
Conversions: Chap. 2, Sec. 2
Converting Simple SI Units

1. State the following measured quantities in the units
indicated.
a. 5.2 cm of magnesium ribbon in millimeters
b. 0.049 kg of sulfur in grams
c. 1.60 mL of ethanol in microliters
d. 0.0025 g of vitamin A in micrograms
e. 0.020 kg of tin in milligrams
f. 3 kL of saline solution in liters

2. State the following measured quantities in the units
indicated.
a. 150 mg of aspirin in grams
b. 2500 mL of hydrochloric acid in liters
c. 0.5 g of sodium in kilograms
d. 55 L of carbon dioxide gas in kiloliters
e. 35 mm in centimeters
f. 8740 m in kilometers
g. 209 nm in millimeters
h. 500 000 �g in kilograms

3. The greatest distance between Earth and the 
sun during Earth’s revolution is 152 million 
kilometers. What is this distance in 
megameters?

4. How many milliliters of water will it take 
to fill a 2.00 L bottle that already contains 
1.87 L of water?

5. A piece of copper wire is 150 cm long. How 
long is the wire in millimeters? How many 
50 mm segments of wire can be cut from the length?

6. The ladle at an iron foundry can hold 8500 kg 
of molten iron; 646 metric tons of iron are 
needed to make rails. How many ladlefuls 
of iron will it take to make 646 metric tons 
of iron? (1 metric ton � 1000 kg) 

Converting Derived SI Units
7. State the following measured quantities in the units

indicated.
a. 310 000 cm3 of concrete in cubic meters
b. 6.5 m2 of steel sheet in square centimeters
c. 0.035 m3 of chlorine gas in cubic 

centimeters
d. 0.49 cm2 of copper in square millimeters
e. 1200 dm3 of acetic acid solution in 

cubic meters
f. 87.5 mm3 of actinium in cubic centimeters
g. 250 000 cm2 of polyethylene sheet in 

square meters

8. How many palisade cells from plant leaves would fit in
a volume of 1.0 cm3 of cells if the average volume of a
palisade cell is 0.0147 mm3?

Mixed Review
9. Convert each of the following quantities to the required

unit.
a. 12.75 Mm to kilometers
b. 277 cm to meters
c. 30 560 m2 to hectares (1 ha � 10 000 m2)
d. 81.9 cm2 to square meters
e. 300 000 km to megameters

10. Convert each of the following quantities to the
required unit.
a. 0.62 km to meters
b. 3857 g to milligrams
c. 0.0036 mL to microliters
d. 0.342 metric tons to kg (1 metric ton � 1000 kg)
e. 68.71 kL to liters

11. Convert each of the following quantities to the
required unit.
a. 856 mg to kilograms
b. 1 210 000 �g to kilograms
c. 6598 �L to cubic centimeters (1 mL � 1 cm3)
d. 80 600 nm to millimeters
e. 10.74 cm3 to liters

12. Convert each of the following quantities to the
required unit.
a. 7.93 L to cubic centimeters
b. 0.0059 km to centimeters
c. 4.19 L to cubic decimeters
d. 7.48 m2 to square centimeters
e. 0.197 m3 to liters

13. An automobile uses 0.05 mL of oil for each kilometer
it is driven. How much oil in liters is consumed if the
automobile is driven 20 000 km?

14. How many microliters are there in a volume of 
370 mm3 of cobra venom?

15. A baker uses 1.5 tsp of vanilla extract in each cake.
How much vanilla extract in liters should the baker
order to make 800 cakes? (1 tsp � 5 mL)

16. A person drinks eight glasses of water each day, and
each glass contains 300 mL. How many liters of water
will that person consume in a year? What is the mass
of this volume of water in kilograms? (Assume one
year has 365 days and the density of water is 
1.00 kg/L.)

17. At the equator Earth rotates with a velocity of about
465 m/s.
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a. What is this velocity in kilometers per hour?
b. What is this velocity in kilometers per day?

18. A chemistry teacher needs to determine what quantity
of sodium hydroxide to order. If each student will use
130 g and there are 60 students, how many kilograms
of sodium hydroxide should the teacher order?

19. The teacher in item 18 also needs to order plastic tub-
ing. If each of the 60 students needs 750 mm of tubing,
what length of tubing in meters should the teacher
order?

20. Convert the following to the required units.
a. 550 �L/h to milliliters per day
b. 9.00 metric tons/h to kilograms per minute
c. 3.72 L/h to cubic centimeters per minute
d. 6.12 km/h to meters per second

21. Express the following in the units indicated.
a. 2.97 kg/L as grams per cubic centimeter
b. 4128 g/dm2 as kilograms per square centimeter
c. 5.27 g/cm3 as kilograms per cubic decimeter
d. 6.91 kg/m3 as milligrams per cubic millimeter

22. A gas has a density of 5.56 g/L.
a. What volume in milliliters would 4.17 g of this gas

occupy?
b. What would be the mass in kilograms of 1 m3 of

this gas?
23. The average density of living matter on Earth’s land

areas is 0.10 g/cm2. What mass of living matter in kilo-
grams would occupy an area of 0.125 ha?

24. A textbook measures 250. mm long, 224 mm wide, and
50.0 mm thick. It has a mass of 2.94 kg.
a. What is the volume of the book in cubic meters?
b. What is the density of the book in grams per cubic

centimeter? 
c. What is the area of one cover in square meters?

25. A glass dropper delivers liquid so that 25 drops equal
1.00 mL.
a. What is the volume of one drop in milliliters?
b. How many milliliters are in 37 drops?
c. How many drops would be required to get 0.68 L?

26. Express each of the following in kilograms and grams.
a. 504 700 mg c. 122 mg
b. 9 200 000 �g d. 7195 cg

27. Express each of the following in liters and milliliters.
a. 582 cm3 c. 1.18 dm3

b. 0.0025 m3 d. 32 900 �L
28. Express each of the following in grams per liter and

kilograms per cubic meter.
a. 1.37 g/cm3 d. 38 000 g/m3

b. 0.692 kg/dm3 e. 5.79 mg/mm3

c. 5.2 kg/L f. 1.1 �g/mL
29. An industrial chemical reaction is run for 30.0 h and

produces 648.0 kg of product. What is the average rate
of product production in the stated units?
a. grams per minute
b. kilograms per day
c. milligrams per millisecond

30. What is the speed of a car in meters per second when
it is moving at 100. km/h?

31. A heater gives off energy as heat at a rate of 330
kJ/min. What is the rate of energy output in kilocalo-
ries per hour? (1 cal � 4.184 J) 

32. The instructions on a package of fertilizer tell you to
apply it at the rate of 62 g/m2. How much fertilizer in
kilograms would you need to apply to 1.0 ha? (1 ha �
10 000 m2)

33. A water tank leaks water at the rate of 3.9 mL/h. If
the tank is not repaired, what volume of water in liters
will it leak in a year? Show your setup for solving this.
Hint: Use one conversion factor to convert hours to
days and another to convert days to years, and assume
that one year has 365 days.

34. A nurse plans to give flu injections of 50 �L each from
a bottle containing 2.0 mL of vaccine. How many
doses are in the bottle?

