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Chemical Bonding: The Ionic Bond Model
Chapter 4

	


Problem-Set Solutions

4.1
A valence electron is an electron in the outermost electron shell of a representative element or 
a noble-gas element.






a.
Two valence electrons in the 2s subshell (shown by the superscript 2)



b.
Two valence electrons, in the 3s subshell






c.
Three valence electrons, two in the 2s subshell and one in the 3p subshell


d.
Four valence electrons, two in the 4s subshell and two in the 4p subshell

4.2
a.
8
b.
3
c.
1
d.
7

4.3
Use the periodic table on the inside cover of your textbook.




a.
3Li is in Group IA, so it has 1 valence electron.






b.
10Ne is in Group VIIIA, so it has 8 valence electrons.





c.
20Ca is in Group IIA, so it has 2 valence electrons.





d.
53I is in Group VIIA, so it has 7 valence electrons.

4.4
a.
group IIA, 2 valence electrons
b.
group IA, 1 valence electron


c.
group VA, 5 valence electrons
d.
groupVIIA, 7 valence electrons

4.5
a.
A Period 2 element with 4 valence electrons is found in Group IVA; this element is carbon: 

1s22s22p2






b.
A Period 2 element with 7 valence electrons is found in Group VIIA; this element is 


fluorine: 1s22s22p5






c.
A Period 3 element with 2 valence electrons is found in Group IIA; this element is 


magnesium: 1s22s22p63s2






d.
A Period 3 element with 5 valence electrons is found in Group VA; this element is 


phosphorus: 1s22s22p63s23p3

4.6
a.
1s22s1
b.
1s22s22p4
c.
1s22s22p63s23p5
d.
1s22s22p63s23p1
4.7
A Lewis symbol is the chemical symbol of an element surrounded by dots equal in number to 
the number of valence electrons (electrons in the outermost shell) in atoms of the element. 
The number of valence electrons can be determined from the element’s group number in the 
periodic table.
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4.9
The number of valence electrons an atom has corresponds to its group number. Count the 
number of valence electrons given in each Lewis symbol and find the Period 2 element that is 
in that group.







a.
Li
b.  F
c.  Be
d.  N




4.10
a.
Al
b.
Si
c.
S
d.
Ar

4.11
An ion is an atom (or group of atoms) that is electrically charged because it has lost or gained 
electrons.









a.
The symbol for the ion is O2–. The atom has gained two electrons and so has a –2 charge.
b.
The symbol for the ion is Mg2+. The atom has lost two electrons and so has a +2 charge.

c.
The symbol for the ion is F–. The atom has gained one electron and so has a –1 charge.

d.
The symbol for the ion is Al3+. The atom has lost three electrons and so has a +3 charge.

4.12
a.
Cl–
b.
S2–
c.
K+
d.
Be2+
4.13
The number of protons in each ion gives the atomic number, and thus the atomic symbol, of 
the element. Since electrons are negative and protons are positive, the difference between the 
numbers of protons and electrons gives the charge on the ion and its magnitude.


a.
The chemical symbol is Ca2+. The charge is +2; there are two more protons than electrons.
b.
The chemical symbol is O2–. The charge is –2; there are two more electrons than protons.
c.
The chemical symbol is Na+. The charge is +1; there is one more proton than electrons.

d.
The chemical symbol is Al3+. The charge is +3; there are three more protons than electrons.

4.14
a.
P3–
b.
Cl–
c.
Mg2+
d.
K+
4.15
From the atomic symbol we know the number of protons in an atom. The charge on the ion 
and its magnitude is equal to the number of protons minus the number of electrons.

a.
15 protons and 18 electrons. P (Z = 15) has 15 protons. Since the charge is –3, the ion has 

three more electrons than protons. 







b.
7 protons and 10 electrons. N (Z = 7) has seven protons. Since the charge is –3, the ion has 

three more electrons than protons.







c.
12 protons and 10 electrons. Mg (Z = 12) has 12 protons. Since the charge is +2, the ion 

has two more protons than electrons.







d.
3 protons and 2 electrons. Li (Z = 3) has 3 protons. Since the charge is +1, the ion 


has one more proton than electrons.

