Chapter 16

Properties of Solutions

Answers to End of Chapter Questions and Problems

18. The solvent is the substance in which the solute is dissolved.

19. Random collisions of the solvent molecules with the solute molecules or ions provide enough force to overcome gravity

20. Agitation, temperature, solute particle size.

21. Solubility is the amount of solute dissolved in a given amount of solvent to make a saturated solution at a given temperature.  A saturated solution has the maximum amount of solute that can be dissolved in a given amount of solvent at a given temperature.  An unsaturated solution has less dissolved solute than a saturated solution.

22. 555 g AgNO3
23. The solution becomes cloudy as particles of solute crystallize

24. Miscible liquids dissolve in each other, but immiscible liquids do not.

25. Solubility of a gas in a liquid is directly proportional to the pressure of the gas above the liquid at a given temperature.

26. increases the solubility

27. a.  0.016g/L
b.  0.047 g/L

28. 1.0 x 10-2 atm

29. The number of moles of solute dissolved in one liter of solution.

30. a.  1.3 M KCl
b.  0.33 M MgCl2
c.  0.050 M NaCl
d.  0.627 M CuSO4


e.  0.040 M NaHCO3
31. a.  0.50 mol NaCl, 29 g NaCl

b.  1.0 mol KNO3, 1.0 x 102 g KNO3


c.  0.025 mol CaCl2, 2.8 g CaCl2
d.  0.60 mol Na2SO4, 85 g Na2SO4
32. a.  1.3 x 102 mL 
b.  0.80 L
c.  2.5 mL

33. 0.036 M Fe(NO3)3
34. a.  23 g NaCl
b.  2.0 g MgCl2
c.  10 g glucose
d.  0.25 g MgSO4
35. a.  3.3% KCl
b.  1.6 % NaNO3
c.  5.0% K2SO4
36. A solution with a nonvolatile solute has a lower vapor pressure than the pure solvent.  The solute molecules or ions attract water molecules
, making it more difficult for the water molecules to escape the solution.

37. A physical property that depends only on the number of dissolved particles; vapor pressure lowering, boiling point elevation, freezing point depression

38. Nonvolatile solute particles attract molecules of the solvent and make it more difficult for the solvent molecules to escape from solution.

39. a.  100.26
(C
b.  101.56(C

40. Freezing point is lowered by 5.58(C

41. 111.2 g NaCl

42. A 1M solution has 1 mol solute dissolved in 1 L of solution.  A 1 m solution has 1 mol of solute dissolved in 1000g of solvent

43. 327 g of Ba(NO3)2
must be dissolved

44. 0.556 m
45. 4.0 kg H2O

46. XCCl4 = 0.437
XCHCl3 = 0.563

47. XNaCl = 0.101
Mass fractionNaCl = 0.0259

48. Ionic.  A 1.00 molal solution lowers the freezing point 1.86(C if there is only one type of particle in solutio.  An ionic compound dissociates into more than one type of particle; a lower molality can give the same number of particles per 1000 g.

49. a.  –0.56(C
b.  –0.37(C
c.  –0.74(C

50. 4.95(C

51. 169 g/mol

Mastery Questions and Problems

52. Each gram of acetone requires 0.929 g of water

53. 0.0234 L

54. If the KNO3 solution is supersaturated, adding one crystal of KNO3 causes crystallization.  If it is saturated, the crystal does not dissolve.  If it is unsaturated, the crystal dissolves.

55. Freezing point  = -1.86(C
Boiling point = 100.512(C

56. XC2H5OH = 0.20
XH2O = 0.80

57. –0.413(C

58. See teacher

59. a.  44.2 g KCl
b.  5.8 g KCl

60. a.  0.30 mol
b.  0.40 mol
c.  0.50 mol
d.  0.20 mol

61. Mass Solute
Moles solute

Volume solution
Molarity

12.5 g

0.0694


219 mL

0.317

194 g

1.08


2.08 L


0.519

315 g

1.75


1.62 L


1.08

62. unsaturated

63. 100.680(C

64. a.  7.5 g H2O2

b.  0.88 M H2O

65. 24 g NaNO3
66. 85.5 g/mol

67. XH2O = 0.972
XC12H22O11 = 0.0283

68. (Tf = -9.57(C;
(Tb = + 4.73(C

69. 1.1 m NaHCO3
Review Questions and Problems

70. a.  Gases are more soluble in cold water than warm water.  b.  Vinegar is polar and oil is nonpolar. c.  Anhydrous CaSO4 adsorbs water better than the surfaces of the instruments.  d.  The greater surface area of the ground sugar increases the collisions between water and sugar molecules.  e.  Tap water contains ions that conduct electricity.  f.  The tea is already saturated.

71. Hydrogen chloride is polar.  Water surrounds each HCl molecule, causing ionization and high solubility.  Nonpolar solvents like benzene have no interaction with HCl

72. Raises the boiling point

73. A solution is formed.  Soap molecules have a polar end that dissolves in water, a polar solvent

74. a.  the substance that dissolved.
b.  the substance used for dissolving
c.  No additional solute can be dissolved.  d.  More solute can be dissolved.  e.  The solution contains more solute than a saturated solution.  f.  a solute that cannot conduct electricity.  g.  a solute that conducts a small amount of electricity.  h.  a solute that can conduct electricity.

75. a.  NH4Cl ( NH4+ + Cl- 

b. Cu(NO3)2 ( Cu2+ + 2 NO3-
c. HNO3 (
H+ + NO3-
d. HC2H3O2 ( H+ + C2H3O2-
e. Na2SO4 ( 2 Na+ + SO42-
f. HgCl2 ( Hg2+ + 2 Cl-
76. The stronger the intermolecular attractions in a liquid, the greater the surface tension.

Challenging Questions and Problems

77.  a.  76(C: 15 mol/kg; 33(C; 5 mol/kg
b.  82(C
c.  30(C

78.  0.120 M HCl

79. 20.0 mL Cr2(SO4)3
80. 66.2 mL HNO3
81. 0.090M Na2SO4
82. 99.8 g Cl-, 54.8 g Na+ , 6.9 g Mg2+ , 13.3 g SO42-, 2.2 g Ca2+ , 1.9 g K+ , 0.6 g HCO3-
