Chapter 14

Covalent Bonds

Answers to End of Chapter Questions and Problems

10. Helium already has a stable electron configuration.  Hydrogen atoms achieve stability by sharing an electron with another hydrogen atom.

11.  a.  H:O:H  - 1 pair electrons also above and below oxygen

b. H:O:O:H – 1 pair electrons also above and below both oxygens

c. see teacher

d. see teacher

12.  a.  ionic 
b.  covalent
c.  ionic
d.  covalent
e.  ionic
f.  covalent

13. a.  A pair of electrons is shared between two atoms; hydrogen molecule.  b.  A pair of valence electrons belongs to one atom only; the non-bonding electrons of fluorine.  

14. Chemical bonds form when atoms attain a stable electron configuration of low energy.  Ionic bonds depend on electrostatic attractions between ions.  Covalent bonds depend on electrostatic attractions between shared electrons and protons of the combining atoms.

15. A double-covalent bond has four shared electrons; a triple covalent bond has six.

16. see teacher

17. see teacher

18. one atom provides both bonding electrons.

19. An unshared pair of electrons is needed.  There are no unshared pairs in C-H or C-C bonds.

20. see teacher

21. see teacher

22. see teacher

23. a.  diamagnetic
b.  paramagnetic
c.  paramagnetic
d.  diamagnetic

24. NO is paramagnetic because it has an unpaired electron.

25. a.  diamagnetic
b.  diamagnetic
c.  paramagnetic
d.  diamagnetic

26. They are larger atoms than nitrogen and oxygen and have d orbital electrons

27. see teacher

28. see teacher – the molecule has two electrons in a bonding molecular orbital.  It theoretically should exist as a diatomic molecule.  The Li2 molecule is actually moderately stable in the gas phase.

29. a.  2 sigma, 2 pi
b.  4 sigma
c.  6 sigma, 2 pi
d.  6 sigma, 2 pi

30. a.  The four valence-electron pairs repel each other to the corners of a tetrahedron in which they are equidistant.  The angle between bonds is 109.5(.  b.  The four valence-electron pairs repel each other but the unshared pair is closer to the nitrogen than are the bonding pairs.  The unshared pair repels bonded pairs more strongly.  As a result, the angle between bonds is 107(.  c.  The four valence electron-pairs repel each other, but the two unshared pairs are closer to the oxygen than are the bonding pairs.  The unshared pairs repel bonded pairs more strongly.  Therefore, the angle between bonded pairs is 105(.

31. The four valence-electron pairs repel each other but the one shared with chlorine is closer to the chlorine.  The repulsion is weaker.  Consequently, the bond angles between carbon and hydrogen are slightly more than 109.5(.

32. a.  linear
b.  tetrahedral
c.  triangular planar
d.  bent 
e.  linear
f.  bent

33. The shape is triangular planar.

34. The 2s and two 2p orbitals form three sp2 hybrid orbitals in the carbon and two oxygens.  One sp2 hybrid orbital from each atom forms a sigma bond between each oxygen and the carbon are formed by the unhybridized 2p orbitals.

35. The 2s and the three 2p orbitals form four sp3 hybrid orbitals.  Three of these form sigma bonds to the hydrogens and one is the unshared pair.  The shape is pyramidal.

36. a.  sp
b.  sp3
c.  sp2 
d.  sp

37. a.  ionic
b.  polar covalent
c.  ionic
d.  polar covalent
e.  polar covalent
f.  polar covalent


38. c,d,a,f,b,e

39. b,d,e,a,c,f

40. see teacher

41. a.  polar
b.  polar
c.  nonpolar
d.  nonpolar

42. The energy needed to break a single bond

43. Nitrogen and oxygen have more protons than carbon.  The electrons are held closer to each nucleus, reducing the overlap between orbitals and decreasing bond strength.

44. 393 kJ
+ 908 kJ
+ 393 kJ
= 1694 kJ/mol

45. Dispersions forces are caused by the motion of electrons.  Atoms with more electrons have larger attractions between them.  Dipole interactions electrostatically attract polar molecules to each other.

46. A hydrogen atom covalently bonded to fluorine, oxygen, or nitrogen atom is electrostatically attracted to an unshared pair of a nearby atom.

47. a.  H2O
b.  HF
c.  HCl

d.  H2O

48. They require more energy to separate the molecules

49. Atoms are covalently bonded to each other; diamond and silicon carbide

Mastery Questions and Problems

50. The 3s and the three 3p orbitals of P hybradize to form four sp3 hybrid orbitals.  The resulting shape is pyramidal with a bond angle of 107( between the sigma bonds.

51. It is diamagnetic and linear.

52. see teacher

53. a.  carbon does not have an octet

b. a fluorine atom has 10 electrons

c. carbon and oxygen do not have octets

d. boron does not follow the octet rule (there are too many electrons)

54. a. Sigma bonds have an overlap of the orbitals between two nuclei.  Pi bonds involve an overlap of unhybridized p orbitals.  b.  Polar bonds have a difference in electronegativity of the atoms in a covalent bond.  Polar molecules have a dipole caused by bond polarity that is not canceled by any symmetry in the molecule.  c.  Diamagnetic molecules are weakly repelled by a magnetic field and have only paired electrons in their orbitals.  Paramagnetic molecules are attracted by a magnetic field and have unpaired electrons in their orbitals.  d.  The sp2 hybrid orbitals are formed from one s and 2 p orbitals, have a bond angle of 120(, and ave a triangular shape.  The sp3 hybrid orbitals are formed from one s and 3 p orbitals, have a bond angle of about 109(, and have a tetrahedral shape.

55. (H = -55 kJ/mol

56. a.  tetrahedral, 109.5(
b.  triangular, 120(
c.  tetrahedral, 109.5(
d.  bent, 105(
57. a.  109.5(

b.  120(
c.  180(
58. An antibonding orbital has a higher energy because the atomic orbitals overlap on opposite sides of the nuclei, not between them.

Review Questions and Problems

59. a,b,c,d.

60. 0.10 mol BaSO4, 23 g BaSO4
61. a.  1s22s22p63s1
b. 1s22s22p63s23p4
c. 1s22s22p63s23p3
d. 1s22s22p3
62. a.  136.2 g/mol
b.  98.1 g/mol

c. 394.7 g/mol

d.  162.3 g/mol

63. a.  1.20 x 1022
b.  9.27 x 1020

c.  5.26 x 1015

d.  1.81 x 1018
64. a.  manganese , Mn
b.  indium, In

c.  francium, Fr
d.  polonium, Po

Challenging Questions and Problems

65. See teacher

66. See teacher