4.16
a. 16p, 18e
b.
9p, 10e
c.
19p, 18e
d.
1p, 0e

4.17
Atoms tend to gain or lose electrons until they have obtained an electron configuration that is 
the same as that of a noble gas. 








a.
Mg loses two electrons to gain the electron configuration of neon; the ion has a +2 charge.
b.
N gains three electrons to gain the electron configuration of neon; the ion has a –3 charge.
c.
K loses one electron to gain the electron configuration of argon; the ion has a +1 charge.
d.
F gains one electron to the electron configuration of neon; the ion has a –1charge.

4.18
a.
1+
b.
3–
c.
2–
d.
3+

4.19
When atoms form ions, they tend to lose or gain the number of electron that will give them the 
electron configuration of a noble gas. Find each element’s nearest noble gas in the periodic
 
table.











a.
Two electrons are lost when Be forms an ion.






b.
One electron is gained
 when Br forms an ion.






c.
Two electrons are lost when Sr forms an ion.






d.
Two electrons are gained when Se forms an ion.






4.20
a.
1 lost
b.
1gained
c.
2 gained
d.
1 lost

4.21
Isoelectronic means that the ion and its nearest noble gas have the same number of electrons.
a.
O2– is isoelectronic with neon; both have 10 electrons.





b.
P3– is isoelectronic with argon; both have 18 electrons.





c.
Ca2+ is isoelectronic with argon; both have 18 electrons.




d.
K+ is isoelectronic with argon; both have 18 electrons.


4.22
a.
neon
b.
neon
c.
neon
d.
neon

4.23
The atoms of elements in Groups IA, IIA, and IIIA of the periodic table tend to lose one, two, 
or three valence electrons respectively to acquire a noble-gas electron configuration. Atoms of 
elements in Groups VA, VIA, and VIIA tend to gain one, two, or three electrons respectively 
to acquire a noble-gas configuration. 







a.
An element that forms an ion with a +2 charge would be found in Group IIA.


b.
An element that forms an ion with a –2 charge would be found in Group VIA.


c.
An element that forms an ion with a –3 charge would be found in Group VA.


d.
An element that forms an ion with a +1 charge would be found in Group IA.

4.24
a.
group IIIA
b.
group IVA
c.
group IVA
d.
group VIIA

4.25
Aluminum (13 electrons) forms a +3 ion, which means that the atom has lost three electrons to 
form the ion (10 electrons).








a.
Aluminum atom:  1s22s22p63s23p1
b. Aluminum ion:  1s22s22p6
4.26
a.
1s22s22p4
b.
1s22s22p6
4.27
A Lewis structure is a combination of Lewis symbols that represents either the transfer or the 
sharing of valence electrons in chemical bonds.
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4.29
The ratio in which positive and negative ions combine is the ratio that achieves charge 
neutrality (positive and negative charges balance) for the resulting ionic compound. This 
statement can be used to determine the chemical formulas of ionic compounds.


a.
BaCl2  Two Cl– ions combine with one Ba2+ ion to give an uncharged chemical formula.
b.
BaBr2  Two Br– ions combine with one Ba2+ ion to give an uncharged chemical formula.
c.
Ba3N2  Two N3– ions combine with three Ba2+ ions to give an uncharged chemical formula.
d.
BaO  One O2– combines with one Ba2+ ion to give an uncharged chemical formula.

4.30
a.
KCl
b.
KBr
c.
K3N
d.
K2O

4.31
The chemical formula for an ionic compound combines ions in a ratio that achieves a balance 
of positive and negative charges.






a.
MgF2
Two F– ions combine with one Mg2+ ion to give an uncharged chemical formula.

b.
BeF2
Two F– ions combine with one Be2+ ion to give an uncharged chemical formula.

c.
LiF
One F– ion combines with one Li+ ion to give an uncharged chemical formula.

d.
AlF3
Three F– ions combine with one Al3+ ion to give an uncharged chemical formula.


4.32
a.
MgS
b.
BeS
c.
Li2S
d.
Al2S3
4.33
The chemical formula for an ionic compound combines ions in a ratio that achieves a balance 
of positive and negative charges.






a.
Na2S   One S2– ion combines with two Na+ ions to give an uncharged chemical formula.

b.
CaI2    Two I– ions combine with one Ca2+ ion to give an uncharged chemical formula.

c.
Li3N   One N3– ion combines with three Li+ ions to give an uncharged chemical formula.
d.
AlBr3   Three Br– ions combine with one Al3+ ion to give an uncharged chemical formula.

