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Periodic Table of Elements

Representative elements

Alkali  Alkaline Halogens Noble
metals earth gases

l metals l

1 18
Period  Group Group
number 1A 8A

] 2 13 14 15 16 17 »

1 H Group Group Group Group Group Group He
1o0s | 2A 3A° 4A 5A 6A TA | =

3 4 5 6 7 8 9 10

2 Li Be Transition elements B C N O F | Ne
6941 | 9012 | | | | 1081 | 1201 | 1401 | 1600 | 19.00 | 20.18

1 12 13 14 15 16 17 18

3 NaiMg| & & 5 e s —ss s o |AL[SI| P S ClIA
2299 | 2431 2698 | 28.09 | 30.97 | 32.07 | 3545 | 39.95

19 20 21 22 23 24 25 26 27 28 [ 29 30 31 32 33 34 35 36

4| K|Ca|Sc|Ti |V |Cr|Mn|Fe|Co|Ni|Cu|Zn | Ga|Ge|As | Se | Br|Kr
39.10 | 40.08 | 44.96 | 47.87 | 5094 | 52.00 | 54.94 | 55.85 | 5893 | 58.69 | 63.55 | 65.41 | 69.72 | 72.64 | 7492 | 78.96 | 79.90 | 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

5 |Rb|Sr| Y | Zr  [Nb|Mo| Tc |Ru|{Rh |Pd|Ag|Cd|In [Sn|Sb|Te | | |Xe
85.47 | 87.62 | 88.91 | 91.22 | 9291 | 9594 | (99) | 101.1 | 102.9 | 106.4 | 107.9 | 1124 | 114.8 | 1187 | 121.8 | 127.6 | 1269 | 1313

55 56 | 57+ 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

6 |Cs|Ba|La|Hf | Ta|W |Re|Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
1329 | 137.3 | 1389 | 1785 | 180.9 | 183.8 | 1862 | 1902 | 1922 | 195.1 | 197.0 | 2006 | 2044 | 207.2 | 209.0 | (209) | (210) | (222)

87 88 89+ | 104 | 105 | 106 | 107 [ 108 | 109 [ 110 | 111 | 112 | 113 | 114 [ 115 | 116 | 117 | 118

7 | Fr |Ra|Ac|Rf [ Db|Sg |[Bh|Hs |Mt|Ds|Rg|{Cn|— | Fl |—|Lv|—|—
(223) | (226) | (227) | (261) | (262) | (266) | (264) | (265) | (268) | (271) | (272) | (285) | (284) | (289) | (288) | (293) | (293) | (294)

58 59 60 61 62 63 64 65 66 67 68 69 70 71

#Lanthanides | Ce | Pr | Nd |Pm |Sm | Eu |Gd| Tb | Dy [Ho | Er [Tm| Yb | Lu

1401 | 1409 | 1442 | (145) | 1504 | 1520 | 157.3 | 158.9 | 1625 | 1649 | 167.3 | 1689 | 173.0 | 175.0

90 91 92 93 94 95 96 97 98 99 100 | 101 | 102 | 103

+Actinides | Th | Pa| U [Np| Pu [Am|Cm| Bk | Cf | Es |Fm |Md|No | Lr

2320 | 2310 | 238.0 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (262)

Metals Metalloids Nonmetals
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216 CHAPTER 6 lonic and Molecular Compounds

Why is sodium phosphate an ionic
compound and diphosphorus
pentoxide a molecular compound?

b. NiSO,, consisting of a cation of a transition element and a polyatomic ion SO,*", is an
ionic compound. As a transition element, Ni forms more than one type of ion. In this
formula, the 2— charge of SO, is balanced by one nickel ion, Ni**. In the name, a
Roman numeral written after the metal name, nickel(Il), specifies the 2+ charge. The
anion SO,>” is a polyatomic ion named sulfate. The compound is named nickel(II)
sulfate.

