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Chapter 6: Review Questions 

Basic Questions  
6.1 Electron-Dot Structures 
1. How many electrons can occupy the first shell? How many can occupy the second shell?

2. Which electrons are represented by an electron-dot structure?

3. How do the electron-dot structures of elements in the same group in the periodic table compare with 
one another?

4. Which are more stable: paired electrons or unpaired electrons?

6.2 Ion Formation 
5. How does an ion differ from an atom?

Solutions to odd numbered questions at the end of this document
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6. To become a negative ion, does an atom lose or gain electrons?

7. Why does the fluorine atom tend to gain only one electron?

8. Why does the sodium atom to lose only one electron?

9. What is a polyatomic ion?

6.3 Ionic Bonds 
10. Which elements tend to form ionic bonds?

11. Suppose an oxygen atom gains two electrons to become an oxygen ion. What is its net electric 
charge?

12. What is an ionic crystal?
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13. In the formation aluminum oxide, Al2O3, who gains electrons and who loses them?

6.4 Metallic Bonds 
14. Do metal atoms more readily gain or lose electrons?

15. What is an alloy?

16. What is a native metal?

17. What are two potential sources of metals that have yet to be exploited?

6.5 Covalent Bonds 
18. Which elements tend to form covalent bonds?

19. How many electrons are shared in a double covalent bond?
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20. Within a neutral molecule, how many covalent bonds does an oxygen atom form?

21. Within a polyatomic ion, how many covalent bonds does a negatively charged oxygen form?

6.6 Molecular Shape 
22.What does vsepr stand for?

23. What is meant by the term substituent?

24.  How many substituents does the oxygen atom in a water molecule have?

6.7 Polar Covalent Bonds 
25. What is a dipole?
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26. Which element in the periodic table has the greatest electronegativity? Which has the least elec-
tronegativity?

27. Which is more polar: a carbon–oxygen bond or a carbon–nitrogen bond?

6.8 Molecular Polarity 
28. How can a molecule be nonpolar when it consists of atoms that have different electronegativities?

29. Why do nonpolar substances boil at relatively low temperatures?

30. Which has a greater degree of symmetry: a polar molecule or a nonpolar molecule?

31. Why don’t oil and water mix?
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Quantitative Questions 
32. Ores of manganese, Mn, sometimes contain the mineral rhodochrosite, MnCO3, which is an ionic 
compound of manganese ions and carbonate ions. How many electrons has each manganese atom 
lost to make this compound?

33. What is the electric charge on the calcium ion in calcium chloride, CaCl2?

34. Magnesium ions carry a 2+ charge, and chloride ions carry a 1- charge. What is the chemical for-
mula for the ionic compound magnesium chloride?

35. Barium ions carry a 2+ charge, and nitrogen ions carry a 3- charge. What would be the chemical 
formula for the ionic compound barium nitride?

36. Rank the following bonds in order of increasing polarity: 
  
 a) C—H b) O—H c) N—H 
 
 
37. Rank the following compounds in order of increasing boiling point: 
 
 a) Fluorine, F2 b) Hydrogen fluoride, HF c) Hydrogen chloride, HCl
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38. Rank the following in order of increasing symmetry: 
 
 a) CH4 b) NH3 c) H2O

39. Rank the following in order of increasing boiling point: 
 
 a) CH4 b) NH3 c) H2O

Challenging Questions 
6.1 Electron-Dot Structures 
40. How do the electron-dot structures of elements in the same group in the periodic table compare 
with one another?

41. How many more electrons can fit within the valence shell of a fluorine atom?

42. How many more electrons can fit within the valence shell of a hydrogen atom?

43. How is the number of unpaired valence electrons in an atom related to the number of bonds that 
the atom can form?
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6.2 Ion Formation 
44. The valence electron of a sodium atom does not sense the full 11+ of the sodium nucleus. Why 
not?

45. Why is it so easy for a magnesium atom to lose two electrons?

46. Why doesn’t the neon atom tend to lose nor gain any electrons?

47. Why does an atom with few valence electrons tend to lose these electrons rather than gain more?

48. Why does an atom with many valence electrons tend to gain electrons rather than lose any?

49. Sulfuric acid, H2SO4, loses two protons to form what polyatomic ion? What molecule loses a proton 
to form the hydroxide ion, OH-?
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50. Which should be larger, the potassium ion, K+ or the potassium atom, K? Which should be larger, 
the potassium ion, K+, or the argon atom, Ar? Please explain.

51. How many lone pairs of electrons are there in the hydronium ion?

52. When a molecule, such as water, gains a proton, it forms a polyatomic ion. How is this different 
from when an atomic nucleus gains a proton?