4.34
a.
Li2O
b.
AlN
c.
KCl
d.
MgI2
4.35
A binary ionic compound forms between a metal (positive ion) and a nonmetal (negative ion). 
Metals are found on the left side of the periodic table; Figure 3.6 shows the dividing line 
between metals and nonmetals.






a.
The pair forms a binary ionic compound. Na is a metal; O is a nonmetal.


b.
The pair forms a binary ionic compound. Mg is a metal; S is a nonmetal.


c.
The pair does not form a binary ionic compound. Both N and Cl are nonmetals.


d.
The pair forms a binary ionic compound. Cu is a metal; F is a nonmetal.

4.36
a.
ionic
b.
ionic
c.
not ionic
d.
ionic

4.37
A binary ionic compound forms between a metal (positive ion) and a nonmetal (negative ion).
a.
Al2O3 is an ionic compound; Al is a metal and O is a nonmetal.




b.
H2O2 is not an ionic compound; both H and O are nonmetals.




c.
K2S is an ionic compound; K is a metal and S is a nonmetal.




d.
N2H4 is not an ionic compound; both N and H are nonmetals.

4.38
a.
ionic
b.
not ionic
c.
ionic
d.
ionic

4.39
In naming binary ionic compounds, name the metallic element first, followed by a separate 
word containing the stem of the nonmetallic element name and the suffix –ide.


a.
KI – potassium iodide
b.
BeO – beryllium oxide



c.
AlF3 – aluminum fluoride
d.
Na3P – sodium phosphide

4.40
a.
calcium chloride
b.
calcium carbide
c.
beryllium nitride
d.
potassium sulfide

4.41
In a binary ionic compound, oxide ion always has a charge of –2. The charge on the metal 
ion 
must balance the negative charge of the oxygen ions present.




a.
The charge on Au is +1. Since one oxide ion carries a –2 charge, this must be balanced 


by a +2 charge on two Au ions, or a +1 for each Au.





b.
The charge on Cu is +2. One oxide ion carries a –2 charge, which is balanced by one Cu2+. 
c.
The charge on Sn is +4. Two oxide ions carrying a  –4 charge are balanced by one Sn+4. 
d.
The charge on Sn is +2. One oxide ion carrying a  –2 charge is balanced by one Sn+2.

4.42
a.
+3
b.
+2
c.
+4
d.
+1

4.43
When naming a binary ionic compound containing a variably charged metal ion, the charge on 
the metal ion is incorporated in the name by using a Roman numeral after the metal name. 

a.
FeO is named iron(II) oxide.
b.
Au2O3 is named gold(III) oxide.


c.
CuS is named copper(II) sulfide.
d.
CoBr2 is named cobalt(II) bromide.

4.44
a.
lead(II) oxide
b.
iron(III) chloride



c.
tin(IV) oxide
d.
nickel(II) iodide

4.45
Figure 4.8 shows which metals have fixed ionic charges. The charge on a variably-charged 
metal ion is specified by a Roman numeral after the metal name in the compound name.

a.
AuCl is named gold(I) chloride.
b.
KCl is named potassium chloride.

c.
AgCl is named silver chloride.
d.
CuCl2 is named copper(II) chloride.


4.46
a.
nickel(II) oxide
b.
iron(III) nitride




c.
aluminum nitride
d.
beryllium oxide

4.47
The chemical formulas of binary ionic compounds must be balanced in terms of ionic charge. 
Table 4.2 gives the names of some common nonmetallic ions and their charges, and Figure 4.8 
gives charges for metallic elements with fixed ionic charges.




a.
KBr is the chemical formula for potassium bromide.





b.
Ag2O is the chemical formula for silver oxide.






c.
BeF2 is the chemical formula for beryllium fluoride.





d.
Ba3P2 is the chemical formula for barium phosphide.

4.48
a.
GaN
b.
ZnCl2
c.
MgS
d.
AlN

4.49
Since the charges on the nonmetallic ions are fixed, and we know the charges on the metal 
ions from their names, we can balance the chemical formulas in terms of ionic charge.

a.
CoS is the chemical formula for cobalt(II) sulfide.





b.
Co2S3 is the chemical formula for cobalt(III) sulfide.





c.
SnI4 is the chemical formula for tin(IV) iodide.






d.
Pb3N2 is the chemical formula for lead(II) nitride.

4.50
a.
Fe2O3
b.
FeO
c.
Ni2S3
d.
CuBr

4.51
a.
The chemical formula for sulfate is SO42–.








b.
The chemical formula for chlorate is ClO3–.







c.
The chemical formula for hydroxide is OH–.







d.
The chemical formula for cyanide is CN–.

