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3.E: lonic Bonding and Simple lonic Compounds (Exercises)

Chapter Exercises

3.1: Two Types of Bonding

1. What is the octet rule?

2. How are ionic bonds formed?

3. Why is an ionic compound unlikely to consist of two positively charged ions?
4. Why is an ionic compound unlikely to consist of two negatively charged ions?

5. A calcium atom has two valence electrons. Do you think it will lose two electrons or gain six electrons to obtain an octet in its
outermost electron shell? Write the formula of the resulting ion.

6. An aluminum atom has three valence electrons. Do you think it will lose three electrons or gain five electrons to obtain an octet
in its outermost electron shell? Write the formula of the resulting ion.

7. A selenium atom has six valence electrons. Do you think it will lose six electrons or gain two electrons to obtain an octet in its
outermost electron shell? Write the formula of the resulting ion.

8. An iodine atom has seven valence electrons. Do you think it will lose seven electrons or gain one electron to obtain an octet in its
outermost electron shell? Write the formula of the resulting ion.

3.2: Ions

1. What are the two types of ions?
2. Use Lewis diagrams to illustrate the formation of an ionic compound from a potassium atom and an iodine atom.

3. When the following atoms become ions, what charges do they acquire?

a. Li
b.S
c. Ca
dF

4. Identify each as a cation, an anion, or neither.

a. H*
b. ClI~
c O,
d. Ba?*
e. CHy
f.CS,

5. Identify each as a cation, an anion, or neither.

a. NH3
b. Br~
c H
d. Hg?*
e. CCl,
f. SO,

6. Write the electron configuration for each ion.

a. Li*
b. Mg?*
c F

d. s>
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7. Write the electron configuration for each ion.

a. Na*
b. BeZ*
c CI”
d. 0%

8. Draw Lewis diagrams for the ions listed in Exercise 6. Also include Lewis diagrams for the respective neutral atoms as a
comparison.

9. Draw Lewis diagrams for the ions listed in Exercise 7. Also include Lewis diagrams for the respective neutral atoms as a
comparison.

10. Using Lewis diagrams, show the electron transfer for the formation of LiF.

11. Using Lewis diagrams, show the electron transfer for the formation of MgO.

12. Using Lewis diagrams, show the electron transfer for the formation of Li,O.

13. Using Lewis diagrams, show the electron transfer for the formation of CaF,.

14. What characteristic charge do atoms in the first column of the periodic table have when they become ions?

15. What characteristic charge do atoms in the second column of the periodic table have when they become ions?

16. What characteristic charge do atoms in the third-to-last column of the periodic table have when they become ions?

17. What characteristic charge do atoms in the next-to-last column of the periodic table have when they become ions?

3.5: Formula Mass

1. What is the relationship between atomic mass and formula mass?
2. How are subscripts used to determine a formula mass when more than one polyatomic ion is present in a chemical formula?
3. What is the formula mass for the ionic compound formed by each pair of ions?

a. Na" and Br~
b. Mg?* and Br~
c. Mg?" and $%

4. What is the formula mass for the ionic compound formed by each pair of ions?

a. K" and CI-
b. Mg?* and CI~
c. Mg?* and Se?”

5. What is the formula mass for the ionic compound formed by each pair of ions?

a. Na* and N3~
b. Mg?* and N3~
c. AlI¥* and S*°

6. What is the formula mass for the ionic compound formed by each pair of ions?

a. Li* and N3~
b. Mg?* and P>~
c. Li* and P%~

7. What is the formula mass for each compound?

a. FeBrj
b. FEBI‘Z
C. AUZS3
d. AUZS

8. What is the formula mass for each compound?
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d. Cl‘203
b. CrO

C. PbCIQ
d. PbCly

9. What is the formula mass for each compound?

d. CI‘(N03)3
b. FE3(PO4)2
c. CaCrOy4
d. Al(OH);

10. What is the formula mass for each compound?

d. NH4NO3
b. K,Cr,07
c. CupCOs3
d. NaHCO3

11. What is the formula mass for each compound?

a. Al(HSO,);
b. Mg(HSO,),

12. What is the formula mass for each compound?

d. CO(HCO3)2
b. LIHCO,

Answers

3.1: Two Types of Bonding

1. The octet rule is the concept that atoms tend to have eight electrons in their valence electron shell.

2. Tonic bonds are formed by the attraction between oppositely charged ions.

3. Positive charges repel each other, so an ionic compound is not likely between two positively charged ions.

4. Negative charges repel each other also. 5. Ca atom is more likely to lose two electrons. It will become Ca?" ion. 6. An Al atom is
more likely to lose three electrons. It will become Al*" ion.

7. Selenium is more likely to gain two electrons. It will become Se?” ion.

8. Iodine is more likely to gain one electron. It will become I" ion.

3.2: Ions

1. Cations (positive charged) and anions (negative charged).

TN .

Ke + ii— = Kk o+ 21— K

a. 1+
b. 2—
c 2+
d 1-

a. cation
b. anion
c. neither
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d. cation
e. neither
f. neither

. neither
. anion
anion
. cation
. neither
. neither
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3.5: Formula Mass

1. The formula mass is the sum of the atomic masses of the atoms in the formula.
2. The subscript is distributed throughout the parentheses to determine the total number of atoms in the formula.

