Chapter 15

Water and Aqueous Systems

Answers to End of Chapter Questions and Problems

4. Oxygen is more electronegative than hydrogen.  Because of the bent shape, the bond polarities do not cancel

5. High surface tension, low vapor pressure, high specific heat, high heat of vaporization, high boiling point, high melting point.

6. A hydrogen atom covalently bonded to a highly electronegative atom is electrostatically attracted to an unshared electron pair of a nearby atom.

7. It is the inward pulling force which minimizes the surface area of a liquid.  Surface molecules are attracted to the other liquid molecules on one side but not to the air.  Molecules inside the liquid are attracted in all directions.

8. Drops are spherical; objects denser than water float.

9. Water molecules are hydrogen-bonded to each other, but not to air molecules.  The net attraction is inward, minimizing the water surface.

10. It physically interferes with hydrogen bonding and reduces surface tension.

11. The pressure of the vapor above a liquid; hydrogen bonding prevents escape of water molecules.

12. water, 2.0 x 104 cal; iron, 2.2 x 103 cal

13. 1.3 x 104 cal

14. Hydrogen bonds hold water molecules together, making it harder for them to escape.

15. Ice has an open, honeycomb-like structure of hydrogen bonded water molecules.  Water has a less rigid structure in which water molecules are closer together.  The density of ice is less than that of water because of ice’s lattice structure.  As a result, ice floats on water.

16. Bodies of water would freeze from the bottom up.  This would kill many forms of aquatic life.

17. a.  15.9 kJ
b.  3.81 kcal

18. The polar water molecules electrostatically attract and repel ions and polar covalent molecules.  Polar compounds will dissolve but nonpolar compounds are unaffected because they have no charges.

19. Solutions are homogeneous mixtures in which a solute is dissolved in a solvent.  Aqueous solutions have water as a solvent.

20. a.  whipped cream or beaten egg whites
b.  alcohol in water
c.  salt or sugar in water
d.  oxygen in nitrogen in the air.

21. No.  The molecules are smaller than the pores of the filter.

22. Polar solvents dissolve polar compounds, and nonpolar solvents dissolve nonpolar compounds.  Like  refers to the relative polarity of the substances

23. The positive ions are attracted by the negatively charged end of the polar water molecule; the negative ions are attracted by the positively charged end.  As the ions are pulled away from the crystal, they are surrounded by the water molecules.

24. a.  no; nonpolar
b.  yes; ionic
c.  no; nonpolar
d.  yes; ionic
e.  yes polar covalent
f.  no; ionic

25. Water in the crystal structure of a substance

26. a.  tin (IV) chloride pentahydrate


b.  iron (II) sulfate heptahydrate


c.  aluminum chloride hexahydrate

d.  barium bromide tetrahydrate


e.  iron (III) phosphate tetrahydrate

27. CaCl2 + 6 H2O ( CaCl2(6H2O

28. MgSO4(7H2O ( MgSO4(H2O + 6 H2O

29. Electrolytes can conduct an electrical current in aqueous solutions or in the molten state; nonelectrolytes cannot.

30. A strong electrolyte forms solutions that are mostly ions.  A weak electrolyte forms solutions with few ions.

31. Its ions are free to move toward an electrode.

32. An aqueous solution of a strong electrolyte conducts electricity much better.

33. A suspension is a mixture with relatively large particles which slowly settle upon standing.  A colloid is a mixture with particles of intermediate size which do not settle.

34. Particle size

35. The particles are the dispersed phase in a colloidal suspension.  They are in the dispersion medium.

36. The scattering of visible light by the particles in a colloid or suspension.

37. The molecules or ions are too small to have reflective surfaces.

38. The random motion of the dispersion medium molecules

39. The random movement of colloidal particles

40. Emulsions are colloidal dispersions of liquids in liquids.  An emulsifying agent attracts both of the liquids and holds them in suspension.

41. Emulsion

Mastery Questions and Problems

42. Water molecules at 4(C are tightly packed and have maximum density.  Below 4(C the attractions between water molecules arrange them in a regular network.  Molecules are farther apart because of water’s bond angles.  As a result, ice has a lower density than water and floats.