¢. SOj; consists of two nonmetals, which indicates that it is a molecular compound. The
first element S is sulfur (no prefix is needed). The second element O, oxide, has sub-
script 3, which requires a prefix #ri in the name. The compound is named sulfur trioxide.

STUDY CHECK 6.11
What is the name of Fe(NO3);?

ANSWER

iron(III) nitrate

Monatomic Polyatomic
ion ion
Use the
first syllable nalrisee(:lfl:he
of the element St
name, followed P yion

by ide

FIGURE 6.4 » A flowchart illustrates naming for ionic and molecular compounds.
@® Why are the names of some metal ions followed by a Roman numeral in the name of a compound?

QUESTIONS AND PROBLEMS

6.5 Molecular Compounds: Sharing Electrons

LEARNING GOAL Given the formula of a molecular 6.49 Name each of the following molecular compounds:
compound, write its correct name; given the name of a a. N,O3 b. Si,Brg c. PsS;
molecular compound, write its formula. d. PCls e. SeFq
6.50 Name each of the following molecular compounds:

6.47 Name each of the following molecular compounds: a. SiF, b. IBr; c. CO,

a. PBr3 b. Clzo C. CBI'4 d. N2F2 €. st3

d. HF e. NF; 6.51 Write the formula for each of the following molecular
6.48 Name each of the following molecular compounds: compounds:

a. CS, b. P,Os c. SiO, a. carbon tetrachloride b. carbon monoxide

d. PCl; e. CO c¢. phosphorus trichloride d. dinitrogen tetroxide
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6.52 Write the formula for each of the following molecular Applications
compounds:
a. sulfur dioxide b. silicon tetrachloride
c¢. iodine trifluoride d. dinitrogen oxide

6.55 Name each of the following ionic or molecular compounds:
a. Al,(SO,), antiperspirant
b. CaCOs;, antacid
c. N,O, “laughing gas,” inhaled anesthetic

compounds: d. Mg(OH),, laxative
a. oxygen difluoride b. boron trichloride

c. dinitrogen trioxide d. sulfur hexafluoride

6.53 Write the formula for each of the following molecular

6.56 Name each of the following ionic or molecular compounds:

a. Al(OH);, antacid
6.54 Write the formula for each of the following molecular

b. FeSQ,, iron supplement in vitamins
compounds: ) ¢. NO, vasodilator
a. sulfur dibromide b. carbon disulfide d. Cu(OH),, fungicide
c. tetraphosphorus hexoxide d. dinitrogen pentoxide

Follow Up -

COMPOUNDS AT THE PHARMACY
A few days ago, Richard went back to the Applications

pharma.cy to pick up aspirin, C5H3O4, and 6.57 Write the chemical formula for each of the following:
acetaminophen, CgHyNO,. He also wanted a. magnesium sulfate b. tin(II) fluoride
to talk to Sarah about a way to treat his sore ¢. aluminum hydroxide

toe. Sarah recommended soaking his foot

6.58 Write the chemical formula for each of the following:
in a solution of Epsom salts, which is

- a. calcium carbonate b. carbon dioxide
magnesium sulfate. Richard also asked c. iron(Il) sulfate
Sarah to recommend an antacid for hls.upset stomth and .an iron 6.59 Identify each of the compounds in problem 6.57 as ionic or
supplement. Sarah suggested an antacid that contains calcium molecular.
carbonate and aluminum hydroxide, and iron(ll) sulfate as an iron 6.60 Identify each of the compounds in problem 6.58 as ionic or

supplement. Richard also picked up toothpaste containing tin(ll) molecular.

fluoride, and carbonated water, which contains carbon dioxide. -
CONCEPT MAP

IONIC AND MOLECULAR COMPOUNDS

( lonic Compounds J ( Molecular Compounds J
N N
contain contain
( lonic Bonds J ( Covalent Bonds J
N NV
between between
( Metals J ( Nonmetals J ( Nonmetals J
N N
that form that form
' Positive lons ' ' Negative lons '
use

( Charge Balance J
V

to write subscripts for the

[Chemical Formula]
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CHAPTER REVIEW

6.1 lons: Transfer of Electrons

LEARNING GOAL Write the symbols for the
simple ions of the representative elements.

