HNOj3(ag), CaCO3

145

To name an acid, you must first decide whether it is a binary (two-element)
acid or an oxyacid (an acid containing oxygen). Binary acids are named ac-
cording to the scheme in Figure 5.17. Oxyacids must be further subdivided
based on the name of their corresponding oxyanion. If the oxyanion ends in
-afe, use one scheme; if it ends with -ife, use the other.
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®

Nomenclature Using Figure 5.17

Name each of the following: CO, CaF,, HF(ag), Fe(NO;)3, HClO4(ag),
HQSO3(aq).
Solution:

For each compound, the following table shows how to use Figure 5.17 to ar-
rive at a name for the compound.

Formula Flow Chart Path Name

CO Molecular carbon monoxide
CaF, Ionic — Typel — calcium fluoride
HF(aq) Acid — Binary — hydrofluoric acid
Fe(NOs)3 Ionic — Typell — iron(III) nitrate
HC1O4(ag) Acid — Oxyacid — -ate — perchloric acid
H,503(ag) Acid — Oxyacid — -ite — sulfurous acid

el llel= :i{a €l Problems 87, 88.

m Formula Mass: The Mass of a Molecule or Formula Unit

Also in common use are the terms
molecular mass and molecular weight,
which have the same meaning as
formula mass.

Formula mass =

Chapter 4 introduced atoms and elements and designated the average mass
of the atoms that compose an element as the atomic mass for that element.
Similarly, in this chapter, which introduces molecules and compounds, we
designate the average mass of the molecules (or formula units) that compose
a compound as the formula mass.

For any compound, the formula mass is simply the sum of the atomic
masses of all the atoms in its chemical formula:

Like atomic mass for atoms, formula mass characterizes the average mass
of a molecule or formula unit. For example, the formula mass of water,

Hzo, is:
Formula mass = 2(1.01 amu) + 16.00 amu
= 18.02 amu

and that of sodium chloride, NaCl, is:

Formula mass = 22.99 amu + 35.45 amu
= 58.44 amu

In addition to giving a characteristic mass to the molecules or formula units
of a compound, formula mass—as we will learn in Chapter 6—allows us to
quantify the number of molecules or formula units in a sample of a given
mass.
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G0N HEREN Calculating Formula Mass

Solution:

ing gas.

Formula mass

Calculate the formula mass of carbon tetrachloride, CCl,.

To find the formula mass, we sum the atomic masses of each atom in the
chemical formula.

= 1 X (Formula mass C) + 4 X (Formula mass Cl)
= 12.01 amu + 4(35.45 amu)

= 12.01 amu + 141.80 amu

= 153.8 amu

S RA:AI e 8T Calculating Formula Masses

Calculate the formula mass of dinitrogen monoxide, N,O, also called laugh-

l Feliflifoli{= i@ lad=] Example 5.29; Problems 77, 78.

\! CONCEPTUAL CHECKPOINT 5.3 '

Which of the following has the greatest formula mass?

(-a} OZ
(b) O
(c) Hzo
) H,0,

Chapter in Review

Chemical Principles

Relevance

Compounds: Matter is ultimately composed of
atoms, but those atoms are often combined in com-
pounds. The most important characteristic of a com-
pound is its constant composition. The elements that
compose a particular compound are in fixed, definite

Compounds: Most of the matter we encounter is in
the form of compounds. Water, salt, and carbon dioxide
are all good examples of common simple compounds.
More complex compounds include caffeine, aspirin,
acetone, and testosterone.

proportions in all samples of the compound.

Chemical Formulas: Compounds are represented
by chemical formulas, which indicate the elements
present in the compound and the relative number of
atoms of each. These formulas represent the basic units
that compose a compound.

Pure substances can be categorized according to the
basic units that compose them. Elements can be com-
posed of atoms or molecules. Compounds can be
molecular, in which case their basic units are mole-
cules, or ionic, in which case their basic units are ions.
The formulas for many ionic compounds can be writ-
ten simply by knowing the elements in the compound.

Chemical Formulas: To understand compounds, we
must understand their composition, which is repre-
sented by a chemical formula. The connection between
the microscopic world and the macroscopic world
hinges on the particles that compose matter. Since most
matter is in the form of compounds, the properties of
most matter depend on the molecules or ions that com-
pose it. Molecular matter does what its molecules do;
ionic matter does what its ions do. The world we see
and experience is governed by what these particles are
doing.
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Chemical Principles

Relevance

Chemical Nomenclature: The names of simple
ionic compounds, molecular compounds, and acids
can all be written by examining their chemical formula.
The nomenclature flow chart (Figure 5.17) shows the
basic procedure for determining these names.

Formula Mass: The formula mass of a compound is
the sum of the atomic masses of all the atoms in the
chemical formula for the compound. Like atomic mass
for elements, formula mass characterizes the average
mass of a molecule or formula unit.