Significant Figures: Chap. 2, Sec. 2

35. Determine the number of significant figures in the fol-
lowing measurements.
a. 640 cm3 f. 20.900 cm
b. 200.0 mL g. 0.000 000 56 g/L
c. 0.5200 g h. 0.040 02 kg/m3

d. 1.005 kg i. 790 001 cm2

e. 10 000 L j. 665.000 kg•m/s2

36. Perform the following calculations, and express the
result in the correct units and number of significant
figures.
a. 47.0 m � 2.2 s
b. 140 cm � 35 cm
c. 5.88 kg � 200 m3

d. 0.00 50 m2 � 0.042 m
e. 300.3 L � 180. s
f. 33.00 cm2 � 2.70 cm
g. 35 000 kJ � 0.250 min

37. Perform the following calculations and express the
results in the correct units and number of significant 
figures.
a. 22.0 m � 5.28 m � 15.5 m
b. 0.042 kg � 1.229 kg � 0.502 kg
c. 170 cm2 � 3.5 cm2 � 28 cm2

d. 0.003 L � 0.0048 L � 0.100 L
e. 24.50 dL � 4.30 dL � 10.2 dL
f. 3200 mg � 325 mg � 688 mg
g. 14 000 kg � 8000 kg � 590 kg

Mixed Review
38. Determine the number of significant figures in the fol-

lowing measurements.
a. 0.0120 m f. 1000 kg
b. 100.5 mL g. 180. mm
c. 101 g h. 0.4936 L
d. 350 cm2 i. 0.020 700 s
e. 0.97 km

39. Round the following quantities to the specified num-
ber of significant figures.
a. 5 487 129 m to three significant figures
b. 0.013 479 265 mL to six significant figures



c. 31 947.972 cm2 to four significant figures
d. 192.6739 m2 to five significant figures
e. 786.9164 cm to two significant figures
f. 389 277 600 J to six significant figures
g. 225 834.762 cm3 to seven significant figures

40. Perform the following calculations, and express the
answer in the correct units and number of significant
figures.
a. 651 cm � 75 cm
b. 7.835 kg � 2.5 L
c. 14.75 L � 1.20 s
d. 360 cm � 51 cm � 9.07 cm
e. 5.18 m � 0.77 m � 10.22 m
f. 34.95 g � 11.169 cm3

41. Perform the following calculations, and express the
answer in the correct units and number of significant
figures.
a. 7.945 J � 82.3 J � 0.02 J 
b. 0.0012 m � 0.000 45 m � 0.000 11 m 
c. 500 g � 432 g � 2 g
d. 31.2 kPa � 0.0035 kPa � 0.147 kPa
e. 312 dL � 31.2 dL � 3.12 dL 
f. 1701 kg � 50 kg � 43 kg

42. A rectangle measures 87.59 cm by 35.1 mm. Express
its area with the proper number of significant figures
in the specified unit.
a. in cm2 c. in m2

b. in mm2

43. A box measures 900. mm by 31.5 mm by 6.3 cm. State
its volume with the proper number of significant fig-
ures in the specified unit.
a. in cm3 c. in mm3

b. in m3

44. A 125 mL sample of liquid has a mass of 0.16 kg.
What is the density of the liquid in the following mea-
surements?
a. kg/m3 c. kg/dm3

b. g/mL

45. Perform the following calculations, and express the
results in the correct units and with the proper num-
ber of significant figures.
a. 13.75 mm � 10.1 mm � 0.91 mm
b. 89.4 cm2 � 4.8 cm
c. 14.9 m3 � 3.0 m2

d. 6.975 m � 30 m � 21.5 m

46. What is the volume of a region of space that measures
752 m � 319 m � 110 m? Give your answer in the cor-
rect unit and with the proper number of significant 
figures.

47. Perform the following calculations, and express the
results in the correct units and with the proper num-
ber of significant figures.
a. 7.382 g � 1.21 g � 4.7923 g
b. 51.3 mg � 83 mg � 34.2 mg
c. 0.007 L � 0.0037 L � 0.012 L
d. 253.05 cm2 � 33.9 cm2 � 28 cm2

e. 14.77 kg � 0.086 kg � 0.391 kg
f. 319 mL � 13.75 mL � 20. mL

48. A container measures 30.5 mm � 202 mm � 153 mm.
When it is full of a liquid, it has a mass of 1.33 kg.
When it is empty, it has a mass of 0.30 kg. What is the
density of the liquid in kilograms per liter?

49. If 7.76 km of wire has a mass of 3.3 kg, what is the
mass of the wire in g/m? What length in meters would
have a mass of 1.0 g? 

50. A container of plant food recommends an application
rate of 52 kg/ha. If the container holds 10 kg of plant
food, how many square meters will it cover? (1 ha �
10 000 m2)

51. A chemical process produces 974 550 kJ of energy as
heat in 37.0 min. What is the rate in kilojoules per
minute? What is the rate in kilojoules per second?

52. A water pipe fills a container that measures 189 cm �
307 cm � 272 cm in 97 s.
a. What is the volume of the container in cubic meters?
b. What is the rate of flow in the pipe in liters per

minute?
c. What is the rate of flow in cubic meters per hour?

53. Perform the following calculations, and express the
results in the correct units and with the proper num-
ber of significant figures. Note, in problems with mul-
tiple steps, it is better to perform the entire calculation
and then round to significant figures.
a. (0.054 kg � 1.33 kg) � 5.4 m2

b. 67.35 cm2 � (1.401 cm � 0.399 cm)
c. 4.198 kg � (1019 m2 � 40 m2) � (54.2 s � 31.3 s)
d. 3.14159 m � (4.17 m � 2.150 m)
e. 690 000 m � (5.022 h � 4.31 h)
f. (6.23 cm � 3.111 cm � 0.05 cm) � 14.99 cm

Scientific Notation: Chap. 2, Sec. 3
Converting Quantities to Scientific Notation
54. Express the following quantities in scientific notation.

a. 8 800 000 000 m
b. 0.0015 kg
c. 0.000 000 000 06 kg/m3

d. 8 002 000 Hz 
e. 0.009 003 A
f. 70 000 000 000 000 000 km
g. 6028 L
h. 0.2105 g
i. 600 005 000 kJ/h
j. 33.8 m2

Calculating with Quantities
in Scientific Notation
55. Carry out the following calculations. Express the results

in scientific notation and with the correct number of
significant figures.
a. 4.74 � 104 km � 7.71 � 103 km � 1.05 � 103 km
b. 2.75 � 10�4 m � 8.03 � 10�5 m � 2.122 � 10�3 m
c. 4.0 � 10�5 m3 � 6.85 � 10�6 m3 � 1.05 � 10�5 m3

d. 3.15 � 102 mg � 3.15 � 103 mg � 3.15 � 104 mg
e. 3.01 � 1022 atoms � 1.19 � 1023 atoms � 9.80 �

1021 atoms
f. 6.85 � 107 nm � 4.0229 � 108 nm � 8.38 � 106 nm
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56. Carry out the following computations, and express the
result in scientific notation.
a. 7.20 � 103 cm � 8.08 � 103 cm
b. 3.7 � 104 mm � 6.6 � 104 mm � 9.89 � 103 mm
c. 8.27 � 102 m � 2.5 � 10�3 m � 3.00 � 10�4 m
d. 4.44 � 10�35 m � 5.55 � 1019 m � 7.69 � 10�12 kg
e. 6.55 � 104 dm � 7.89 � 109 dm � 4.01893 � 105 dm

57. Carry out the following computations, and express the
result in scientific notation.
a. 2.290 � 107 cm � 4.33 � 103 s
b. 1.788 � 10�5 L � 7.111 � 10�3 m2

c. 5.515 � 104 L � 6.04 � 103 km
d. 3.29 � 10�4 km � 1.48 � 10�2 min
e. 4.73 � 10�4 g � (2.08 � 10�3 km � 5.60 �

10�4 km)

Mixed Review
58. Express the following quantities in scientific notation.

a. 158 000 km
b. 0.000 009 782 L
c. 837 100 000 cm3

d. 6 500 000 000 mm2

e. 0.005 93 g
f. 0.000 000 006 13 m
g. 12 552 000 J
h. 0.000 008 004 g/L
i. 0.010 995 kg
j. 1 050 000 000 Hz

59. Perform the following calculations, and express the
result in scientific notation with the correct number of
significant figures.
a. 2.48 � 102 kg � 9.17 � 103 kg � 7.2 � 101 kg
b. 4.07 � 10�5 mg � 3.966 � 10�4 mg � 7.1 �

10�2 mg
c. 1.39 � 104 m3 � 6.52 � 102 m3 � 4.8 � 103 m3

d. 7.70 � 10�9 m � 3.95 � 10�8 m � 1.88 � 10�7 m
e. 1.111 � 105 J � 5.82 � 104 J � 3.01 � 106 J
f. 9.81 � 1027 molecules � 3.18 � 1025 molecules �

2.09 � 1026 molecules
g. 1.36 � 107 cm � 3.456 � 106 cm � 1.01 � 107 cm �

5.122 � 105 cm

60. Perform the following computations, and express the
result in scientific notation with the correct number of
significant figures.
a. 1.54 � 10�1 L � 2.36 � 10�4 s
b. 3.890 � 104 mm � 4.71 � 102 mm2

c. 9.571 � 103 kg � 3.82 � 10�1 m2

d. 8.33 � 103 km � 1.97 � 102 s
e. 9.36 � 102 m � 3.82 � 103 m � 9.01 � 10�1 m
f. 6.377 � 104 J � 7.35 � 10�3 s

61. Your electric company charges you for the electric
energy you use, measured in kilowatt-hours (kWh).
One kWh is equivalent to 3 600 000 J. Express this
quantity in scientific notation.