KM'\J' Nm:

Transfer of
« The stability of the noble gases is associated with a electrons
stable electron configuration in the outermost
energy level. A 4
* With the exception of helium, which has two

- .o
electrons, noble gases have eight valence electrons, M* ‘Nm!:
which is an octet.

¢ Atoms of elements in Groups 1A to 7A (1, 2, 13 Tonic bond

to 17) achieve stability by losing, gaining, or
sharing their valence electrons in the formation of compounds.

¢ Metals of the representative elements lose valence electrons to
form positively charged ions (cations): Group 1A (1), 1+, Group
2A (2), 2+, and Group 3A (13),3+.

¢ When reacting with metals, nonmetals gain electrons to form octets
and form negatively charged ions (anions): Groups 5A (15), 3—,

6A (16),2—, and 7A (17), 1—.
6.2 lonic Compounds

LEARNING GOAL Using charge balance, write
the correct formula for an ionic compound.

* The total positive and negative ionic charge is
balanced in the formula of an ionic compound.

¢ Charge balance in a formula is achieved by using
subscripts after each symbol so that the overall
charge is zero.

6.3 Naming and Writing lonic
Formulas

Sodium chloride

18

——
LEARNING
. .2 13 14 15 16 17
GOAL Given H G;“:p G;\I\HPGZTPG;\:{ApG:Aqu;:\uP
the formula of u ot | F

an ionic Na'M®| s @ m e 5 s+
2+ 2+| 2+ P INTA

compound, K Jca?! e oI o 2t

write the correct [go|s Ag'|cd?

name; given oo Ba? ::;:992::

the name of

Metals | Metalloids Nonmetals

an ionic
compound, write the correct formula.

¢ In naming ionic compounds, the positive ion is given first followed
by the name of the negative ion.

¢ The names of ionic compounds containing two elements end with
ide.

» Except for Ag, Cd, and Zn, transition elements form cations with
two or more ionic charges.

* The charge of the cation is determined from the total negative
charge in the formula and included as a Roman numeral
immediately following the name of the metal that has a variable
charge.

6.4 Polyatomic lons
LEARNING GOAL Write the name and formula for an ionic

compound containing a polyatomic ion.

¢ A polyatomic ion is a covalently bonded group
of atoms with an electrical charge; for example,
the carbonate ion has the formula CO;>".
* Most polyatomic ions have names that end
with ate or ite.
* Most polyatomic ions contain a nonmetal and
one or more oxygen atoms.
¢ The ammonium ion, NH4+, is a positive .
polyatomic ion.

* When more than one polyatomic ion is used ca?t so 42—
for charge balance, parentheses enclose the Sulfate
formula of the polyatomic ion. ion

6.5 Molecular Compounds: Sharing Electrons
LEARNING GOAL Given the formula of

1 mono
a molecular compound, write its correct ) di
name; given the name of a molecular 3 .
compound, write its formula. tn

4 tetra
¢ In a covalent bond, atoms of nonmetals

5 penta

share valence electrons such that each
atom has a stable electron configuration.
¢ The first nonmetal in a molecular compound uses its element
name; the second nonmetal uses the first syllable of its element
name followed by ide.
e The name of a molecular compound with two different atoms uses
prefixes to indicate the subscripts in the formula.

