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Chapter 12 Chemical Bonding 

1. A chemical bond represents a force that holds groups of two or more atoms together and 
makes them function as a unit. 

2. An ionic compound results when a metallic element reacts with a nonmetallic element.  
An example is the reaction of the metal sodium with the nonmetal chlorine: 

2Na(s) + Cl2(g)  2Na+Cl–(s)

3. Ionic bonding results from the complete transfer of an electron from one atom to another, 
whereas covalent bonding exists when two atoms share pairs of electrons. 

4. The H2 molecule contains two atoms of the same element. When two hydrogen atoms are 
brought close together, each hydrogen atom contributes its electron to the formation of a 
covalent bond, with the resulting pair of electrons shared equally by the two hydrogen 
atoms. An H2 molecule is more stable than two separated hydrogen atoms. The pair of 
electrons is simultaneously attracted by the two nuclei. 

5. The HF molecule contains atoms of two different elements. In bonding with each other, 
these atoms share a pair of valence electrons, but they do not share them equally. The 
bonding in HF is described as polar covalent, which indicates that although valence 
electron pairs are shared between atoms, the electron pair is attracted more strongly by 
one of the atoms than the other. Nonetheless, an HF molecule is more stable in energy 
than are separated H and F atoms. 

6. Electronegativity is the ability of an atom to attract a shared pair of electrons toward itself 
in forming a chemical bond. If we postulate a bond forming between two atoms, the 
relative electronegativities of the atoms will tell us what type of chemical bond is likely 
to be formed. 

7. A polar covalent bond results when one atom of the bond attracts electrons more strongly 
toward itself than does the second atom of the bond. A polar covalent bond results when 
the atoms forming the covalent bond have different electronegativities. The fact that the 
bonds in a molecule are polar does not necessarily mean that the overall molecule itself 
will be polar: the overall polarity of the molecule also depends on the geometry of the 
molecule. 

8. In each case, the element higher up within a given group of the periodic table, or to the 
right within a period, has the higher electronegativity. 

a.  K< Ca < Sc   

b.  At < Br < F   

c.  C < N < O 

9. Generally, covalent bonds between atoms of different elements are polar.

 a.  covalent   

b.  polar covalent   
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c.  polar covalent   

d.  ionic 

10. For a bond to be polar covalent, the atoms involved in the bond must have different 
electronegativities (must be of different elements). 

a. nonpolar covalent (atoms of the same element)  

b. nonpolar covalent (atoms of the same element)  

c. nonpolar covalent (atoms of the same element)  

d. polar covalent (atoms of different elements) 

11. The degree of polarity of a polar covalent bond is indicated by the magnitude of the 
difference in electronegativities of the elements involved: the larger the difference in 
electronegativity, the more polar is the bond. Electronegativity differences are given in 
parentheses below:  

a. H–O (1.4); H–N (0.9); the H–O bond is more polar.  

b. H–N (0.9); H–F (1.9); the H–F bond is more polar.  

c. H–O (1.4); H–F (1.9); the H–F bond is more polar.  

d. H–O (1.4); H–Cl (0.9); the H–O bond is more polar. 

12. The greater the electronegativity difference between two atoms, the more ionic will be 
the bond between those two atoms. Electronegativity differences are given in 
parentheses. 

a.  Na–O (2.6) has more ionic character than Na–N (2.1)  

b. K–S (1.7) has more ionic character than K–P (1.3)  

c. K–Cl (2.2) has more ionic character than Na–Cl (2.1)  

d. Na–Cl (2.1) has more ionic character than Mg–Cl (1.8) 

13. A dipole moment is an electrical effect that occurs in a molecule that has separate centers 
of positive and negative charge. The simplest examples of molecules with dipole 
moments would be diatomic molecules involving two different elements. For example:  
+ C O –     + N O –    + Cl F –    + Br Cl –

14. The presence of strong bond dipoles and a large overall dipole moment in water make it a 
very polar substance overall. Among those properties of water that are dependent on its 
dipole moment are its freezing point, melting point, vapor pressure, and its ability to 
dissolve many substances. 

15. In a diatomic molecule containing two different elements, the more electronegative atom 
will be the negative end of the molecule, and the less electronegative atom will be the 
positive end. 

a. H    

b. Cl    

c. I 
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16. In the following figures, the arrow points toward the more electronegative atom. 

 a. + P F –

 b. + P O –

 c. + P C –

 d. P and H have similar electronegativities. 