62. The pressure in the deepest part of the ocean is 
11 200 000 Pa. Express this pressure in scientific 
notation.

63. Convert 1.5 km to millimeters, and express the result
in scientific notation.

64. Light travels at a speed of about 300 000 km/s.
a. Express this value in scientific notation.
b. Convert this value to meters per hour.
c. What distance in centimeters does light travel in 

1 �s?

65. There are 7.11 � 1024 molecules in 100.0 cm3 of a cer-
tain substance.
a. What is the number of molecules in 1.09 cm3 of the

substance?
b. What would be the number of molecules in 2.24 �

104 cm3 of the substance?
c. What number of molecules are in 9.01 � 10�6 cm3

of the substance?

66. The number of transistors on a particular integrated
circuit is 3 578 000, and the integrated circuit measures 
9.5 mm � 8.2 mm.
a. What is the area occupied by each transistor?
b. Using your answer from (a), how many transistors

could be formed on a silicon sheet that measures 
353 mm � 265 mm?

67. A solution has 0.0501 g of a substance in 1.00 L.
Express this concentration in grams per microliter.

68. Cesium atoms are the largest of the naturally occur-
ring elements. They have a diameter of 5.30 � 10�10 m.
Calculate the number of cesium atoms that would
have to be lined up to give a row of cesium atoms 
2.54 cm (1 in.) long.

69. The neutron has a volume of approximately 1.4 �
10�44 m3 and a mass of 1.675 � 10�24 g. Calculate the
density of the neutron in g/m3. What is the mass of 
1.0 cm3 of neutrons in kilograms?

70. The pits in a compact disc are some of the smallest
things ever mass-produced mechanically by humans.
These pits represent the 1s and 0s of digital informa-
tion on a compact disc. These pits are only 1.6 �
10�8 m deep (1/4 the wavelength of red laser light).
How many of these pits would have to be stacked on
top of each other to make a hole 0.305 m deep?

71. 22 400 mL of oxygen gas contains 6.022 � 1023 oxygen
molecules at 0°C and standard atmospheric pressure.
a. How many oxygen molecules are in 0.100 mL of

gas?
b. How many oxygen molecules are in 1.00 L of gas?
c. What is the average space in milliliters occupied by

one oxygen molecule? 

72. The mass of the atmosphere is calculated to be 
5.136 � 1018 kg, and there are 6 500 000 000 people
living on Earth. Calculate the following values.
a. The mass of atmosphere in kilograms per person.
b. The mass of atmosphere in metric tons per person.
c. If the number of people increases to 9 500 000 000,

what is the mass in kilograms per person?

73. The mass of the sun is 1.989 � 1030 kg, and the mass
of Earth is 5.974 � 1024 kilograms. How many Earths
would be needed to equal the mass of the sun?

74. A new landfill has dimensions of 2.3 km � 1.4 km �
0.15 km.
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a. What is the volume in cubic kilometer?
b. What is the volume in cubic meters?
c. If 250 000 000 objects averaging 0.060 m3 each are

placed into the landfill each year, how many years
will it take to fill the landfill?

75. A dietary calorie (C) is exactly equal to 1000 cal. If
your daily intake of food gives you 2400 C, what is
your intake in joules per day? (1 cal � 4.184 J)

Four Steps for Solving 
Quantitative Problems: Chap. 2,
Sec. 3

76. Gasoline has a density of 0.73 g/cm3. How many liters
of gasoline would be required to increase the mass of
an automobile from 1271 kg to 1305 kg? 

77. A swimming pool measures 9.0 m long by 3.5 m wide
by 1.75 m deep. What mass of water in metric tons 
(1 metric ton � 1000 kg) does the pool contain when
filled? The density of the water in the pool is 
0.997 g/cm3.

78. A tightly packed box of crackers contains 250 g of
crackers and measures 7.0 cm � 17.0 cm � 19.0 cm.
What is the average density in kilograms per liter of
the crackers in the package? Assume that the unused
volume is negligible.

Mixed Review
Solve these problems by using the Four Steps for
Solving Quantitative Problems.

79. The aluminum foil on a certain roll has a total area of
18.5 m2 and a mass of 1275 g. Using a density of 2.7 g
per cubic centimeter for aluminum, determine the
thickness in millimeters of the aluminum foil.

80. If a liquid has a density of 1.17 g/cm3, how many liters
of the liquid have a mass of 3.75 kg?

81. A stack of 500 sheets of paper measuring 28 cm � 21 cm
is 44.5 mm high and has a mass of 2090 g. What is the
density of the paper in grams per cubic centimeter?

82. A triangular-shaped piece of a metal has a mass of 
6.58 g. The triangle is 0.560 mm thick and measures
36.4 mm on the base and 30.1 mm in height. What 
is the density of the metal in grams per cubic centi-
meter?

83. A packing crate measures 0.40 m � 0.40 m � 0.25 m.
You must fill the crate with boxes of cookies that each
measure 22.0 cm � 12.0 cm � 5.0 cm. How many
boxes of cookies can fit into the crate?

84. Calculate the unknown quantities in the following
table. Use the following relationships for volumes of
the various shapes.

Volume of a cube � l � l � l
Volume of a rectangle � l � w � h
Volume of a sphere � 4/3	r3

Volume of a cylinder � 	r2 � h

85. When a sample of a metal alloy that has a mass of 
9.65 g is placed into a graduated cylinder containing
water, the volume reading in the cylinder increases
from 16.0 mL to 19.5 mL. What is the density of the
alloy sample in grams per cubic centimeter?

86. Pure gold can be made into extremely thin sheets
called gold leaf. Suppose that 50. kg of gold is made
into gold leaf having an area of 3620 m2. The density
of gold is 19.3 g/cm3.
a. How thick in micrometers is the gold leaf?
b. A gold atom has a radius of 1.44 � 10�10 m. How

many atoms thick is the gold leaf?

87. A chemical plant process requires that a cylindrical
reaction tank be filled with a certain liquid in 238 s.
The tank is 1.2 m in diameter and 4.6 m high. What
flow rate in liters per minute is required to fill the
reaction tank in the specified time?

88. The radioactive decay of 2.8 g of plutonium-238
generates 1.0 joule of energy as heat every second.
Plutonium has a density of 19.86 g/cm3. How many calo-
ries (1 cal � 4.184 J) of energy as heat will a rectangular
piece of plutonium that is 4.5 cm � 3.05 cm � 15 cm
generate per hour?

89. The mass of Earth is 5.974 � 1024 kg. Assume that
Earth is a sphere of diameter 1.28 � 104 km and calcu-
late the average density of Earth in g/cm3.

90. What volume of magnesium in cubic centimeters
would have the same mass as 1.82 dm3 of platinum?
The density of magnesium is 1.74 g/cm3, and the den-
sity of platinum is 21.45 g/cm3.

91. A roll of transparent tape has 66 m of tape on it. If an
average of 5.0 cm of tape is needed each time the tape
is used, how many uses can you get from a case of
tape containing 24 rolls?

92. An automobile can travel 38 km on 4.0 L of gasoline.
If the automobile is driven 75% of the days in a year
and the average distance traveled each day is 86 km,
how many liters of gasoline will be consumed in one
year (assume the year has 365 days)?

93. A hose delivers water to a swimming pool that mea-
sures 9.0 m long by 3.5 m wide by 1.75 m deep. It
requires 97 h to fill the pool. At what rate in liters per
minute will the hose fill the pool?