43. Hexane, chloroform, ethanol, water.

44. a.  sodium tetraborate decahydrate, 47.2% H2O

b. sodium carbonate monohydrate, 14.5% H2O

c. magnesium sulfate heptahydrate, 51.5% H2​O

d. calcium sulfate hemihydrate, 6.2% H2O

45.  a.  2.95 x 103 cal
b.  2.95 kcal

46. Ions in solution are surrounded by water molecules.  Negative ions are attracted to the hydrogen atoms and positive ions are attracted to the oxygen atoms.

47.  3.52 x 103 cal, 3.52 kcal
1.47 x 103 J, 14.7 kJ
132.0 g H2O

48. a.  no  b.  tasting, drying to examine crystals, testing for electrical conductivity, doing a flame test.

49.  a.  water
b.  gasoline
c.  water
d.  gasoline
e.  water
f.  neither

50.  a.  1,2
b.  2,3
c.  1
d.  3
e.  2,3
f.  1,2
g.  2
h.  1
i.  2

51. a.  Water expands when it turns to ice.  b.  Water is polar and wax is nonpolar, and water has a high surface tension.  c.  Sweat evaporate from skin to carry away the heat of vaporization.  d.  Freezing damages plants because water expands when frozen.  Water on the surface of plants gives off the heat of fusion to the plants when it freezes.  e. Steam carries the heat of vaporization.

52. Ethyl alcohol has a polar hydroxyl end (-OH) that dissolves in water, and a nonpolar hydrocarbon end (C2H5-) that dissolves in gasoline.

53. 4.5 x 107 kcal, 1.7 x108 kJ

54. Nonpolar molecules do not dissolve in polar molecules

55. a.  NH4Cl ( NH4+ + Cl-


b. Cu(NO3)2 ( Cu2+ + 2 NO3-
c. HNO3 ( H+ + NO3-
d. HC2H3O2 ( H+ + C2H3O2-
e. Na2SO4 ( 2 Na+ + SO42-
Review Questions and Problems

56.  a.  195 g
b.  1.95 x 105 mg
c.  0.195 kg

57.  1.27 atm

58.  a.  raises the boiling point
b.  lowers the boiling point

59. 3.60 x 10-2 g H2O, 2.24 x 10-2 L O2
60. 9.00 g H2, 72.0 g O2
61. 25.7 g H2O

62. 636 g C2H4O

63. 0.300 mol O2, 6.72 L O2
64. a.  6 CO2 + 6 H2O ( C6H12O6 + 6O2
b. 2 na + 2 H2O ( 2 Na+ + 2 OH- + H2
c. 2 C6H6 + 15O2 ( 12 CO2 + 6 H2O

d. 2 NaHCO3 ( Na2CO3 + H2O + CO2
65. 1.5 x 1020 molecules

66. a.  H​2O, HBr, and HCl have decreasing boiling points.  Even though H2O has low molecular mass, it has hydrogen bonding.  The molecular attractions in HBr and HCl are similar, but HBr has greater molecular mass and increased dispersion forces.  b.  H2O, NH3 and CH4 have decreasing boiling points. The molecular masses are similar.  Hydrogen bonding is greater in H2O than in NH3, and CH4 has no hydrogen bonding.

67. 5.74 atm

68. a.  11.1% H 88.9% O
b.  5.9 % H, 94.1 % S

c.  2.5 % H, 97.5 % Se


d.  1.5 % H, 98.5 % Te

69. 4.9 x 107 mg H2O, 49 kg H2O

70. 1s22s22p6; neon

71. see teacher

Challenging Questions and Problems

72. The gfm of water is 18.0 g.  The gfm of deuterium oxide is 20.0 g.  Deuterium oxides boils and freezes at a higher temperature and is denser.  Deuterium oxide can be used to replace hydrogen with deuterium in compounds, and as a moderator for nuclear ractors.

73. a.  The volume of 1 g ice at 0( is greater.  b.  The volume of 1 g water at 100(C is less.

74. a.  hydrogen
b.  4.9 x 10-2 g H2O
c.  oxygen
d.  10 cm3O2
75. Volume of ice above H2O (0(C) = 3.2 x 108 cm3 Mass of ice above H2O (0(C) = 2.9 x 105 kg The answers are the same at 4(C

76. The water molecules fit into the spaces between the ethyl alcohol molecules and the total volume is reduced.  In some mixtures, electrostatic repulsions keep the different molecules further apart and increase the volume.

77. Ice freezes first at the top surface.  The heavier sodium and chloride ions fall below the surface.  Also, the formation of ice crystals is hindered by the ions.