KEY TERMS

anion A negatively charged ion such as CI~, 0*", or SO,*".

cation A positively charged ion such as Na", Mg?", AI**, or NH,*.

chemical formula The group of symbols and subscripts that
represents the atoms or ions in a compound.

covalent bond A sharing of valence electrons by atoms.

ion An atom or group of atoms having an electrical charge because
of a loss or gain of electrons.

ionic charge The difference between the number of protons (positive)
and the number of electrons (negative) written in the upper right
corner of the symbol for the element or polyatomic ion.

ionic compound A compound of positive and negative ions held
together by ionic bonds.

molecular compound A combination of atoms in which stable
electron configurations are attained by sharing electrons.

molecule The smallest unit of two or more atoms held together by
covalent bonds.

octet A set of eight valence electrons.

octet rule Elements in Groups 1A to 7A (1, 2, 13 to 17) react with
other elements by forming ionic or covalent bonds to produce a
stable electron configuration, usually eight electrons in the outer
shell.

polyatomic ion A group of covalently bonded nonmetal atoms that
has an overall electrical charge.
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}o CORE CHEMISTRY SKILLS

The chapter section containing each Core Chemistry Skill is shown in
parentheses at the end of each heading.

Writing Positive and Negative lons (6.1)

¢ In the formation of an ionic bond, atoms of a metal lose and atoms
of a nonmetal gain valence electrons to acquire a stable electron
configuration, usually eight valence electrons.

* This tendency of atoms to attain a stable electron configuration is
known as the octet rule.

Example: State the number of electrons lost or gained by atoms and
the ion formed for each of the following to obtain a stable
electron configuration:

a. Br b. Ca c. S
Answer: a. Bratoms gain one electron to achieve a stable electron
configuration, Br—.
b. Ca atoms lose two electrons to achieve a stable electron
configuration, Ca?".

c. S atoms gain two electrons to achieve a stable electron
configuration, $>.

Writing lonic Formulas (6.2)

e The chemical formula of a compound represents the lowest whole-
number ratio of the atoms or ions.

 In the chemical formula of an ionic compound, the sum of the posi-
tive and negative charges is always zero.

* Thus, in a chemical formula of an ionic compound, the total posi-
tive charge is equal to the total negative charge.

Example: Write the formula for magnesium phosphide.

Answer: Magnesium phosphide is an ionic compound that contains

the ions Mg>" and P*".

Using charge balance, we determine the number(s) of each
type of ion.

32+) +23—)=0
3Mg>" and 2P~ give the formula Mg;P,.

Naming lonic Compounds (6.3)

¢ In the name of an ionic compound made up of two elements, the
name of the metal ion, which is written first, is the same as its
element name.

* For metals that form two or more ions, a Roman numeral that is
equal to the ionic charge is placed in parentheses immediately after
the name of the metal.

¢ The name of a nonmetal ion is obtained by using the first syllable
of its element name followed by ide.

Example: What is the name of PbS?

Answer: This compound contains the S ion which has a 2—
charge.

For charge balance, the positive ion must have a charge of 2+.
Pb? + 2—) = 0; Pb =2+
Because lead can form two different positive ions, a

Roman numeral (II) is used in the name of the compound:
lead(II) sulfide.

Writing the Names and Formulas for Molecular
Compounds (6.5)

* When naming a molecular compound, the first nonmetal in the
formula is named by its element name; the second nonmetal is
named using the first syllable of its element name followed by ide.

* When a subscript indicates two or more atoms of an element, a
prefix is shown in front of its name.

Example: Name the molecular compound BrFs.

Two nonmetals share electrons and form a molecular
compound. Br (first nonmetal) is bromine; F (second
nonmetal) is fluoride. In the name for a molecular
compound, prefixes indicate the subscripts in the formulas.
The subscript 1 is understood for Br. The subscript 5 for
fluoride is written with the prefix penta. The name is
bromine pentafluoride.

Answer:

UNDERSTANDING THE CONCEPTS

The chapter sections to review are shown in parentheses at the end of
each question.

6.61 a. Why does calcium form a Ca>" ion instead of a Ca*
ion? (6.1)
b. What is the electronic configuration of Ca>"?
c. Which element has the same electronic configuration
as Ca**?
6.62 a. Why does fluorine form an F~ ion instead of an F* ion? (6.1)
b. What is the electronic configuration of F~?
c. Which element has the same electronic configuration as F~?