94. Automobile batteries are filled with a solution of sul-
furic acid, which has a density of 1.285 g/cm3. The
solution used to fill the battery is 38% (by mass) 
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D m V Shape Dimensions

a. 2.27 g/cm3 3.93 kg ? L cube ? m � ? m � ? m

b. 1.85 g/cm3 ? g ? cm3 rectangle 33 mm �
21 mm � 7.2 mm

c. 3.21 g/L ? kg ? dm3 sphere 3.30 m diameter

d. ? g/cm3 497 g ? m3 cylinder 7.5 cm diameter �
12 cm

e. 0.92 g/cm3 ? kg ? cm3 rectangle 3.5 m � 1.2 m �
0.65 m



sulfuric acid. How many grams of sulfuric acid are pre-
sent in 500 mL of battery acid?

Mole Concept: Chap. 3, Sec. 3;
Chap. 7, Sec. 3

Problems Involving Atoms and Elements
95. Calculate the number of moles in each of the following

masses.
a. 64.1 g of aluminum 
b. 28.1 g of silicon
c. 0.255 g of sulfur
d. 850.5 g of zinc

96. Calculate the mass of each of the following amounts.
a. 1.22 mol sodium 
b. 14.5 mol copper
c. 0.275 mol mercury
d. 9.37 � 10�3 mol magnesium

97. Calculate the amount in moles in each of the following
quantities.
a. 3.01 � 1023 atoms of rubidium
b. 8.08 � 1022 atoms of krypton
c. 5 700 000 000 atoms of lead
d. 2.997 � 1025 atoms of vanadium

98. Calculate the number of atoms in each of the follow-
ing amounts.
a. 1.004 mol bismuth
b. 2.5 mol manganese
c. 0.000 0002 mol helium
d. 32.6 mol strontium

99. Calculate the number of atoms in each of the follow-
ing masses.
a. 54.0 g of aluminum
b. 69.45 g of lanthanum
c. 0.697 g of gallium
d. 0.000 000 020 g beryllium

100. Calculate the mass of the following numbers of atoms.
a. 6.022 � 1024 atoms of tantalum
b. 3.01 � 1021 atoms of cobalt
c. 1.506 � 1024 atoms of argon
d. 1.20 � 1025 atoms of helium

Problems Involving Molecules, Formula
Units, and Ions
101. Calculate the number of moles in each of the following

masses.
a. 3.00 g of boron tribromide, BBr3
b. 0.472 g of sodium fluoride, NaF
c. 7.50 � 102 g of methanol, CH3OH
d. 50.0 g of calcium chlorate, Ca(ClO3)2

102. Determine the mass of each of the following amounts.
a. 1.366 mol of NH3
b. 0.120 mol of glucose, C6H12O6
c. 6.94 mol barium chloride, BaCl2
d. 0.005 mol of propane, C3H8

103. Calculate the number of molecules in each of the fol-
lowing amounts.
a. 4.99 mol of methane, CH4 

b. 0.005 20 mol of nitrogen gas, N2
c. 1.05 mol of phosphorus trichloride, PCl3 
d. 3.5 � 10�5 mol of vitamin C, ascorbic acid, C6H8O6

104. Calculate the number of formula units in the following
amounts.
a. 1.25 mol of potassium bromide, KBr
b. 5.00 mol of magnesium chloride, MgCl2
c. 0.025 mol of sodium carbonate, Na2CO3
d. 6.82 � 10�6 mol of lead(II) nitrate, Pb(NO3)2

105. Calculate the amount in moles of the following num-
bers of molecules or formula units.
a. 3.34 � 1034 formula units of Cu(OH)2
b. 1.17 � 1016 molecules of H2S
c. 5.47 � 1021 formula units of nickel(II) sulfate,

NiSO4
d. 7.66 � 1019 molecules of hydrogen peroxide, H2O2

106. Calculate the mass of each of the following quantities.
a. 2.41 � 1024 molecules of hydrogen, H2
b. 5.00 � 1021 formula units of aluminum hydroxide,

Al(OH)3
c. 8.25 � 1022 molecules of bromine pentafluoride,

BrF5
d. 1.20 � 1023 formula units of sodium oxalate,

Na2C2O4

107. Calculate the number of molecules or formula units in
each of the following masses.
a. 22.9 g of sodium sulfide, Na2S
b. 0.272 g of nickel(II) nitrate, Ni(NO3)2
c. 260 mg of acrylonitrile, CH2CHCN 

Mixed Review
108. Calculate the number of moles in each of the following

masses.
a. 0.039 g of palladium
b. 8200 g of iron
c. 0.0073 kg of tantalum
d. 0.006 55 g of antimony
e. 5.64 kg of barium

109. Calculate the mass in grams of each of the following
amounts.
a. 1.002 mol of chromium
b. 550 mol of aluminum
c. 4.08 � 10�8 mol of neon
d. 7 mol of titanium
e. 0.0086 mol of xenon
f. 3.29 � 104 mol of lithium

110. Calculate the number of atoms in each of the follow-
ing amounts.
a. 17.0 mol of germanium
b. 0.6144 mol of copper
c. 3.02 mol of tin
d. 2.0 � 106 mol of carbon
e. 0.0019 mol of zirconium
f. 3.227 � 10�10 mol of potassium

111. Calculate the number of moles in each of the follow-
ing quantities.
a. 6.022 � 1024 atoms of cobalt
b. 1.06 � 1023 atoms of tungsten
c. 3.008 � 1019 atoms of silver
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d. 950 000 000 atoms of plutonium
e. 4.61 � 1017 atoms of radon
f. 8 trillion atoms of cerium

112. Calculate the number of atoms in each of the follow-
ing masses.
a. 0.0082 g of gold
b. 812 g of molybdenum
c. 2.00 � 102 mg of americium
d. 10.09 kg of neon
e. 0.705 mg of bismuth
f. 37 �g of uranium

113. Calculate the mass of each of the following.
a. 8.22 � 1023 atoms of rubidium
b. 4.05 Avogadro’s constants of manganese atoms
c. 9.96 � 1026 atoms of tellurium
d. 0.000 025 Avogadro’s constants of rhodium atoms
e. 88 300 000 000 000 atoms of radium
f. 2.94 � 1017 atoms of hafnium

114. Calculate the number of moles in each of the follow-
ing masses.
a. 45.0 g of acetic acid, CH3COOH
b. 7.04 g of lead(II) nitrate, Pb(NO3)2
c. 5000 kg of iron(III) oxide, Fe2O3
d. 12.0 mg of ethylamine, C2H5NH2
e. 0.003 22 g of stearic acid, C17H35COOH
f. 50.0 kg of ammonium sulfate, (NH4)2SO4

115. Calculate the mass of each of the following amounts.
a. 3.00 mol of selenium oxybromide, SeOBr2
b. 488 mol of calcium carbonate, CaCO3
c. 0.0091 mol of retinoic acid, C20H28O2
d. 6.00 � 10�8 mol of nicotine, C10H14N2
e. 2.50 mol of strontium nitrate, Sr(NO3)2
f. 3.50 � 10�6 mol of uranium hexafluoride, UF6

116. Calculate the number of molecules or formula units in
each of the following amounts.
a. 4.27 mol of tungsten(VI) oxide, WO3
b. 0.003 00 mol of strontium nitrate, Sr(NO3)2
c. 72.5 mol of toluene, C6H5CH3
d. 5.11 � 10�7 mol of 
-tocopherol (vitamin E),

C29H50O2
e. 1500 mol of hydrazine, N2H4
f. 0.989 mol of nitrobenzene C6H5NO2

117. Calculate the number of molecules or formula units in
each of the following masses.
a. 285 g of iron(III) phosphate, FePO4
b. 0.0084 g of C5H5N
c. 85 mg of 2-methyl-1-propanol, (CH3)2CHCH2OH
d. 4.6 � 10�4 g of mercury(II) acetate, Hg(C2H3O2)2
e. 0.0067 g of lithium carbonate, Li2CO3

118. Calculate the mass of each of the following quantities.
a. 8.39 � 1023 molecules of fluorine, F2
b. 6.82 � 1024 formula units of beryllium sulfate,

BeSO4
c. 7.004 � 1026 molecules of chloroform, CHCl3
d. 31 billion formula units of chromium(III) formate,

Cr(CHO2)3
e. 6.3 � 1018 molecules of nitric acid, HNO3
f. 8.37 � 1025 molecules of freon 114, C2Cl2F4

119. Precious metals are commonly measured in troy
ounces. A troy ounce is equivalent to 31.1 g. How

many moles are in a troy ounce of gold? How many
moles are in a troy ounce of platinum? of silver?