4.52
a.
NH4+
b.
NO3–
c.
ClO4–
d.
PO43–
4.53
The following pairs of polyatomic ions have similar names but are chemically distinct.

a.
phosphate – PO43–; hydrogen phosphate –  HPO42–





b.
nitrate – NO3–; nitrite –  NO2–








c.
hydronium – H3O+; hydroxide –  OH–








d.
chromate – CrO42–; dichromate –  Cr2O72–
4.54
a.
ClO3– and ClO4–
b.
HPO42– and H2PO4–



c.
CO32– and HCO3–
d.
SO42– and HSO4–
4.55
The ionic charges in the chemical formulas are balanced choosing the numbers of positive and 
negative ions that will give the chemical formula a charge of zero.




a.
NaClO4  The +1 charge on one sodium ion balances the –1 charge on one perchlorate ion.
b.
Fe(OH)3  The +3 charge on one iron(III) ion balances the –1 charge on each of three 


hydroxide ions.








c.
Ba(NO3)2  The +2 charge on one barium ion balances the –1 charge on each of two nitrate 

ions.








d.
Al2(CO3)3  The +3 charge on two aluminum ions balances the –2 charge on each of the 


three carbonate ions.

4.56
a.
KCN
b.
(NH4)2SO4
c.
Co(H2PO4)2
d.
Ca3(PO4)2
4.57
In naming ionic compounds containing negative polyatomic ions, give the metal ion name first 
and then the name of the polyatomic ion.








a.
MgCO3 is named magnesium carbonate.
b.
ZnSO4 is named zinc sulfate.


c.
Be(NO3)2 is named beryllium nitrate.
d.
Ag3PO4 is named silver phosphate.

4.58
a.
lithium hydroxide
b.
aluminum cyanide



c.
barium chlorate
d.
sodium nitrate

4.59
When naming ionic compounds containing variable-charge metal ions and polyatomic ions, it 
is necessary to find the magnitude of the charge on each metal ion. To do this, balance the total 
negative charges against the total positive charges.





a.
Fe(OH)2 is named iron(II) hydroxide because the –2 charge on the hydroxide ions 


is balanced by a +2 charge on the iron ion (the variable-charge metal ion).


b.
CuCO3 is named copper(II) carbonate because the –2 charge on the carbonate ion is 


balanced by a +2 charge on the copper ion.







c.
AuCN is named gold(I) cyanide because the –1 charge on the cyanide ion is balanced by a 

+1 charge on the gold ion.








d.
Mn3(PO4)2 is named manganese(II) phosphate because the –3 charge on each of the two 

phosphate ions is balanced by a +2 charge on each of the three manganese ions.

4.60
a.
iron(III) nitrate
b.
cobalt(III) carbonate



c.
copper(I) phosphate
d.
lead(IV) sulfate

4.61
Balance the chemical formulas in terms of ionic charge. 





a.
Potassium bicarbonate – KHCO3   One potassium ion is balanced by one bicarbonate ion.
b.
Gold(III) sulfate – Au2(SO4)3   Two gold(III) ions are balanced by three sulfate ions.

c.
Silver nitrate – AgNO3   One silver ion is balanced by one nitrate ion.



d.
Copper(II) phosphate – Cu3(PO4)2   Three copper(II) ions are balanced by two phosphate 

ions.

4.62
a.
Al(NO3)2
b.
Fe2(SO4)3
c.
Ca(CN)2
d.
Pb(OH)4
4.63
a.
Na+ 
A sodium atom has 11 electrons; removing one electron produces a positively 


charged sodium ion.








b.
F–
A fluorine atom has 9 electrons; adding one electron produces a negatively charged 

fluorine ion.








c.
S2–
A sulfur ion having two more electrons than protons would have a –2 charge.

d.
Ca2+
A calcium ion having two more protons than electrons would have a +2 charge.

4.64
a.
XZ2
b.
X2Z
c.
XZ
d.
XZ

4.65
The most stable, and therefore the most common, configuration for ion formation is the noble-
gas electron configuration (eight valence electrons).





a.
Sulfur. The –2 charge on the ion indicates that two electrons were added to reach the noble 

gas electron configuration, so the atom has six valence electrons (Group VIA).


b.
Magnesium. The +2 charge on the ion indicates that two electrons were removed to reach 

the noble gas electron configuration; the atom has two valence electrons (Group IIA).

c.
Phosphorus. The –3 charge on the ion indicates that three electrons were added to reach the 

noble gas electron configuration; the atom has five valence electrons (GroupVA).

d.
Aluminum. The +3 charge on the ion indicates that three electrons were removed to reach 

the noble gas electron configuration; the atom has three valence electrons (Group IIIA).