17. In the figures, the arrow points toward the more electronegative atom. 

 a. + P S –

 b. + S O –

 c. + S N –

 d. + S Cl –

18. gaining 

19. Atoms in covalent molecules gain a configuration like that of a noble gas by sharing one 
or more pairs of electrons between atoms: such shared pairs of electrons “belong” to each 
of the atoms of the bond at the same time. In ionic bonding, one atom completely gives 
over one or more electrons to another atom, and then the resulting ions behave 
independently of one another. 

20. a. Li  1s2 2s1    

Li+ 1s2        

He has the same configuration as Li+

b. Br 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p5    

Br– 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6

Kr has the same configuration as Br–

c. Cs 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6 6s1   

Cs+ 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6

Xe has the same configuration as Cs+

d. S 1s2 2s2 2p6 3s2 3p4

S2– 1s2 2s2 2p6 3s2 3p6

Ar has the same configuration as S2–

e. Mg 1s2 2s2 2p6 3s2      

Mg2+ 1s2 2s2 2p6      

Ne has the same configuration as Mg2+
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21. a.  Ca2+  (Ca has two electrons more than the noble gas Ar)  

b.  N3–  (N has three electrons fewer than the noble gas Ne)  

c.  Br–  (Br has one electron fewer than the noble gas Kr)  

d.  Mg2+  (Mg has two electrons more than the noble gas Ne) 

22. a. Na2S Na has one electron more than a noble gas; S has two electrons 
fewer than a noble gas. 

 b.  BaSe  Ba has two electrons more than a noble gas; Se has two electrons 
fewer than a noble gas. 

 c. MgBr2   Mg has two electrons more than a noble gas; Br has one electron 
less than a noble gas.  

 d.  Li3N  Li has one electron more than a noble gas; N has three electrons 
fewer than a noble gas. 

 e.  KH K has one electron more than a noble gas; H has one electron 
less than a noble gas. 

23. a.  Al3+, [Ne]; S2–, [Ar]  

b.  Mg2+, [Ne]; N3–, [Ne]  

c. Rb+, [Kr]; O2–, [Ne]  

d.  Cs+, [Xe]; I–, [Xe] 

24. The formula of an ionic compound represents only the smallest whole number ratio of the 
positive and negative ions present (the empirical formula). 

25. An ionic solid such as NaCl basically consists of an array of alternating positively and 
negatively charged ions: that is, each positive ion has as its nearest neighbors a group of 
negative ions, and each negative ion has a group of positive ions surrounding it. In most 
ionic solids, the ions are packed as tightly as possible. 

26. Positive ions are always smaller than the atoms from which they are formed, because in 
forming the ion, the valence electron shell (or part of it) is “removed” from the atom. 

27. In forming an anion, an atom gains additional electrons in its outermost (valence) shell. 
Having additional electrons in the valence shell increases the repulsive forces between 
electrons, and the outermost shell becomes larger to accommodate this.  

28. Within a given horizontal row of the periodic chart, negative ions tend to be larger than 
positive ions because the negative ions contain a larger number of electrons in the 
valence shell. Within a vertical group of the periodic table, ionic size increases from top 
to bottom. In general, positive ions are smaller than the atoms they come from, whereas 
negative ions are larger than the atoms they come from. 

a.  F–   

b.  Cl–   
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c.  Ca   

d.  I–

29. Within a given horizontal row of the periodic chart, negative ions tend to be larger than 
positive ions because the negative ions contain a larger number of electrons in the 
valence shell. Within a vertical group of the periodic table, ionic size increases from top 
to bottom. In general, positive ions are smaller than the atoms they come from, whereas 
negative ions are larger than the atoms they come from. 

 a.  I–    

b.  Cl–   

c.  Cl–    

d.  S2–

30. Valence electrons are those found in the outermost principal energy level of the atom. 
The valence electrons effectively represent the outside edge of the atom, and are the 
electrons most influenced by the electrons of another atom. 

31. When atoms form covalent bonds, they try to attain a valence electron configuration 
similar to that of the following noble gas element. When the elements in the first few 
horizontal rows of the periodic table form covalent bonds, they will attempt to gain 
configurations similar to the noble gases helium (2 valence electrons, duet rule) and neon 
and argon (8 valence electrons, octet rule). 