120. A chemist needs 22.0 g of phenol, C6H5OH, for an
experiment. How many moles of phenol is this?

121. A student needs 0.015 mol of iodine crystals, I2, for an
experiment. What mass of iodine crystals should the
student obtain?

122. The weight of a diamond is given in carats. One carat
is equivalent to 200. mg. A pure diamond is made up
entirely of carbon atoms. How many carbon atoms
make up a 1.00 carat diamond?

123. 8.00 g of  calcium chloride, CaCl2, is dissolved in 
1.000 kg of water. 
a. How many moles of CaCl2 are in solution? How

many moles of water are present?
b. Assume that the ionic compound, CaCl2 , separates

completely into Ca2� and Cl� ions when it dissolves
in water. How many moles of each ion are present
in the solution?

124. How many moles are in each of the following masses?
a. 453.6 g (1.000 pound) of sucrose (table sugar),

C12H22O11
b. 1.000 pound of table salt, NaCl

125. When the ionic compound NH4Cl dissolves in water, it
breaks into one ammonium ion, NH4

�, and one chlo-
ride ion, Cl�. If you dissolved 10.7 g of NH4Cl in
water, how many moles of ions would be in solution?

126. What is the total amount in moles of atoms in a jar
that contains 2.41 � 1024 atoms of chromium, 1.51 �
1023 atoms of nickel, and 3.01 � 1023 atoms of copper?

127. The density of liquid water is 0.997 g/mL at 25°C. 
a. Calculate the mass of 250.0 mL (about a cupful) of

water.
b. How many moles of water are in 250.0 mL of

water? Hint: Use the result of (a).
c. Calculate the volume that would be occupied by

2.000 mol of water at 25°C.
d. What mass of water is 2.000 mol of water?

128. An Avogadro’s constant (1 mol) of sugar molecules
has a mass of 342 g, but an Avogadro’s constant 
(1 mol) of water molecules has a mass of only 18 g.
Explain why there is such a difference between the
mass of 1 mol of sugar and the mass of 1 mol of water.

129. Calculate the mass of aluminum that would have the
same number of atoms as 6.35 g of cadmium.

130. A chemist weighs a steel cylinder of compressed oxy-
gen, O2 , and finds that it has a mass of 1027.8 g. After
some of the oxygen is used in an experiment, the
cylinder has a mass of 1023.2 g. How many moles of
oxygen gas are used in the experiment?

131. Suppose that you could decompose 0.250 mol of Ag2S
into its elements.
a. How many moles of silver would you have? How

many moles of sulfur would you have?
b. How many moles of Ag2S are there in 38.8 g of

Ag2S? How many moles of silver and sulfur would
be produced from this amount of Ag2S?

c. Calculate the masses of silver and sulfur produced
in (b).
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Percentage Composition: Chap. 7,
Sec. 3

132. Determine the percentage composition of each of the
following compounds.
a. sodium oxalate, Na2C2O4
b. ethanol, C2H5OH
c. aluminum oxide, Al2O3
d. potassium sulfate, K2SO4

133. Suppose that a laboratory analysis of white powder
showed 42.59% Na, 12.02% C, and 44.99% oxygen.
Would you report that the compound is sodium oxalate
or sodium carbonate? (Use 43.38% Na, 11.33% C, and
45.29% O for sodium carbonate, and 34.31% Na,
17.93% C, and 47.76% O for sodium oxalate.)

134. Calculate the mass of the given element in each of the
following compounds.
a. bromine in 50.0 g potassium bromide, KBr
b. chromium in 1.00 kg sodium dichromate, Na2Cr2O7
c. nitrogen in 85.0 mg of the amino acid lysine,

C6H14N2O2
d. cobalt in 2.84 g cobalt(II) acetate, Co(C2H3O2)2

Hydrates
135. Calculate the percentage of water in each of the follow-

ing hydrates.
a. sodium carbonate decahydrate, Na2CO3•10H2O 
b. nickel(II) iodide hexahydrate, NiI2•6H2O 
c. ammonium hexacyanoferrate(III) trihydrate 

(commonly called ammonium ferricyanide),
(NH4)2Fe(CN)6•3H2O 

d. aluminum bromide hexahydrate

Mixed Review
136. Write formulas for the following compounds and deter-

mine the percentage composition of each.
a. nitric acid
b. ammonia
c. mercury(II) sulfate
d. antimony(V) fluoride

137. Calculate the percentage composition of the following
compounds.
a. lithium bromide, LiBr
b. anthracene, C14H10
c. ammonium nitrate, NH4NO3
d. nitrous acid, HNO2
e. silver sulfide, Ag2S
f. iron(II) thiocyanate, Fe(SCN)2
g. lithium acetate
h. nickel(II) formate

138. Calculate the percentage of the given element in each
of the following compounds.
a. nitrogen in urea, NH2CONH2
b. sulfur in sulfuryl chloride, SO2Cl2
c. thallium in thallium(III) oxide, Tl2O3
d. oxygen in potassium chlorate, KClO3
e. bromine in calcium bromide, CaBr2
f. tin in tin(IV) oxide, SnO2

139. Calculate the mass of the given element in each of the
following quantities.

a. oxygen in 4.00 g of manganese dioxide, MnO2
b. aluminum in 50.0 metric tons of aluminum oxide,

Al2O3
c. silver in 325 g silver cyanide, AgCN
d. gold in 0.780 g of gold(III) selenide, Au2Se3
e. selenium in 683 g sodium selenite, Na2SeO3
f. chlorine in 5.0 � 104 g of 1,1-dichloropropane,

CHCl2CH2CH3

140. Calculate the percentage of water in each of the fol-
lowing hydrates.
a. strontium chloride hexahydrate, SrCl2•6H2O 
b. zinc sulfate heptahydrate, ZnSO4•7H2O
c. calcium fluorophosphate dihydrate, CaFPO3•2H2O 
d. beryllium nitrate trihydrate, Be(NO3)2•3H2O

141. Calculate the percentage of the given element in each
of the following hydrates. You must first determine
the formulas of the hydrates.
a. nickel in nickel(II) acetate tetrahydrate
b. chromium in sodium chromate tetrahydrate
c. cerium in cerium(IV) sulfate tetrahydrate

142. Cinnabar is a mineral that is mined in order to pro-
duce mercury. Cinnabar is mercury(II) sulfide, HgS.
What mass of mercury can be obtained from 50.0 kg
of cinnabar?

143. The minerals malachite, Cu2(OH)2CO3 , and chalcopy-
rite, CuFeS2 , can be mined to obtain copper metal.
How much copper could be obtained from 1.00 �
103 kg of each? Which of the two has the greater cop-
per content?

144. Calculate the percentage of the given element in each
of the following hydrates.
a. vanadium in vanadium oxysulfate dihydrate,

VOSO4•2H2O  
b. tin in potassium stannate trihydrate, K2SnO3•3H2O
c. chlorine in calcium chlorate dihydrate,

CaClO3•2H2O

145. Heating copper sulfate pentahydrate will evaporate
the water from the crystals, leaving anhydrous copper
sulfate, a white powder. Anhydrous means “without
water.” What mass of anhydrous CuSO4 would be pro-
duced by heating 500.0 g of CuSO4•5H2O?

146. Silver metal may be precipitated from a solution of sil-
ver nitrate by placing a copper strip into the solution.
What mass of AgNO3 would you dissolve in water in
order to get 1.00 g of silver?

147. A sample of Ag2S has a mass of 62.4 g. What mass of
each element could be obtained by decomposing this
sample?

148. A quantity of epsom salts, magnesium sulfate heptahy-
drate, MgSO4•7H2O, is heated until all the water is 
driven off. The sample loses 11.8 g in the process.
What was the mass of the original sample?