6.3 Ionic Bonds 
53. Which should be more difficult to pull apart: a sodium ion from a chloride ion or a potassium ion 
from a chloride ion? Please explain.

54. Which are closer together: the two nuclei within potassium fluoride, KF, or the two nuclei within 
molecular fluorine, F2? Please explain.
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55 Two fluorine atoms join together to form a covalent bond. Why don’t two potassium atoms do the 
same thing?

56. How many electrons has the calcium atom lost in the formation of calcium sulfate, CaSO4?

6.4 Metallic Bonds 
57. Given that the total number of atoms on our planet remains fairly constant, how is it ever possible 
to deplete a natural resource such as a metal?

58. An artist wants to create a metal sculpture using a mold so that his artwork can be readily mass 
produced. He wants his sculpture to be exactly 6 inches tall. Should the mold also be 6 inches tall? 
Why or why  not?

59. From a chemistry view point, what is so significant about the first time humans began to use met-
als for tools, such as ploughs and swords?  
 
 
 
 
 
6.5 Covalent Bonds 
60. What happens when hydrogen’s electron gets close to the valence shell of a fluorine atom?
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61. What drives an atom to form a covalent bond: its nuclear charge or the need to have a filled outer 
shell? Please explain.

62. Atoms of nonmetallic elements form covalent bonds, but they can also form ionic bonds. How is 
this possible?

63. Write the electron-dot structure for the covalent compound ethane, C2H6.

64. Write the electron-dot structure for the covalent compound hydrogen cyanide, HCN.

65. Write the electron-dot structure for the covalent compound acetylene, C2H2.

6.6 Molecular Shape 
66. Why is a germanium chloride molecule, GeCl2, bent even though there are only two atoms sur-
rounding the central germanium atom?
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67. Write the electron-dot structure for the covalent compound hydrogen peroxide, H2O2.

 
68. Examine the three-dimensional geometries of PF5 and SF4 shown below. Which do you think is the 
more polar compound?

 

69. The molecular geometry of water is tetrahedral, but its molecular shape is bent. Is this  
contradictory? Why or why not?

6.7 Polar Covalent Bonds 
70. What is the source of an atom’s electronegativity?

71. In each of the molecules shown below, which atom carries the greater positive charge:
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72. Which is more polar, a sulfur-bromine (S-Br) bond or a selenium-chlorine (Se-Cl) bond?

73. True or False: The greater the nuclear charge of an atom, the greater is electronegativity? Please 
explain.

74. True or False: The more shells in an atom, the lower its electronegativity. Please explain.

 
6.8 Molecular Polarity 
75. Water, H2O, and methane, CH4, have about the same mass and differ by only one type of atom. 
Why is the boiling point of water so much higher than that of methane?

76. Circle the molecule from each pair that should have a higher boiling point: (atomic numbers: Cl = 
17; O = 8; C = 6; H =1)
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77. Why is ammonia, NH3, more polar than is borane, BH3?

78. Three kids sitting equally apart around a table are sharing jelly beans. One of the kids, however, 
tends to take jelly beans and only rarely gives one away. If each jelly bean represents an electron, who 
ends up being slightly negative? Who ends up being slightly positive? Is the negative kid just as neg-
ative as one of the positive kids is positive? Would you describe this as a polar or nonpolar situation? 
How about if all three kids were equally greedy?

79. Which is stronger: the covalent bond that holds atoms together within a molecule or the electrical 
attraction between two neighboring molecules? Please explain.

Discussion Questions 
80. This chapter goes into a fair amount of detail explaining WHY oil and water don’t mix and WHY 
water has a high boiling point. The reason why, of course, can be traced all the way back to the pres-
ence of two lone pairs of electrons on the oxygen atom of each water molecule. What value is there in 
understanding these sorts of details?

81. Would you be in favor of a space program aimed at obtaining useful metals from asteroids? Why 
or why not? If this endeavor were to happen, would you rather it be sponsored by a state government 
or private industry?
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82. What should be done with the mining pits after all the ore as been removed? Consider the open-
pit copper mine of Figure 6.14.

83. What are some of the obstacles people face when trying to recycle materials? How might these 
obstacles be overcome in your community? Should the government require that certain materials be 
recycled? If so, how should this requirement be enforced?

Solutions to Odd Numbered Review Questions 
 
Basic Questions  
6.1 Electron-Dot Structures
1. Two electrons fit into the first shell. Eight electrons fit into the second shell.