4.66
a.
only monatomic ions
b.
both monatomic and polyatomic ions

c.
only polyatomic ions
d.
only monatomic ions

4.67
The first element in the chemical formula is a metal; it loses electrons to form positive ions. 
The second element, the nonmetal, gains electrons to form negative ions. The number of 
electrons lost or gained depends on the group number of the element.




a.
K+, Cl– (Group IA, Group VIIA)
b.
Ca2+, S2– (Group IIA, Group VIA)

c.
Be2+, two F– (Group IIA, Group VIIA)
d.
two Al3+, three S2– (Group IIA, Group VIA)

4.68
a.
Na3N, sodium nitride
b.
KNO3, potassium nitrate


c.
MgO, magnesium oxide
d.
(NH4)3PO4, ammonium phosphate

4.69
These binary ionic compounds contain variable-charge metal ions. Since the total charge on 
the metal ions is positive and equal to the total negative charge, you can find the charge on one 
metal ion.







a.
SnCl4 is named tin(IV) chloride; a +4 charge on one tin ion balances a –1 charge on each of 

four chloride ions: 1(+4) = +4; 4(–1) = –4    








SnCl2 is named tin(II) chloride; a +2 charge on one tin ion balances a –1 charge on each of 

two chloride ions: 1(+2) = +2; 2(–1) = –2   







b.
FeS is named iron(II) sulfide; 1(+2) = +2; 1(–2) = –2   






Fe2S3 is named iron(III) sulfide; 2(+3) = +6; 3(–2) = –6





c.
Cu3N is named copper(I) nitride; 3(+1) = +3; 1(–3) = –3






Cu3N2 is named copper(II) nitride; 3(+2) = +6; 2(–3) = –6





d.
NiI2 is named nickel(II) iodide; 1(+2) = +2; 2(–1) = –2






NiI3 is named nickel(III) iodide; 1(+3) = +3; 3(–1) = –3

4.70
a.
same (3+)
b.
different (1+ and 2+)



c.
different (1+ and 3+)
d.
different (2+ and 1+)

4.71
These ionic compounds contain variable-charge metal ions and polyatomic negative ions. The 
charge on each polyatomic negative ion can be found in Table 4.3. Balance the negative and 
positive charges.






a.
CuNO3 is named copper(I) nitrate; 1(+1) = +1; 1(–1) = –1





Cu(NO3)2 is named copper(II) nitrate; 1(+2) = +2; 2(–1) = –2




b.
Pb3(PO4)2 is named lead(II) phosphate; 3(+2) = +6; 2(–3) = –6





Pb3(PO4)4 is named lead(IV) phosphate; 3(+4) = +12; 4(–3) = –12



c.
Mn(CN)3 is named manganese(III) cyanide; 1(+3) = +3; 3(–1) = –3




Mn(CN)2 is named manganese(II) cyanide; 1(+2) = +2; 2(–1) = –2



d.
Co(ClO3)2 is named cobalt(II) chlorate; 1(+2) = +2; 2(–1) = –2





Co(ClO3)3 is named cobalt(III) chlorate; 1(+3) = +3; 3(–1) = –3

4.72
a.
Na2S
b.
Na2SO4
c.
Na2SO3
d.
Na2S2O3
4.73
Answer a. is correct. Answers b., c., and d. are incorrect: N has 5 valence electrons, F has 7 
valence electrons, and S has 6 valence electrons.

4.74
d

4.75
Statement d. is correct. When ionic bonds form, electrons are transferred from metallic atoms 
to nonmetallic atoms.

4.76
c

4.77
The correct chemical formula is a. MgO. The magnesium ion (Group IIA) has a charge of +2; 
the oxide ion (Group VIA) has a charge of –2. 







4.78
b

4.79
The correct chemical formula is a. AlN. The aluminum ion (Group IIIA) has a charge of +3; 
the nitride ion (Group VA) has a charge of –3. 

4.80
d

4.81
Answer c. is correct. Cyanide and hydroxide have the same charge: –1

4.82
a
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