149. The process of manufacturing sulfuric acid begins with
the burning of sulfur. What mass of sulfur would have
to be burned in order to produce 1.00 kg of H2SO4 ?
Assume that all of the sulfur ends up in the sulfuric
acid.
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Empirical Formulas: Chap. 7, Sec. 4

150. Determine the empirical formula for compounds that
have the following analyses.
a. 28.4% copper, 71.6% bromine 
b. 39.0% potassium, 12.0% carbon, 1.01% hydrogen,

and 47.9% oxygen
c. 77.3% silver, 7.4% phosphorus, 15.3% oxygen
d. 0.57% hydrogen, 72.1% iodine, 27.3% oxygen 

151. Determine the simplest formula for compounds that
have the following analyses. The data may not be exact.
a. 36.2% aluminum and 63.8% sulfur 
b. 93.5% niobium and 6.50% oxygen 
c. 57.6% strontium, 13.8% phosphorus, and 28.6%

oxygen
d. 28.5% iron, 48.6% oxygen, and 22.9% sulfur

152. Determine the molecular formula of each of the fol-
lowing unknown substances.
a. empirical formula CH2

experimental molar mass 28 g/mol
b. empirical formula B2H5

experimental molar mass 54 g/mol
c. empirical formula C2HCl 

experimental molar mass 179 g/mol
d. empirical formula C6H8O 

experimental molar mass 290 g/mol
e. empirical formula C3H2O

experimental molar mass 216 g/mol

Mixed Review
153. Determine the empirical formula for compounds that

have the following analyses.
a. 66.0% barium and 34.0% chlorine
b. 80.38% bismuth, 18.46% oxygen, and 1.16% hydrogen
c. 12.67% aluminum, 19.73% nitrogen, and 67.60%

oxygen
d. 35.64% zinc, 26.18% carbon, 34.88% oxygen, and

3.30% hydrogen
e. 2.8% hydrogen, 9.8% nitrogen, 20.5% nickel, 

44.5% oxygen, and 22.4% sulfur
f. 8.09% carbon, 0.34% hydrogen, 10.78% oxygen,

and 80.78% bromine

154. Sometimes, instead of percentage composition, you
will have the composition of a sample by mass. Using
the actual mass of the sample, determine the empiri-
cal formula for compounds that have the following
analyses.
a. a 0.858 g sample of an unknown substance is com-

posed of 0.537 g of copper and 0.321 g of fluorine
b. a 13.07 g sample of an unknown substance is com-

posed of 9.48 g of barium, 1.66 g of carbon, and 
1.93 g of nitrogen

c. a 0.025 g sample of an unknown substance is com-
posed of 0.0091 g manganese, 0.0106 g oxygen, and
0.0053 g sulfur

155. Determine the empirical formula for compounds that
have the following analyses.
a. a 0.0082 g sample contains 0.0015 g of nickel and

0.0067 g of iodine

b. a 0.470 g sample contains 0.144 g of manganese, 
0.074 g of nitrogen, and 0.252 g of oxygen

c. a 3.880 g sample contains 0.691 g of magnesium,
1.824 g of sulfur, and 1.365 g of oxygen

d. a 46.25 g sample contains 14.77 g of potassium, 
9.06 g of oxygen, and 22.42 g of tin

156. Determine the empirical formula for compounds that
have the following analyses:
a. 60.9% As and 39.1% S
b. 76.89% Re and 23.12% O
c. 5.04% H, 35.00% N, and 59.96% O
d. 24.3% Fe, 33.9% Cr, and 41.8% O
e. 54.03% C, 37.81% N, and 8.16% H
f. 55.81% C, 3.90% H, 29.43% F, and 10.85% N

157. Determine the molecular formulas for compounds
having the following empirical formulas and molar
masses.
a. C2H4S; experimental molar mass 179
b. C2H4O; experimental molar mass 176
c. C2H3O2 ; experimental molar mass 119
d. C2H2O, experimental molar mass 254

158. Use the experimental molar mass to determine the
molecular formula for compounds having the follow-
ing analyses.
a. 41.39% carbon, 3.47% hydrogen, and 55.14% oxy-

gen; experimental molar mass 116.07
b. 54.53% carbon, 9.15% hydrogen, and 36.32% oxy-

gen; experimental molar mass 88
c. 64.27% carbon, 7.19% hydrogen, and 28.54% oxy-

gen; experimental molar mass 168.19

159. A 0.400 g sample of a white powder contains 0.141 g
of potassium, 0.115 g of sulfur, and 0.144 g of oxygen.
What is the empirical formula for the compound? 

160. A 10.64 g sample of a lead compound is analyzed and
found to be made up of 9.65 g of lead and 0.99 g of
oxygen. Determine the empirical formula for this com-
pound.

161. A 2.65 g sample of a salmon-colored powder contains
0.70 g of chromium, 0.65 g of sulfur, and 1.30 g of oxy-
gen. The molar mass is 392.2. What is the formula of
the compound?

162. Ninhydrin is a compound that reacts with amino acids
and proteins to produce a dark-colored complex. It is
used by forensic chemists and detectives to see finger-
prints that might otherwise be invisible. Ninhydrin’s
composition is 60.68% carbon, 3.40% hydrogen, and
35.92% oxygen. What is the empirical formula for nin-
hydrin?

163. Histamine is a substance that is released by cells in
response to injury, infection, stings, and materials that
cause allergic responses, such as pollen. Histamine 
causes dilation of blood vessels and swelling due to
accumulation of fluid in the tissues. People sometimes
take antihistamine drugs to counteract the effects of
histamine. A sample of histamine having a mass of 
385 mg is composed of 208 mg of carbon, 31 mg of
hydrogen, and 146 mg of nitrogen. The molar mass of
histamine is 111 g/mol. What is the molecular formula
for histamine?
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164. You analyze two substances in the laboratory and dis-
cover that each has the empirical formula CH2O. You
can easily see that they are different substances
because one is a liquid with a sharp, biting odor and
the other is an odorless, crystalline solid. How can you
account for the fact that both have the same empirical
formula?   

Stoichiometry: Chap. 9, Sec. 1–2

165. How many moles of sodium will react with water to
produce 4.0 mol of hydrogen in the following reac-
tion?

2Na(s) � 2H2O(l) → 2NaOH(aq) � H2(g)

166. How many moles of lithium chloride will be formed
by the reaction of chlorine with 0.046 mol of lithium
bromide in the following reaction? 

2LiBr(aq) � Cl2(g) → 2LiCl(aq) � Br2(l)

167. Aluminum will react with sulfuric acid in the following
reaction. 

2Al(s) � 3H2SO4(l) → Al2(SO4)3(aq) � 3H2(g)

a. How many moles of H2SO4 will react with 18 mol
Al?

b. How many moles of each product will be produced? 

168. Propane burns in excess oxygen according to the fol-
lowing reaction.

C3H8 � 5O2 → 3CO2 � 4H2O

a. How many moles each of CO2 and H2O are formed
from 3.85 mol of propane? 

b. If 0.647 mol of oxygen are used in the burning of
propane, how many moles each of CO2 and H2O
are produced? How many moles of C3H8 are con-
sumed?

169. Phosphorus burns in air to produce a phosphorus
oxide in the following reaction:

4P(s) � 5O2(g) → P4O10(s)

a. What mass of phosphorus will be needed to pro-
duce 3.25 mol of P4O10? 

b. If 0.489 mol of phosphorus burns, what mass of 
oxygen is used? What mass of P4O10 is produced?

170. Hydrogen peroxide breaks down, releasing oxygen, in
the following reaction.

2H2O2(aq) → 2H2O(l) � O2(g) 

a. What mass of oxygen is produced when 1.840 mol
of H2O2 decompose? 

b. What mass of water is produced when 5.0 mol O2 is
produced by this reaction?

171. Sodium carbonate reacts with nitric acid according to
the following equation:

Na2CO3(s) � 2HNO3 → 2NaNO3 � CO2 � H2O 

a. How many moles of Na2CO3 are required to pro-
duce 100.0 g of NaNO3? 

b. If 7.50 g of Na2CO3 reacts, how many moles of CO2
are produced?

172. Hydrogen is generated by passing hot steam over iron,
which oxidizes to form Fe3O4 , in the following equa-
tion:

3Fe(s) � 4H2O(g) → 4H2(g) � Fe3O4(s) 

a. If 625 g of Fe3O4 is produced in the reaction, how
many moles of hydrogen are produced at the 
same time?

b. How many moles of iron would be needed to gener-
ate 27 g of hydrogen?

