
EXERCISES 317 

8 r-c IS 8 S Answers to odd-numbered Exercises are in Appendix I. 

Properties of Gases (Sec. 11.1) 

Which of the following are observed properties of gases? 
(a) variable shape 
(b) expand uniformly 
(c) compress infinitely 
(d) mix with other gases 

2. Which of the following are observed properties of gases? 
(a) variable volume 
(b) expand infinitely 
(c) compress uniformly 
(d) low density 

Atmospheric Pressure (Sec. 11.2) 

Give the value for standard atmospheric pressure in each of 
the followiug units: 
(a) millimeters of mercury 
(b) centimeters of mercury 

4. Give the value for standard atmospheric pressure in each of 
the following units: 
(a) inches of mercury 
(b) pounds per square inch 

.. The Atmosphere The 
atmospheric pressure 
progressively decreases 
at higher altitudes. By 
way of example, the 
atmospheric pressure on 
Mt. Everest is about 
one-third the 
atmospheric pressure at 
sea level. 

If oxygen gas in a steel container is at a pressure of 5.00 atm, 
what is the pressure expressed in each of the following units? 
(a) psi (b) cm Hg 

6, If a piston in an automobile engine compresses a fuel-air 
mixture to a pressure of 9.50 atm, what is the pressure 
expressed in each of the following units? 
(a) in. Hg (b) mm Hg 

An American newscast states that the barometer reads 
30.8 in. Hg. Express the atmospheric pressure in each of 
the following units: 
(a) kPa (b) torr 

8. A Canadian newscast states that the barometer reads 
104 kPa. Express the atmospheric pressure in each of the 
following units: 
(a) psi (b) cm Hg 

Variables Affecting Gas Pressure (Sec. 11.3) 

Indicate what happens to the pressure of a gas with the fol
lowing changes: 
(a) The volume increases. 
(b) The temperature increases. 
(c) The moles of gas increase. 

10. Indicate what happens to the pressure of a gas with the fol
lowing changes: 
(a) The volume decreases. 
(b) The temperature decreases. 
(c) The moles of gas decrease. 

State whether the pressure of a gas in a sealed container 
increases or decreases with the following changes: 
(a) The volume changes from 2.50 L to 5.00 L. 
(b) The temperature changes from 20 °C to 100 °C. 
(c) The moles of gas change from 0.500 mol to 0.250 mol. 

12. State whether the pressure of a gas in a sealed container 
increases or decreases with the following changes: 
(a) The volume changes from 75.0 mL to 50.0 mL. 
(b) The temperature changes from 0 °C to -195 °C. 
(c) The moles of gas change from 1.00 mol to 5.00 mol. 

Explain how increasing the volume of a gas decreases 
its pressure. 

14. Explain how increasing the temperature of a gas increases 
its pressure . 

.. Tire Pressure The 
pressure inside the 
bicycle tire increases as 
the number of air 
molecules increases. 

Boyle's Law: Pressure-Volume Relationships 
(Sec. 11.4) 

Sketch a graph of pressure versus volume, assuming tem
perature is constant. Label the vertical axis P and the hori
zontal axis V. 

16. Sketch a graph of pressure versus inverse volume, assum
ing temperature is constant. Label the vertical axis P and 
the horizontal axis 1 /V. 

A sample of air at 5.00 atm expands from 1.75 L to 2.50 L. If 
the temperature remains constant, what is the final pressure 
inatm? 
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18. A sample of air at 15.0 psi compresses from 555 mL to 275 mL. 
If the temperature remains constant, what is the final pressure 
in psi? 

19. Calculate the final volume when 5.00 L of argon gas under
goes a pressure change from 1.55 atm to 6.50 atm. Assume 
that the temperature remains constant. 

20. Calculate the final volume when 125 mL of argon gas under
goes a pressure change from 705 mm Hg to 385 mm Hg. 
Assume that the temperature remains constant. 

Charles's Law: Volume-Temperature Relationships 
(Sec. 11.5) 

21. Sketch a graph of volume versus Kelvin temperature, 
assuming pressure is constant. Label the vertical axis V and 
the horizontal axis T, K. 

22. Sketch a graph of volume versus Celsius temperature, 
assuming pressure is constant. Label the vertical axis V and 
the horizontal axis T, 0 C. Assume the Celsius temperature 
appro~ches zero at the origin. 

23. A 555 mL sample of nitrous oxide at 25 °C is heated to 50 °C. 
If the pressure remains qmstant, what is the final volume? 

24. A 2.50 L sample of nitric oxide gas at 100 °C is cooled to 20 °C. 
If the pressure remains constant, what is the final volume? 

25. Calculate the final Celsius temperature when 125 mL of 
chlorine gas at 25 °C is heated to give a volume of 175 mL. 
Assume that the pressure remains constant. 

26. Calculate the final Celsius temperature when 5.00 L of fluo
rine gas at 50 °C is cooled to give a volume of 3.75 L. 
Assume that the pressure remains constant. 