3. Electron dot structures of elements in the same group have the same number of valence electrons.

6.2 Ion Formation 
5. An ion has a charge and an atom does not.

7. Fluorine only has room for one more electron in its outermost shell.

9. A polyatomic ion is a molecule that carries a charge. A polyatomic ion is formed when ever the mol-
ecule loses or gains a hydrogen ion, which is the same thing as a proton.  

6.3 Ionic Bonds 
11. The charge on the O atoms is –2.

Solutions to Chapter 6 Review
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13. Each aluminum loses three electrons while each oxygen gains two electrons.

6.4 Metallic Bonds 
15. An alloy is a mixture composed of two or more metallic elements.

17. High-grade ore on the ocean floor and asteroids.

6.5 Covalent Bonds 
19. Four electrons are shared within a double covalent bond.

21. The negatively charged oxygen within a polyatomic ion forms only one bond and has three lone 
pairs as a consequence.

6.6 Molecular Shape 
23. A substituent is any atom or lone pair of electrons emanating from a central atom.

6.7 Polar Covalent Bonds 
25. A dipole is an uneven distribution of electrons in a bond caused by a difference in electronegativi-
ty between two atoms.

27. A carbon-oxygen bond is more polar.

6.8 Molecular Polarity 
29. The molecules of a nonpolar substance tends to have weak attractions to themselves, which caus-
es a low boiling point.

31. Oil and water do not mix because water molecules are more attracted to themselves than to oil 
molecules.

Quantitative Questions 
33.  The electronic charge on Ca is +2 in CaCl2.

35. Ba3N2 A shortcut way of solving these sorts of problems is to take the charge of one ion and make 
it the subscript of the opposite ion. For example, take the 2+ charge of the barium and make it the 
subscript on the nitrogen. Then take the 3- charge on the nitrogen and make that the subscript of the 
barium: Ba3N2.

37. Fluorine, F2 (-188°C)  <   Hydrogen chloride, HCl (-85°C)  <  Hydrogen fluoride, HF (+19°C)

Explanation: The fluorine is a nonpolar compound and so should have the lowest boiling point—the 
attraction between fluorine molecules is so weak. The fluorine has a greater electronegativity than 
the chlorine, which means that the H—F bond should be more polar than the H—Cl bond. That HF is 
the most polar suggests that it should also have the highest boiling point.

39. a  <  b  <  c

Challenging Questions

6.1 Electron-Dot Structures 
41. There is room for only one additional electron within the valence shell of a fluorine atom.

43. The number of unpaired valence electrons in an atom is the same as the number of bonds that the 
atom can form.
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6.2 Ion Formation 
45. Magnesium has only two electrons in its valence shell and these two electrons are well shielded 
from the nuclear charge by inner shells of electrons.

47. Atoms with few valence electrons, such as sodium, Na, tend to have relatively weak forces of at-
traction between the valence electrons and the nucleus. Because these valence electrons are not held 
so tightly, they are easily lost. Similarly, new electrons can’t be added because the force of attraction 
to the nucleus is relatively weak.

49. Sulfuric acid loses two protons to form the sulfate ion, SO4
2-. A water molecule loses a single pro-

ton to form the hydroxide ion, OH-.

51. There is one lone pair and it is found on the oxygen atom. Look to Figure 6.3 and you will see that 
oxygen usually has two lone pairs. For the hydronum ion, however, a proton has landed on one of 
these lone pairs thus forming a third chemical bond. We’ll be discussing this process in much more 
detail in Chapter 10 when we explore acids and bases.

6.3 Ionic Bonds

53. The electrical force of attraction weakens with increasing distance. For this reason, the force of 
attraction between a smaller sodium ion and chloride ion is stronger than the force of attraction be-
tween a larger potassium ion and chloride ion. This explains, in part, why potassium chloride crystals 
are weaker (softer) than sodium chloride crystals.

55. The valence electrons of a potassium atom are weakly held by the nucleus. The potassium atom 
has a hard enough time holding onto its one valence electron, let alone a second one, which is what 
would happen if the potassium joined in a covalent bond.

6.4 Metallic Bonds

57. The problem is not whether we have the metal atoms on this planet—we do! The problem is in the 
expense of collecting those metal atoms. This expense would be too great if the metal atoms were 
evenly distributed around the planet. We are fortunate that there are geological formations where 
metal ores have been concentrated by natural processes. Bare in mind that they are only the metal at-
oms that we produce ourselves that we are able to recycle. If we don’t recycle these metal atoms, then 
down the road we’ll find substantial shortages of new metal ores from which to feed our ever-grow-
ing appetite for metal-based consumer goods and building materials.