6.63 Identify each of the following atoms or ions: (6.1)

18 e 8e 28¢ 23 e
15p" 8p" 30p" 26p"
16 n 8n 35n 28n
A B C D

6.64 Identify each of the following atoms or ions: (6.1)
2e Oe 3e 10e
35" Lt 35" Tt
4n 4n 8n

A B C D
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6.65 Consider the following Lewis symbols for elements X and Y: 6.67 Using each of the following electron configurations, give the
(6.1,6.2,6.5) formulas of the cation and anion that form, the formula for the
X Y compound they form, and its name. (6.2, 6.3)
a. What are the group numbers of X and Y? Formula of Name of
b. Will a compound of X and Y be ionic or molecular? Electron Configurations Cation Anion Compound Compound
c¢. What ions would be formed by X and Y? 15225%2p53s%3p%4s*  1s%25%2p*
d. What would be the formula of a compound of X and Y? 162251 1522525535235
e. What would be the formula of a compound of X and sulfur? i il
f. What would be the formula of a compound of Y and 1s%252p° 15%25%2p35%3p*
chlorine?
g. Is the compound in part f ionic or molecular? 6.68 Using each of the following electron configurations, give the

6.66 Consider the following Lewis symbols for elements X and Y: formulas of the cation and anion that form, the formula for the

6.1.62.6.5) compound they form, and its name. (6.2, 6.3)
X '.Y:' Formula of Name of
Wh b b X and Y2 Electron Configurations Cation Anion Compound Compound

a. at are the group numbers of X and Y? o 612 by

b. Will a compound of X and Y be ionic or molecular? 15°25°2p"3s73p 1s°25°2p°

c. What ions would be formed by X and Y? 15°25%2p%3s%3p%s"  1525%2p°

d. What would be the formula of a compound of X and Y? 152252 152525

e. What would be the formula of a compound of X and sulfur?

f. What would be the formula of a compound of Y and

chlorine?
g. Is the compound in part f ionic or molecular?

ADDITIONAL QUESTIONS AND PROBLEMS

6.69 Write the name for the following: (6.1) 6.74 Some ionic compounds such as strontium carbonate and
a. N>~ b. Mg?* c. 0¥ d. AP* barium chlorate are used as colorant in fireworks.

6.70 Write the name for the following: (6.1) (6.1,6.2,6.3,6.4)
a. K+ b. Na* c. Ba2* d. CI” a. What are the symbols of strontium and barium ions?

b. How many protons and electrons are there in a
strontium ion?

c. What is the formula of strontium carbonate?

d. What is the formula of barium chlorate?

6.71 Consider an ion with the symbol X>* and the electronic
configuration 15%25%2p°. (6.1, 6.2, 6.3)
a. What is the group number of the element X?

b. What is the element X?
c. What is the Lewis symbol of this element? 6.75 Write the formula for each of the following ionic compounds:
d. What is the formula of the compound formed from X and (62,63)
phosphate? a. silver bromide b. calcium fluoride
. alumi Ifid d. calci hosphat
6.72 Consider an ion with the symbol Z™ and the electronic ¢ aluminum Sutce eacium pospuate
configuration 15°25*2p®3s?3p°. (6.1, 6.2, 6.3) e. iron (II) chloride f. magnesium nitride
a. What is the group number of the element Z? 6.76 Write the formula for each of the following ionic compounds:
b. What is the element Z? (6-216'3) ] )
¢. What is the Lewis symbol of this element? a. nickel(IIT) oxide b. iron(Il) sulfide
d. What is the formula of the compound formed from a ¢. lead(Il) sulfate d. chromium(III) iodide
nickel(IT) ion and Z? e. lithium nitride f. gold(I) oxide
6.73 Rust consists of iron(II) oxide and some iron(IIT) hydroxide. 6.77 Name each of the following molecular compounds: (6.5)
6.1,6.2,6.3, 6.4) a. SF, b. PH; c. BBry
a. What is the symbol of iron(IIl) ion? d. PFs e. Cl,0, f. P,Os
b. How many protons and electrons are there in this ion? 6.78 Name each of the following molecular compounds: (6.5)
c. What is the formula of iron(III) oxide? a. B,Hg b. CIF; c. NO,

d. What is the formula of iron(III) hydroxide? d. CCl, e. PCl; f. N,Os
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6.79 Write the formula for each of the following molecular com-
pounds: (6.5)
a. carbon monoxide
b. phosphorous pentabromide
c. iodine heptafluoride
d. sulfur trioxide