Chemical Skills

Chemical Nomenclature: Since there are so many
compounds, we need a systematic way to name them.
By learning these few simple rules, you will be able to
name thousands of different compounds. The next time
you look at the label on a consumer product, try to
identify as many of the compounds as you can.

Formula Mass: Besides being the characteristic mass
of a molecule or formula unit, formula mass is impor-
tant in many calculations involving the composition of
compounds and quantities in chemical reactions.

Examples

Constant Composition of Compounds

(Section 5.2)

The law of constant composition states that all samples
of a given compound should have the same ratio of
their constituent elements.

To determine whether experimental data is consistent
with the law of constant composition, compute the ra-
tios of the masses of each element in all samples. When
computing these ratios, it is most convenient to put the
larger number in the numerator (top) and the smaller
one in the denominator (bottom); that way, the ratio is
greater than 1. If the ratios are the same, then the data is
consistent with the law of constant composition.

Writing Chemical Formulas (Section 5.3)

Chemical formulas indicate the elements present in a
compound and the relative number of atoms of each.
When writing formulas, put the more metallic element
first.

Constant Composition
of Compounds

Two samples said to be carbon disulfide (CS,) are de-
composed into their constituent elements. One sample
produced 8.08 g S and 1.51 g C, while the other pro-
duced 31.3 g S and 3.85 g C. Are these results consis-
tent with the law of constant composition?

Solution: Sample 1
8.08
II\\AA:;SSS(Sj - 1.512 =59
Sample 2
MassS 313g 813

MassC 3.85g

These results are not consistent with the law of constant
composition so the information that the two samples

6

é are the same substance must therefore be in error.

S ESERES Writing Chemical Formulas

Write a chemical formula for the compound contain-
ing one nitrogen atom for every two oxygen atoms.

Solution:

NO,




Total Number of Each Type of Atom in a
Chemical Formula (Section 5.3)

The numbers of atoms not enclosed in parentheses are
given directly by their subscript.

The numbers of atoms within parentheses are found
by multiplying their subscript within the parentheses
by their subscript outside the parentheses.

o
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Total Number of Each Type of Atom
in a Chemical Formula

EXAMPLE 5.18

Determine the number of each type of atom in
Pb(ClO3),.

Solution:
One Pb atom

Two Cl atoms
Six O atoms

Classifying Elements as Atomic or Molecular
(Section 5.4)

Most elements exist as atomic elements, their basic
units in nature being individual atoms. However, sev-
eral elements (H,, Ny, Oy, Fp, Cl,, Bry, and 1,) exist as
molecular elements, their basic units in nature being di-
atomic molecules.

" EXAMPLE 5.19 Classifying Elements as Atomic or
Molecular

Classify each of the following elements as atomic or
molecular: Na, I, N.

Solution:

Na: atomic
I: molecular (I5)
N: molecular (N,)

Classifying Compounds as lonic or Molecular
(Section 5.4)

Compounds containing a metal and a nonmetal are
ionic. Metals that form more than one type of ion, typical
of transition metals, are Type 1.

Compounds containing a metal and one or more
nonmetals are ionic. Metals that form one type of ion—
typical of Group I, Group I, and aluminum—are Type 1.

Compounds composed of nonmetals are molecular.

Writing Formulas for lonic Compounds
(Section 5.5)

1. Write the symbol for the metal ion followed by the
symbol for the nonmetal ion (or polyatomic ion) and
their charges. These charges can be deduced from the
group numbers in the periodic table. (In the case of
polyatomic ions, the charges come from Table 5.6.)

2. Make the magnitude of the charge on each ion be-
come the subscript for the other ion.

3. Check to see if the subscripts can be reduced to sim-
pler whole numbers. Subscripts of 1 can be dropped,
since they are normally implied.

4. Check that the sum of the charges of the cations

exactly cancels the sum of the charges of the anions. 3

Classifying Compounds as lonic or

EXAMPLE 5.20 Molecular

Classify each of the following compounds as ionic or
molecular. If they are ionic, classify them as Type I or
Type Il ionic compounds:

F€C13, KzSO4, CC14

Solution:

FeCly: ionic, Type I

K750y  ionic, Typel

CClg: molecular

Writing Formulas for lonic
Compounds

Write a formula for the compound that forms from
lithium and sulfate ions.
Solution:
Lit SO,*
Li,(SOy)
In this case, the subscripts cannot be further reduced.
Li,SO4
Cations: Anions:
2(14) = 2+ 2—
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Naming Type I Binary lonic Compounds

(Section 5.7)

The name of the metal is unchanged. The name of the
nonmetal is its base name with the ending -ide.

Naming Type | Binary lonic
Compounds

Give the name for the compound Al,Og.