173. Calculate the mass of silver bromide produced from
22.5 g of silver nitrate in the following reaction:
2AgNO3(aq) � MgBr2(aq) →

2AgBr(s) � Mg(NO3)2(aq) 

174. What mass of acetylene, C2H2, will be produced from
the reaction of 90. g of calcium carbide, CaC2, with
water in the following reaction? 

CaC2(s) � 2H2O(l) → C2H2(g) � Ca(OH)2(s)

175. Chlorine gas can be produced in the laboratory by
adding concentrated hydrochloric acid to
manganese(IV) oxide in the following 
reaction: 
MnO2(s) � 4HCl(aq) →

MnCl2(aq) � 2H2O(l) � Cl2(g)

a. Calculate the mass of MnO2 needed to produce
25.0 g of Cl2. 

b. What mass of MnCl2 is produced when 0.091 g of
Cl2 is generated? 

Mixed Review
176. How many moles of ammonium sulfate can be made

from the reaction of 30.0 mol of NH3 with H2SO4 accord-
ing to the following equation:

2NH3 � H2SO4 → (NH4)2SO4

177. In a very violent reaction called a thermite reaction,
aluminum metal reacts with iron(III) oxide to form
iron metal and aluminum oxide according to the fol-
lowing equation:

Fe2O3 � 2Al → 2Fe � Al2O3

a. What mass of Al will react with 150 g of Fe2O3?
b. If 0.905 mol Al2O3 is produced in the reaction, what

mass of Fe is produced?
c. How many moles of Fe2O3 will react with 99.0 g of

Al? 

178. The reaction N2(g) � 3H2(g) → 2NH3(g) is used to
produce ammonia commercially. If 1.40 g of N2 are
used in the reaction, how many grams of H2 will be
needed?

179. What mass of sulfuric acid, H2SO4 , is required to react
with 1.27 g of potassium hydroxide, KOH? The prod-
ucts of this reaction are potassium sulfate and water. 

180. Ammonium hydrogen phosphate, (NH4)2HPO4 , a
common fertilizer; is made from reacting phosphoric
acid, H3PO4 , with ammonia.
a. Write the equation for this reaction.
b. If 10.00 g of ammonia react, how many moles of

fertilizer will be produced?
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c. What mass of ammonia will react with 2800 kg of
H3PO4 ?

181. The following reaction shows the synthesis of zinc cit-
rate, a ingredient in toothpaste, from zinc carbonate
and citric acid:
3ZnCO3(s) � 2C6H8O7(aq) →

Zn3(C6H5O7)2(aq) � 3H2O(l) � 3CO2(g)

a. How many moles of ZnCO3 and C6H8O7 are
required to produce 30.0 mol of Zn3(C6H5O7)2?

b. What quantities, in kilograms, of H2O and CO2 are
produced by the reaction of 500. mol of citric acid?

182. Methyl butanoate, an oily substance with a strong
fruity fragrance can be made by reacting butanoic acid
with methanol according to the following equation:

C3H7COOH � CH3OH → C3H7COOCH3 � H2O

a. What mass of methyl butanoate is produced from
the reaction of 52.5 g of butanoic acid?

b. In order to purify methyl butanoate, water must be
removed. What mass of water is produced from the
reaction of 5800. g of methanol?

183. Ammonium nitrate decomposes to yield nitrogen gas,
water, and oxygen gas in the following reaction:

2NH4NO3 → 2N2 � O2 � 4H2O

a. How many moles of nitrogen gas are produced
when 36.0 g of NH4NO3 reacts?

b. If 7.35 mol of H2O are produced in this reaction,
what mass of NH4NO3 reacted?

184. Lead(II) nitrate reacts with potassium iodide to pro-
duce lead(II) iodide and potassium nitrate. If 1.23 mg
of lead nitrate are consumed, what is the mass of the
potassium nitrate produced?

185. A car battery produces electrical energy with the fol-
lowing chemical reaction:
Pb(s) � PbO2(s) � 2H2SO4(aq) →

2PbSO4(s) � 2H2O(l)

If the battery loses 0.34 kg of lead in this reaction,
how many moles of lead(II) sulfate are produced?

186. In a space shuttle, the CO2 that the crew exhales is
removed from the air by a reaction within canisters of
lithium hydroxide. On average, each astronaut exhales
about 20.0 mol of CO2 daily. What mass of water will
be produced when this amount reacts with LiOH? The
other product of the reaction is Li2CO3. 

187. Water is sometimes removed from the products of a
reaction by placing them in a closed container with
excess P4O10 . Water is absorbed by the following reac-
tion:

P4O10 � 6H2O → 4H3PO4

a. What mass of water can be absorbed by 1.00 �
102 g of P4O10 ?

b. If the P4O10 in the container absorbs 0.614 mol of
water, what mass of H3PO4 is produced?

c. If the mass of the container of P4O10 increases from
56.64 g to 63.70 g, how many moles of water are
absorbed?

188. Ethanol, C2H5OH, is considered a clean fuel because
it burns in oxygen to produce carbon dioxide and

water with few trace pollutants. If 95.0 g of H2O are
produced during the combustion of ethanol, how
many grams of ethanol were present at the beginning
of the reaction?

189. Sulfur dioxide is one of the major contributors to acid
rain. Sulfur dioxide can react with oxygen and water in
the atmosphere to form sulfuric acid, as shown in the
following equation: 

2H2O(l) � O2(g) � 2SO2(g) → 2H2SO4(aq)

If 50.0 g of sulfur dioxide from pollutants reacts with
water and oxygen found in the air, how many grams of
sulfuric acid can be produced? How many grams of
oxygen are used in the process?

190. When heated, sodium bicarbonate, NaHCO3 , decom-
poses into sodium carbonate, Na2CO3 , water, and car-
bon dioxide. If 5.00 g of NaHCO3 decomposes, what is
the mass of the carbon dioxide produced?

191. A reaction between hydrazine, N2H4 , and dinitrogen
tetroxide, N2O4 , has been used to launch rockets into
space. The reaction produces nitrogen gas and water
vapor.
a. Write a balanced chemical equation for this reaction.
b. What is the mole ratio of N2O4 to N2?
c. How many moles of N2 will be produced if 

20 000 mol of N2H4 are used by a rocket?
d. How many grams of H2O are made when 450. kg of

N2O4 are consumed?

192. Joseph Priestley is credited with the discovery of oxy-
gen. He produced O2 by heating mercury(II) oxide,
HgO, to decompose it into its elements. How many
moles of oxygen could Priestley have produced if he
had decomposed 517.84 g of mercury oxide?

193. Iron(III) chloride, FeCl3 , can be made by the reaction
of iron with chlorine gas. How much iron, in grams,
will be needed to completely react with 58.0 g of Cl2?

194. Sodium sulfide and cadmium nitrate undergo a 
double-displacement reaction as shown by the follow-
ing equation:

Na2S � Cd(NO3)2 → 2NaNO3 � CdS

What is the mass, in milligrams, of cadmium sulfide
that can be made from 5.00 mg of sodium sulfide?

195. Potassium permanganate and glycerin react explo-
sively according to the following equation: 
14KMnO4 � 4C3H5(OH)3 →

7K2CO3 � 7Mn2O3 � 5CO2 � 16H2O

a. How many moles of carbon dioxide can be pro-
duced from 4.44 mol of KMnO4?

b. If 5.21 g of H2O are produced, how many moles of
glycerin, C3H5(OH)3 , were used?

c. If 3.39 mol of potassium carbonate are made, how
many grams of manganese(III) oxide are also
made?

d. How many grams of glycerin will be needed to react
with 50.0 g of KMnO4? How many grams of CO2
will be produced in the same reaction?

196. Calcium carbonate found in limestone and marble
reacts with hydrochloric acid to form calcium chloride,

A P P E N D I X  D 891



carbon dioxide, and water according to the following
equation:

CaCO3(s) � 2HCl(aq) →
CaCl2(aq) � CO2(g) � H2O(l) 

a. What mass of HCl will be needed to produce 5.00 �
103 kg of CaCl2?

b. What mass of CO2 could be produced from the
reaction of 750 g of CaCO3?