59. The metals weren’t simply lying around. The humans had to create these metals from ores, which 
required some ingenuity, technical design, and application of chemistry. For a deeper discussion on 
how metals are made from ores, look ahead to Chapter 11.
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6.5 Covalent Bonds

61. The force that causes any chemical bond to form is always electrical. Thus, it is an atoms nuclear 
charge that drives it to form a covalent bond. Be careful not ever to say that the atom “needs to have 
a filled outer shell”. First of all, atoms are not living creatures and they don’t “need” anything. Rather, 
there is a fundamental force that causes an attraction between oppositely charged particles such as 
electrons and the protons of the atomic nucleus. Strictly speaking, it is the electron’s attraction to the 
nuclear charge that brings it to and holds it to an atom. When that electron is also held by another 
nucleus, the resulting dynamic is called a covalent bond.  

63. The electron-dot structure for ethane, C2H6, is:

65. The electron-dot structure for ethane, C2H2, is:

6.6 Molecular Shape 
67. The electron-dot structure for hydrogen peroxide, H2O2 is:

69. Molecular geometry includes both atoms and lone pair electrons as substituents. Molecular shape 
focuses only on atom substituents. Water’s geometry is tetrahedral because it has four substituents, 
which include two hydrogen atoms and two lone pairs. Water’s shape is bent because the two hydro-
gen atoms are angled together due to the repulsive forces of the two lone pairs of electrons. 

6.7 Polar Covalent Bonds 
71. The atoms found closer to the lower left-hand corner of the periodic table are those that will bare 
the positive charge: a) hydrogen  b) bromine  c) carbon  d) neither! 

73. Sometimes true and sometimes false! Within any one period of the periodic table, it is true that 
electronegativity increases with increasing nuclear charge. The nuclear charge of a fourth period po-
tassium atom, however, is much greater than the nuclear charge of a second period fluorine atom, but 
its electronegativity is much less.
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6.8 Molecular Polarity 
75. Water is a polar molecule because in its structure the dipoles do not cancel.  Polar molecules tend 
to stick to one another, which gives rise to relatively high boiling points.  Methane, on the other hand, 
is nonpolar because of its symmetrical structure, which results in no net dipole and a relatively low 
boiling point.  The boiling points of water and methane are less a consequence the masses of their 
molecules and more a consequence of the attractions that occur among their molecules. 

77. Borane, BH3, has three substituents which are the hydrogen atoms. These substituents are dis-
tributed evenly around the boron atom within a single plane, as is shown in Table 6.1. The resulting 
symmetry gives rise to a nonpolarity. Ammonia, NH3, however, has four substituents: three hydrogen 
atoms plus one lone pair of electrons. The lone pair in ammonia causes the three hydrogens to bend 
downwards so that the four substituents form a tetrahedral geometry. The shape of the ammonia 
molecule, which excludes the lone pair, is like that of a pyramid as shown in Table 6.1. This shape 
makes it so that they hydrogens are not exactly opposite one another, which means that there is 
some resultant polarity.

79.The covalent bonds within a molecule is many times stronger than the attractions occurring be-
tween neighboring molecules. We know this because, while two molecules can move away from each 
other (as occurs in the liquid or gaseous phase) the atoms within a molecule remain stuck together as 
a single unit. To pull the atoms apart requires some form of chemical change. 

Discussion Questions

81. Asteroids are rich in metals, perhaps rich enough for governments or industries to seek bringing 
some back to Earth. Aside from the technical hurdles there would be significant safety concerns. 
There would also be societal questions. For example, how would this new resource be shared, espe-
cially when tax dollars may have been used and the entire planet was put to risk at obtaining this 
metal. Perhaps the asteroid could be crashed onto the Moon and used as starting material for build-
ing a Moon base. 

83. People face  many obstacles to recycling. There’s confusion about what can and can’t be recycled. 
There’s concern about how clean a container must be before it can be recycled. Some don’t know 
or understand the value of recycling. For others, they may face a certain degree of laziness. To help 
overcome obstacles such as these there can be campaigns to educate the general public. An easy 
to read pamphet describing the Do’s and Don’ts about recycling can be most effective. These are 
typically sponsored by local governments in unison with local recyling companies. State and federal 
governments can also play a role in educating the general public and also in setting the packaging 
standards for companies who use recyclable material to package their goods. Refunds for empty 
containers are offered in many states. Some communities even charge fines against individuals 
who do not sort plastics correctly. Other communities ask their citizens not to sort at all under the 
philosophy that the task of sorting inhibits people’s tendency to recycle. Ultimately, this is a global 
issue such that peoples of all nations should be encouraged not to waste material resources.