Gay-Lussac's Law: Pressure-Temperature 
Relationships (Sec. 11.6) 

27. Sketch a graph of pressure versus Kelvin temperature, 
assuming volume is constant. Label the vertical axis P and 
the horizontal axis T (K). 

28. Sketch a graph of pressure versus Celsius temperature, 
assuming volume is constant. Label the vertical axis P and 
the horizontal axis T (0 C). Assume the Celsius temperature 
approaches zero at the origin. 

29. A 1.00 L sample of argon gas at 1.00 atm is heated from 
20 °C to 110 °C. If the volume remains constant, what is 
the final pressure? 

30. A 25.0 mL sample of neon gas at 455 mm Hg is cooled from 
100 °C to 10 °C. If the volume remains constant, what is the 
final pressure? 

31. Calculate the final Celsius temperature of sulfur dioxide 
gas if 50.0 mL of the gas at 20 °C and 0.450 atm is heated 
until the pressure is 0.750 atm. Assume that the volume 
remains constant. 

32. Calculate the final Celsius temperature of nitrogen dioxide 
gas if 1.95 L of the gas at 0 °C and 375 mm Hg is cooled 
until the pressure is 225 mm Hg. Assume that the volume 
remains constant. 

Combined Gas Law (Sec. 11.7) 

33. A 5.00 L sample of air is collected at 500 °C and 5.00 atm. 
What is the volume of air at STP? 

34. A 100.0 mL sample of air is collected at 21 °C and 772 mm Hg. 
What is the volume of air at STP? 

35. If a sample of hydrogen gas occupies 2.00 Lat -50 °C and 
155 mm Hg, what is the volume at 75 °C and 365 mm Hg? 

36. If a sample of oxygen gas occupies 25.0 mL at -25 °C and 
650 mm Hg, what is the volume at 25 °C and 350 mm Hg? 

37. A sample of hydrogen chloride gas occupies 0.750 Lat 
STP. What is the pressure in atm if the volume is 0.100 L 
at 25 °C? 

38. A sample of hydrogen fluoride gas occupies 1250 mL at 
STP. What is the pressure in mm Hg if the volume is 255 mL 
at 300 °C? 

39. A sample of nitrogen gas has a volume of 1.00 Lat STP. 
What is the temperature in °C if the volume is 10.0 Lat 
2.00 atm? 

40. A sample of ammonia gas has a volume of 50.0 mL at STP. 
What is the Celsius temperature if the volume is 350.0 mL at 
350mmHg? 

41. A sample of argon gas occupies 0.500 Lat -125 °C and 
225 mm Hg. Calculate the pressure in mm Hg if the gas 
occupies 0.375 Lat 100 °C. 

42. A sample of xenon gas occupies 500.0 mL at -185 °C and 
75.0 cm Hg. Calculate the Celsius temperature if the volume 
is 225.0 mL at 55.0 cm Hg. 

The Vapor Pressure Concept (Sec. 11 .8) 

43. What is the relationship between the vapor pressure of a 
liquid and temperature? 

44. Which of the following liquids has the higher vapor pres
sure at 25 °C: water or mercury? 

45. Refer to Table 11.2 and state the vapor pressure for water in 
mm Hg at each of the following temperatures: 
(a) 25 °C (b) 50 °C 

46. Refer to Table 11.2 and state the vapor pressure for water in 
atm at each of the following temperatures: 
(a) 75 °C (b) 100 °C 

Dalton's Law of Partial Pressures (Sec. 11. 9) 

47. Air contains nitrogen, oxygen, argon, and trace gases. If 
the partial pressure of nitrogen is 592 mm Hg, oxygen is 
160 mm Hg, argon is 7 mm Hg, and trace gas is 1 mm Hg, 
what is the atmospheric pressure? 

48. Air contains nitrogen, oxygen, argon, and trace gases. If 
the partial pressure of nitrogen is 587 mm Hg, oxygen is 
158 mm Hg, argon is 7 mm Hg, and trace gas pressure is 
negligible, what is the atmospheric pressure? 

49. A steel cylinder with sulfur dioxide, sulfur trioxide, and 
oxygen gases is at 825 °C and 1.00 atm. If the partial pr 
sure of sulfur dioxide is 150 mm Hg and sulfur trioxide· 
475 mm Hg, what is the partial pressure of oxygen in 
mmHg? 

50. A steel cylinder with nitrogen, hydrogen, and ammonia 
gases is at 500 °C and 5.00 atm. If the partial pressure of 
nitrogen is 1850 mm Hg and hydrogen is 1150 mm Hg, 
what is the partial pressure of ammonia in mm Hg? 

51. Describe the meaning of the expression "collecting a gas 
over water." 
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52. Distinguish between a "wet" gas and a "dry" gas. 
53. If oxygen is collected over water at 20 °C and 766 mm Hg, 

what is the partial pressure of the oxygen? Refer to Table 11.2 
for the vapor pressure of water. 

54. If xenon is collected over water at 30 °C and 755 mm Hg, 
what is the partial pressure of the xenon? Refer to Table 11.2 
for the vapor pressure of water. 