3.

a. 102.89 amu
b. 184.11 amu
c. 56.38 amu

a. 74.55 amu
b. 95.21 amu
c. 103.28 amu

a. 82.98 amu
b. 100.95 amu
c. 150.17 amu

a. 35.01 amu
b. 134.87 amu
c. 51.79 amu

. 295.55 amu
. 215.65 amu
. 490.15 amu
.426.01 amu

a nNn o w

. 152.00 amu
. 68.00 amu

. 278.10 amu
. 349.00 amu

QN o

. 238.03 amu
. 357.49 amu
. 156.08 amu
78.01 amu

an o

10.

. 80.06 amu
. 294.20 amu
. 187.11 amu
. 84.01 amu

o N o e

11.

. 318.22 amu
b. 218.47 amu

=]

12.
a. 180.97 amu
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b. 67.96 amu

Additional Exercises

1. What number shell is the valence electron shell of a sodium atom? What number shell is the valence shell of a sodium ion?
Explain the difference.

2. What number shell is the valence electron shell of a bromine atom? What number shell is the valence shell of a bromide ion?
Explain the difference between these answers and the answers to Exercise 1.

3. What is the electron configuration of each ion?

1. K*
2. Mg+
3. F
4.8%
4. What is the electron configuration of each ion?

1. Li*

Ca**

. CI”

o*

. If a sodium atom were to lose two electrons, what would be the electron configuration of the resulting cation?

. Considering that electron shells are typically separated by large amounts of energy, use your answer to Exercise 5a to
suggest why sodium atoms do not form a 2+ cation.

N R A WN

6. 1. If a chlorine atom were to gain two electrons, what would be the electron configuration of the resulting anion?
2. Considering that electron shells are typically separated by large amounts of energy, use your answer to Exercise 6a to
suggest why chlorine atoms do not form a 2— anion.

7. Use Lewis diagrams and arrows to show the electron transfer that occurs during the formation of an ionic compound among Mg
atoms and F atoms. (Hint: how many atoms of each will you need?)

8. Use Lewis diagrams and arrows to show the electron transfer that occurs during the formation of an ionic compound among K
atoms and O atoms. (Hint: how many atoms of each will you need?)

9. Mercury forms two possible cations—Hg?* and Hg,?", the second of which is actually a two-atom cation with a 2+ charge.

1. Using common names, give the probable names of these ions.
2. What are the chemical formulas of the ionic compounds these ions make with the oxide ion, 0?"?

10. The uranyl ion (UO»%") is a common water-soluble form of uranium. What is the chemical formula of the ionic compound
uranyl nitrate? What is the chemical formula of the ionic compound uranyl phosphate?

11. The formal chemical name of the mineral strengite is iron(IIT) phosphate dihydrate. What is the chemical formula of strengite?
What is the formula mass of strengite?

12. What is the formula mass of MgSO4-7H,0?

13. What is the formula mass of CaSO,4-¥5H,0?

14. What mass does 20 formula units of NaCl have?

15. What mass does 75 formula units of K;SO,4 have?

16. If an atomic mass unit equals 1.66 x 10724 g, what is the mass in grams of one formula unit of NaCl?

17. If an atomic mass unit equals 1.66 x 1072 g, what is the mass in grams of 5.00 x 10?2 formula units of NaOH?

18. If an atomic mass unit equals 1.66 x 10724 g, what is the mass in grams of 3.96 x 10?3 formula units of (NH4)»SO4?

19. Both tin and lead acquire 2+ or 4+ charges when they become ions. Use the periodic table to explain why this should not
surprise you.

20. Which ion would you expect to be larger in size—In>* or TI>*? Explain.

21. Which ion would you expect to be smaller in size—I" or Br ? Explain.

22. Which ion with a 2+ charge has the following electron configuration? 1s22s°2p®

23. Which ion with a 3— charge has the following electron configuration? 1s22s°2p®
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Answers

1. For sodium, the valence shell is the third shell; for the sodium ion, the valence shell is the second shell because it has lost all its
third shell electrons.

2. The valence shell for both bromine atom and bromide ion is n=4. This is because the valence shell of bromine atom can
accommodate one more electron.

. 15%2522p°3s23p®

. 1s%25%2p®

. 1s22s%2p°

. 15225%2p53s%3p°®

152

. 15%2522p°3s23p®

. 15225%2p53s%3p®

. 1s22s%2p®

. 1s22522p5

. It probably requires too much energy to form.

6. 1. 15225%2p®3s23p®4s!

w
—

NP A WNRE A WN

2. Gaining the second electron would probably require too much energy.

7.
Fe o+ omg s LF: MgHt + 21 F i MaF
cFt Mgt 4+ LFI —— Mg 2:F —— gF,
8.
ST T T aa T e o_
K< + 0S5 45K —» 2K +:0:2 > K,0

9. 1. mercuric and mercurous, respectively

2. HgO and Hg,O, respectively

10. uranyl nitrate UO»(NO3), and uranyl phosphate (UO7)3(PO4),
11. FePO4-2H,0; 186.86 u

12.246.51u

13.145.16 u

14.1,169 u

15.13,070 u

16.9.701x 1023 g

17.3.32 g

18.86.9 g

19. Both tin and lead have two p electrons and two s electrons in their valence shells.
20. TI®" is larger because it is found lower on the periodic table
21. Br™ because it is higher up on the periodic table

22, Mg?*

23.N*"
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