Solution:
aluminum oxide

Naming Type 1l Binary lonic Compounds
(Section 5.7)

Since the name of Type II compounds includes the
charge of the metal ion, we must first find that charge. To
do this, compute the total charge of the nonmetal ions.

The total charge of the metal ions must equal the total
charge of the nonmetal ions, but have the opposite sign.

The name of the compound is the name of the metal
ion, followed by the charge of the metal ion, followed
by the base name of the nonmetal + -ide.

EXAMPLE 5.23 Naming Type Il Binary lonic
| Compounds

Give the name for the compound Fe,Ss.

Solution:

3 sulfide ions X (2—) = 6—

-+

I}
W w o

2 iron ions X (7?)
? +
Charge of each iron ion = 3+

iron(I1l) sulfide

lon (Section 5.7)

Name Type I and Type Il ionic compounds containing a
polyatomic ion in the normal way, except substitute the
name of the polyatomic ion (from Table 5.6) in place of
the nonmetal. (This example is Type 1I.)

The charge on the metal jon must be equal in magni-
tude to the sum of the charges of the polyatomic ions
but opposite in sign.

The name of the compound is the name of the metal
ion, followed by the charge of the metal ion, followed
by the name of the polyatomic ion.

Naming Compounds Containing a
Polyatomic lon

Give the name for the compound Co(ClOy),.
Solution:

2 perchlorate jons X (1—) = 2—
Charge of cobaltion = 2+

cobalt(Il) perchlorate

Naming Molecular Compounds (Section 5.8)

The name consists of a prefix indicating the number of
atoms of the first'element, followed by the name of the
first element, and a prefix for the number of atoms of
the second element followed by the base name of the
second element plus the suffix -ide. When mono- occurs
on the first element, it is normally dropped.

N HEEEYEN Naming Molecular Compounds

Name the compound NO,.

Solution:
nitrogen dioxide

Naming Binary Acids (Section 5.9)

The name begins with hydro-, followed by the base
name of the nonmetal, plus the suffix -ic and then the
word acid.

Naming Binary Acids
Name the acid Hl(ag).

Solution:
hydroiodic acid



Naming Oxyacids with an Oxyanion Ending in
-ate (Section 5.9)

The name is the base name of the oxyanion + -ic,
followed by the word acid (sulfate violates the rule some-
what, since in strict terms, the base name would be sulf).
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Naming Oxyacids with an Oxyanion
Ending in -ate

Name the acid H,SO,(ag).

Solution:
The oxyanion is sulfate. The name of the acid is sulfuric

acid.

Naming Oxyacids with an Oxyanion Ending in
-ite (Section 5.9)

The name is the base name of the oxyanion + -ous,
followed by the word acid.

EXATIPLE 528 Nan.ung_ Oxyauds with an Oxyanion
Ending in -ite

Name the acid HCIO»({ag).

Solution:
The oxyanion is chlorite. The name of the acid is
chlorous acid.

Calculating Formula Mass (Section 5.11)

The formula mass is the sum of the atomic masses of
all the atoms in the chemical formula. In determining
the number of each type of atom, don’t forget to
multiply subscripts inside parentheses by subscripts
outside parentheses.

KEY TERMS

acid [5.9]

atomic element [5.4]
binary acid [5.9]
binary compound [5.7]
chemical formula [5.3]

formula mass [5.11]
formula unit [5.4]
jonic compound [5.4]
law of constant
composition [5.2]

EXERCISES

EXAMPLE 5.29 Calculating Formula Mass

Calculate the formula mass of Mg(NO3),.

Solution:

Formula mass = 24.31 + 2(14.01) + 6(16.00)
= 148.33 amu

transition metals [5.7]
Type I compound [5.7]
Type II compound [5.7]

molecular compound [5.4]
molecular element [5.4]
oxyacid [5.9]

oxyanion [5.7]

polyatomic ion [5.7]

Questions

1. Do the properties of an element change when it
combines with another element to form a com-
pound? Explain.

2. How would the world be different if elements did
not combine to form compounds?

3. What is the law of constant composition? Who dis-

covered it?

. What is a chemical formula? Give some examples.

. In a chemical formula, which element is listed first?

. In a chemical formula, how do you calculate the

number of atoms of an element within parenthe-
ses? Give an example.

. What is the difference between a molecular ele-

ment and an atomic element? List the elements that
occur as diatomic molecules.

N Ul R

~1

8. What is the difference between an ionic compound
and a molecular compound?

9. What is the difference between a common name for
a compound and a systematic name?

10. List the metals that form Type I ionic compounds.
What are the group numbers of these metals?

11. Find the block in the periodic table of elements that
tend to form Type II ionic compounds. What is the
name of this block?

12. What is the basic form for the names of Type I ionic
compounds?

13. What is the basic form for the names of Type II
ionic compounds?

14. Why are numbers needed in the names of Type II
ionic compounds?