Ideal Gas Behavior (Sec. 11.10) 

55. State five characteristics of an ideal gas according to the 
kinetic theory. 

56. Distinguish between a real gas and an ideal gas. 

57. Under what conditions of temperature and pressure does a 
real gas behave most like an ideal gas? 

58. At what Celsius temperature does a gas possess zero 
kinetic energy? 

59. A sealed container holds the gases He, Ne, and Ar. Which of 
these gasElS corresponds to each of the following descriptions? 
(a) highest kinetic energy 
(b) lowest kinetic energy 
(c) highest atomic velocity ~ 
(d) lowest atomic velocity 

60. A sealed container holds the gases H21 N2, and 0 2. Which of 
these gases corresponds to each of the following descriptions? 
(a) highest kinetic energy 
(b) lowest kinetic energy 
(c) highest molecular velocity 
(d) lowest molecular velocity 

61. What pressure is exerted by an ideal gas at absolute zero? 

62. What volume is occupied by an ideal gas at absolute zero? 

Ideal Gas Law (Sec. 11.11) 

63. If 0.500 mol of hydrogen gas occupies 5.00 L at 25 °C, what 
is the pressure in atmospheres? 

64. If 1.25 mol of oxygen gas exerts a pressure of 1200 mm Hg 
at 25 °C, what is the volume in liters? 

65. If 10.0 L of neon gas exerts a pressure of 125 psi at 373 K, 
what is the number of moles of gas? 

66. If 0.100 mol of argon gas occupies 2.15 Lat 725 mm Hg, 
what is the temperature in degrees Celsius? 

General Exercises 

67. If the surface area of a human body is 255 square inches, 
what is the total weight of the atmosphere on a human 

. body expressed in pounds? 
'; 68. If the surface area of a human hand is 165 square centime

ters, what is the total weight of the atmosphere on a human 
hand expressed in pounds? 

69. What is standard atmospheric pressure (in cm) measured 
by a barometer filled with water (given that mercury is 
13.6 times more dense than water)? 

70. What is standard atmospheric pressure (in cm) measured 
by a barometer filled with alcohol (given that mercury is 
19.2 times more dense than alcohol)? 

· A deep-sea scuba tank contains oxygen and helium gases. If 
the partial pressures of the gases are 35 atm and 125 atm, 
What is the total pressure (in psi)? 
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72. A bicycle tire contains nitrogen, oxygen, and argon gases. If 
the partial pressures are 51.0 psi, 13.5 psi, and 0.5 psi, what 
is the total pressure (in atm)? 

73. The decomposition of baking soda produces carbon dioxide 
gas. If 42.5 mL of wet gas is collected over water at 22 °C 
and 764 mm Hg, what is the volume of dry gas at STP condi
tions? (The vapor pressure of water at 22 °C is 19.8 mm Hg.) 

74. Calcium metal and water produce hydrogen gas. If the vol
ume of wet gas collected over water is 95.0 mL at 20 °C and 
758 mm Hg, what is the volume of dry gas at STP condi
tions? (The vapor pressure of water at 20 °C is 17.5 mm Hg.) 

75. What pressure (in atm) is exerted by 1.51 X 1023 oxygen 
molecules at 25 °C in a 5.00 L container? 

76. What volume (in liters) is occupied by 3.38 X 1022 nitrogen 
molecules at 100 °C and 255 mm Hg? 

77. Natural gas contains methane, CH.i, ethane, CzH6, and hydro
gen sulfide, H2S. Which molecules have the fastest velocity? 

78. Bottled gas for recreational vehicles contains propane, C~8, 

and butane, C4H10• Which molecules have the faster velocity? 

79. Which of the following gases has a density of 2.14 g/L at 
STP: Hz, Oz, 03? 

80. Which of the following gases has a density of 5.40 g/L at 
STP: HzS, S03, CFzCl2? 

81. A sample of unknown gas weighs 1.95 g and occupies 3.00 L 
at 1.25 atm and 20 °C. What is the molar mass of the 
unknown gas? 

82. A sample of unknown gas weighs 2.85 g and occupies 750 mL 
at 760 mm Hg and 100 °C. What is the molar mass of the 
unknown gas? 

83. A sample of chlorine gas occupies 1550 mL at 0.945 atm and 
50 °C. What is the mass of the sample? 

84. A sample of fluorine gas occupies 855 mL at 710 mm Hg 
and 155 °C. What is the mass of the sample? 

85. Express the ideal gas constant in the following units: 
L • torr/mol • K. 

86. Express the ideal gas constant in the following SI units 
(given that 1 atm • L = 101.27 J): J/mol • K. 

87. Deep-sea divers breathe a helium-oxygen mixture at depths 
below 200 feet. Explain why divers have high, squeaky voices 
while breathing the mixture. (Hint: As molecules move faster 
across the vocal cords, voice pitch rises.) 

.A. Deep-Sea Divers These divers are breathing a 
mixture of helium and oxygen gases. 
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