32. When two atoms in a molecule are connected by a double bond, we are indicating that the 
atoms share two pairs of electrons (4 electrons) in completing their outermost shells. A 
simple molecule containing a double bond is ethene (ethylene),  
C2H4      H2C::CH2

33. a. C provides 4; each Br provides 7; total valence electrons = 32  

b. N provides 5; each O provides 6; total valence electrons = 17  

c. each C provides 4; each H provides 1; total valence electrons = 30  

d. each O provides 6; each H provides 1; total valence electrons = 14 

34. a. NH3  N provides 5 valence electrons.      
    Each H provides 1 valence electron.     
    Total valence electrons = 8  

H N H

H
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b. CI4  C provides 4 valence electrons.     
   Each I provides 7 valence electrons.    
   Total valence electrons = 32 

I

C

I

II

c. NCl3  N provides 5 valence electrons.     
   Each Cl provides 7 valence electrons.    
   Total valence electrons = 26  

Cl N Cl

Cl

d. SiBr4  Si provides 4 valence electrons.     
   Each Br provides 7 valence electrons.    
   Total valence electrons = 32 

Br

Si

Br

BrBr

35. a. H2S  Each H provides 1 valence electron.    
   S provides 6 valence electrons.     

Total valence electrons = 8 

H S H

b. SiF4  Si provides 4 valence electrons.     
   Each F provides 7 valence electrons.   

 Total valence electrons = 32 

F

Si

F

FF
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c. C2H4  Each C provides 4 valence electrons.   
 Each H provides 1 valence electron.   
 Total valence electrons = 12 

C C

H H

H H

d. C3H8  Each C provides 4 valence electrons.   
 Each H provides 1 valence electron.   
 Total valence electrons = 20 

C H

H

H

CH

H

H

C

H

H

36. a. Cl2O  Each Cl provides 7 valence electrons.    
   O provides 6 valence electrons.     
   Total valence electrons = 20 

Cl O Cl

b. CO2  C provides 4 valence electrons.     
   Each O provides 6 valence electrons.    
   Total valence electrons = 16 

O C O O C O OCO

c. SO3  S provides 3 valence electrons.     
Each O provides 3 valence electrons.   

 Total valence electrons = 24 

O

S
OO

O

S
OO

O

S
O O
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37. a. SO4
2–  S provides 6 valence electrons.     

Each O provides 6 valence electrons.   
 The 2– charge means two additional valence electrons. 
 Total valence electrons = 32 

O

S

O

OO

2

 b. PO4
3–  P provides 5 valence electrons.     

    Each O provides 6 valence electrons.    
    The 3– charge means three additional valence electrons.  
    Total valence electrons = 32 

O

P

O

OO

3

 c. SO3
2–  S provides 6 valence electrons.  

    Each O provides 6 valence electrons.    
    The 2– charge means two additional valence electrons.  
    Total valence electrons = 26 

O S O

O

2

38. a. HPO4
2–  H provides 1 valence electron.     

P provides 5 valence electrons.     
Each O provides 6 valence electrons.   

 The 2– charge means two additional valence electrons. 
 Total valence electrons = 32 

O

P

O

OO

2

H
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 b. H2PO4
–  Each H provides 1 valence electron.    

    P provides 5 valence electrons.     
    Each O provides 6 valence electrons.    
    The 1– charge means one additional valence electron.  
    Total valence electrons = 32 

O

P

O

OO

1

H H

 c. PO4
3–  P provides 5 valence electrons.     

    Each O provides 6 valence electrons.    
    The 3– charge means three additional valence electrons.  
    Total valence electrons = 32 

O

P

O

OO

3

39. The geometric structure of the water molecule is bent (or V-shaped). There are four pairs 
of valence electrons on the oxygen atom of water (two pairs are bonding pairs, two pairs 
are nonbonding lone pairs). The H–O–H bond angle in water is approximately 106°. 

40. The geometric structure of NH3 is that of a trigonal pyramid. The nitrogen atom of NH3 is 
surrounded by four electron pairs (three are bonding, one is a lone pair). The H–N–H 
bond angle is somewhat less than 109.5° (due to the presence of the lone pair). 

41. BF3 is described as having a trigonal planar geometric structure. The boron atom of BF3

is surrounded by only three pairs of valence electrons. The F–B–F bond angle in BF3 is 
120°. 

42. The geometric structure of CH4 is that of a tetrahedron. The carbon atom of CH4 is 
surrounded by four bonding electron pairs. The H–C–H bond angle is the characteristic 
angle of the tetrahedron, 109.5°. 