6.80 Write the formula for each of the following molecular com-
pounds: (6.5)
a. sulfur dibromide b. carbon dioxide
c. nitrogen trichloride d. sulfur tetrafluoride

6.81 Classify each of the following as ionic or molecular, and give
its name: (6.3, 6.5)
a. N32C03 b. NH3 C. AIBI'3
d. C52 e. BN f. Ca3P2

6.82

6.83

6.84

Answers 221

Classify each of the following as ionic or molecular, and give

its name: (6.3, 6.5)

a. AIQ(CO3)3 b. CIFS C. BC13

d. Mg3N2 €. CIOZ f. CI'PO4

Write the formula for each of the following: (6.3, 6.4, 6.5)

a. tin(Il) carbonate b. lithium phosphide

c¢. silicon tetrachloride d. manganese(IIl) oxide

e. tetraphosphorus f. calcium bromide
triselenide

Write the formula for each of the following: (6.3, 6.4, 6.5)

a. dinitrogen monoxide b. lithium carbonate

c. magnesium hydroxide d. sodium acetate

CHALLENGE QUESTIONS

The following groups of questions are related to the topics in this chap-
ter. However, they do not all follow the chapter order, and they require
you to combine concepts and skills from several sections. These ques-
tions will help you increase your critical thinking skills and prepare for
your next exam.

6.85 Complete the following table for atoms or ions: (6.1)

Atom or Number of Number of Electrons Lost/
lon Protons Electrons Gained
K
12pt 10e”
8p" 2 ¢~ gained
10e” 3¢ lost

6.86 Complete the following table for atoms or ions: (6.1)

Atom or Number of Number of Electrons Lost/
lon Protons Electrons Gained
30 p* 2¢ lost
36p* 36¢
16p* 2 e gained
46 ¢~ 4 e lost

6.87

6.88

6.89

6.90

X denotes elements in period 2. Identify X in each of the
following ionic compounds: (6.2)
a. XNO3 b. A12X3 C. X(HSO4)2

X denotes elements in period 3. Identify X in each of the
following ionic compounds: (6.2)
a. XHCO3 b. Ba3X2 C. XPO4

Classify each of the following as ionic or molecular, and name
each: (6.2, 6.3,6.4,6.5)

a. L12HP04 b. C1F3 C. Mg(C102)2
d. NF; e. Ca(HSO,), f. KCIO,

g Auy(SO3);

Classify each of the following as ionic or molecular, and name
each: (6.2, 6.3, 64, 6.5)

a. FePO; b. Cl1,0, c. Ca;(POy),
d. PCl; e. Al(CIO,); f. Pb(C,H;0,),
g. MgCO;,

Answers to Selected Questions and Problems

6.1 a. 1 b. 2 c. 3 d. 1 e 2

6.3 a. 2¢ lost b. 3 ¢~ gained c. 1e¢ gained
d. 1¢ lost e. 1e gained

6.5 a. Li* b. F~ c. Mg?* d. Fe**

6.7 a. 29 protons, 27 electrons b. 34 protons, 36 electrons
c. 35 protons, 36 electrons d. 26 protons, 23 electrons

6.9 a. CI” b. Cs* c. N3~ d. R&"

6.11 a. lithium b. calcium
c. gallium d. phosphide
6.13 a. 8 protons, 10 electrons b. 19 protons, 18 electrons
¢. 53 protons, 54 electrons d. 11 protons, 10 electrons
6.15 aand ¢
6.17 a. Na,O b. AlBr; c. BasN,
d. MgFZ €. Ale3
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