43. The geometric structure of a molecule plays a very important part in its chemistry. For 
biological molecules, a slight change in the geometric structure of the molecule can 
completely destroy the molecule’s usefulness to a cell, or can cause a destructive change 
in the cell. 
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44. The general molecular structure of a molecule is determined by how many electron pairs

surround the central atom in the molecule, and by which of those electron pairs are used 
for bonding to the other atoms of the molecule. Nonbonding electron pairs on the central 
atom do, however, cause minor changes in the bond angles, compared to the ideal regular 
geometric structure. 

45. One of the valence electron pairs of the ammonia molecule is a lone pair with no 
hydrogen atom attached. This lone pair is part of the nitrogen atom and does not enter the 
description of the molecule’s overall shape (aside from influencing the H–N–H bond 
angles between the remaining valence electron pairs). 

46. In NF3, the nitrogen atom has four pairs of valence electrons, whereas in BF3, there are 
only three pairs of valence electrons around the boron atom. The nonbonding electron 
pair on nitrogen in NF3 pushes the three F atoms out of the plane of the N atom. 

47. If you draw the Lewis structures for these species, you will see that each of the indicated 
atoms is surrounded by four pairs of electrons with a tetrahedral orientation. Although 
the electron pairs are arranged tetrahedrally, realize that the overall geometric shape of 
the molecules may not be tetrahedral, depending on what atoms are bonded to the four 
pairs of electrons on the central atom. 

48. a. tetrahedral (four electron pairs on C, and four atoms attached)  

b. nonlinear, V-shaped (four electron pairs on S, but only two atoms attached) 

c. tetrahedral (four electron pairs on Ge, and four atoms attached) 

49. a. basically tetrahedral around the P atom (the hydrogen atoms are attached to two 
of the oxygen atoms and do not affect greatly the geometric arrangement of the 
oxygen atoms around the phosphorus) 

 b. tetrahedral (4 electron pairs on Cl, and 4 atoms attached)  

c. trigonal pyramidal (4 electron pairs on S, and 3 atoms attached) 

50. a. <109.5°  

b. <109.5°  

c. 109.5°  

d. 109.5°  

51. The CO3
2– ion has a trigonal planar geometry, with bond angles of 120° degrees around 

the carbon atom. The molecule exhibits resonance. 

52. Acetylene is a linear molecule with bond angles of 180°.  

53. Resonance is said to exist when more than one valid Lewis structure can be drawn for a 
molecule. The actual bonding and structure of such molecules is thought to be 
somewhere “in between” the various possible Lewis structures. In such molecules, 
certain electrons are delocalized over more than one bond.  



Chapter 12 

World of Chemistry Copyright  Houghton Mifflin Company. 
  All rights reserved.

128

54. The bond with the larger electronegativity difference will be the more polar bond.  

 a.  S–F   

b.  P–O  

c.  C–H 

55. The bond energy of a chemical bond is the quantity of energy required to break the bond 
and separate the atoms. 

56. In each case, the element higher up within a group of the periodic table has the higher 
electronegativity. 

a. Be  

b. N  

c. F 

57. In a diatomic molecule containing two different elements, the more electronegative atom 
will be the negative end of the molecule, and the less electronegative atom will be the 
positive end. 

a. oxygen  

b. bromine  

c. iodine 

58. a. Na+     e. S2–

b. I–     f. Mg2+   

c. K+     g. Al3+   

d. Ca2+     h. N3–

59. a.  nonlinear (V-shaped)   

b.  trigonal planar   

c.  basically trigonal planar around the C (the H is attached to one of the O atoms, 
and distorts the shape around the carbon only slightly)  

d.  linear 

60. In a covalent bond between two atoms of the same element, the electron pair is shared 
equally and the bond is nonpolar; with a bond between atoms of different elements, the 
electron pair is unequally shared and the bond is polar (assuming the elements have 
different electronegativities). 

61. Ca2+, K+, Ar, Cl–, S2–
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62. All of the molecules can be described as bent. The geometries of the molecules are: O3 is 
trigonal planar; H2O is tetrahedral; SO2 is trigonal planar; OCl2 is tetrahedral. 

S
OO

S
O O

O
OO

O
O O

O
H H

O
Cl Cl

63. a. 
O

F F
O C O

b. CO2 has a linear geometry, and OF2 has a tetrahedral geometry. 

c. CO2 has a linear shape, OF2 has a bent or V-shape. 

d. They do not have the same shapes. This is because CO2 has no lone pairs around 
the carbon atom, and there are two lone pairs of electrons around the oxygen 
atom in OF2.