197. The fuel used to power the booster rockets on the
space shuttle is a mixture of aluminum metal and
ammonium perchlorate. The following balanced equa-
tion represents the reaction of these two ingredients:
3Al(s) � 3NH4ClO4(s) →

Al2O3(s) +AlCl3(g) � 3NO(g) � 6H2O(g) 

a. If 1.50 � 105 g of Al react, what mass of NH4ClO4,
in grams, is required?

b. If aluminum reacts with 620 kg of NH4ClO4 , what
mass of nitrogen monoxide is produced?

198. Phosphoric acid is typically produced by the action of
sulfuric acid on rock that has a high content of calcium
phosphate according to the following equation:
3H2SO4 � Ca3(PO4)2 � 6H2O →

3[CaSO4•2H2O] � 2H3PO4

a. If 2.50 � 105 kg of H2SO4 react, how many moles of
H3PO4 can be made?

b. What mass of calcium sulfate dihydrate is produced
by the reaction of 400. kg of calcium phosphate?

c. If the rock being used contains 78.8% Ca3(PO4)2 ,
how many metric tons of H3PO4 can be produced
from 68 metric tons of rock?

199. Rusting of iron occurs in the presence of moisture
according to the following equation:

4Fe(s) � 3O2(g) → 2Fe2O3(s) 
Suppose that 3.19% of a heap of steel scrap with a
mass of 1650 kg rusts in a year. What mass will the
heap have after one year of rusting?

Limiting Reactants: Chap. 9, Sec. 3

200. Aluminum oxidizes according to the following equation: 
4Al � 3O2 → 2Al2O3

Powdered Al (0.048 mol) is placed into a container 
containing 0.030 mol O2 . What is the limiting 
reactant?

201. A process by which zirconium metal can be produced
from the mineral zirconium(IV) orthosilicate, ZrSiO4 ,
starts by reacting it with chlorine gas to form zirconi-
um(IV) chloride:

ZrSiO4 � 2Cl2 → ZrCl4 � SiO2 � O2

What mass of ZrCl4 can be produced if 862 g of
ZrSiO4 and 950. g of Cl2 are available? You must first
determine the limiting reactant.

Mixed Review
202. Heating zinc sulfide in the presence of oxygen yields

the following:
ZnS � O2 → ZnO � SO2

If 1.72 mol of ZnS is heated in the presence of 
3.04 mol of O2 , which reactant will be used up?
Balance the equation first.

203. Use the following equation for the oxidation of alu-
minum in the following problems:

4Al � 3O2 → 2Al2O3

a. Which reactant is limiting if 0.32 mol Al and 
0.26 mol O2 are available?

b. How many moles of Al2O3 are formed from the
reaction of 6.38 � 10�3 mol of O2 and 9.15 �
10�3 mol of Al?

c. If 3.17 g of Al and 2.55 g of O2 are available, which
reactant is limiting?

204. In the production of copper from ore containing cop-
per(II) sulfide, the ore is first roasted to change it to
the oxide according to the following equation:

2CuS � 3O2 → 2CuO � 2SO2

a. If 100 g of CuS and 56 g of O2 are available, which
reactant is limiting?

b. What mass of CuO can be formed from the reaction
of 18.7 g of CuS and 12.0 g of O2?

205. A reaction such as the one shown here is often used to
demonstrate a single-displacement reaction:

3CuSO4(aq) � 2Fe(s) → 3Cu(s) � Fe2(SO4)3(aq)

If you place 0.092 mol of iron filings in a solution con-
taining 0.158 mol of CuSO4, what is the limiting re-
actant? How many moles of Cu will be formed?

206. In the reaction BaCO3 � 2HNO3 → Ba(NO3)2 �
CO2 � H2O, what mass of Ba(NO3)2 can be formed
by combining 55 g BaCO3 and 26 g HNO3?

207. Bromine replaces iodine in magnesium iodide by the
following process:

MgI2 � Br2 → MgBr2 � I2

a. Which is the excess reactant when 560 g of MgI2
and 360 g of Br2 react, and what mass remains?

b. What mass of I2 is formed in the same process?

208. Nickel replaces silver from silver nitrate in solution
according to the following equation:

2AgNO3 � Ni → 2Ag � Ni(NO3)2

a. If you have 22.9 g of Ni and 112 g of AgNO3 , which
reactant is in excess?

b. What mass of nickel(II) nitrate would be produced
given the quantities above?

209. Carbon disulfide, CS2 , is an important industrial sub-
stance. Its fumes can burn explosively in air to form
sulfur dioxide and carbon dioxide:

CS2(g) � O2(g) → SO2(g) � CO2(g)
If 1.60 mol of CS2 burns with 5.60 mol of O2 , how
many moles of the excess reactant will still be present
when the reaction is over?

210. Although poisonous, mercury compounds were once
used to kill bacteria in wounds and on the skin. One was
called “ammoniated mercury” and is made from mer-
cury(II) chloride according to the following equation:
HgCl2(aq) � 2NH3(aq) →

Hg(NH2)Cl(s) � NH4Cl(aq)
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a. What mass of Hg(NH2)Cl could be produced from
0.91 g of HgCl2 assuming plenty of ammonia is
available?

b. What mass of Hg(NH2)Cl could be produced from
0.91 g of HgCl2 and 0.15 g of NH3 in solution?

211. Aluminum chips are sometimes added to sodium
hydroxide-based drain cleaners because they react to
generate hydrogen gas which bubbles and helps loosen
material in the drain. The equation follows:
Al(s) � NaOH(aq) � H2O(l) → NaAlO2(aq) � H2(g)

a. Balance the equation.
b. How many moles of H2 can be generated from 

0.57 mol Al and 0.37 mol NaOH in excess water?
c. Which reactant should be limiting in order for the

mixture to be most effective as a drain cleaner?
Explain your choice.

212. Copper is changed to copper(II) ions by nitric acid
according to the following equation:

4HNO3 � Cu → Cu(NO3)2 � 2NO2 � 2H2O

a. How many moles each of HNO3 and Cu must react
in order to produce 0.0845 mol of NO2?

b. If 5.94 g of Cu and 23.23 g of HNO3 are combined,
which reactant is in excess?

213. One industrial process for producing nitric acid begins
with the following reaction:

4NH3 � 5O2 → 4NO � 6H2O

a. If 2.90 mol NH3 and 3.75 mol O2 are available, how
many moles of each product are formed?

b. Which reactant is limiting if 4.20 � 104 g of NH3
and 1.31 � 105 g of O2 are available?

c. What mass of NO is formed in the reaction of 
869 kg of NH3 and 2480 kg O2?

214. Acetaldehyde, CH3CHO, is manufactured by the reac-
tion of ethanol with copper(II) oxide according to the
following equation:

CH3CH2OH � CuO → CH3CHO � H2O � Cu

What mass of acetaldehyde can be produced by the
reaction between 620 g of ethanol and 1020 g of CuO?
What mass of which reactant will be left over?

215. Hydrogen bromide can be produced by a reaction
among bromine, sulfur dioxide, and water as follows:

SO2 � Br2 � H2O → 2HBr � H2SO4

If 250 g of SO2 and 650 g of Br2 react in the presence
of excess water, what mass of HBr will be formed?

216. Sulfur dioxide can be produced in the laboratory by
the reaction of hydrochloric acid and a sulfite salt such
as sodium sulfite:

Na2SO3 � 2HCl → 2NaCl � SO2 � H2O

What mass of SO2 can be made from 25.0 g of Na2SO3
and 22.0 g of HCl?

217. The rare-earth metal terbium is produced from ter-
bium(III) fluoride and calcium metal by the following
single-displacement reaction:

2TbF3 � 3Ca → 3CaF2 � 2Tb

a. Given 27.5 g of TbF3 and 6.96 g of Ca, how many
grams of terbium could be produced?

b. How many grams of the excess reactant is left over?

Percentage Yield: Chap. 9, Sec. 3

218. Calculate the percentage yield in each of the following
cases.
a. theoretical yield is 50.0 g of product; actual yield is

41.9 g
b. theoretical yield is 290 kg of product; actual yield is

270 kg
c. theoretical yield is 6.05 � 104 kg of product; actual

yield is 4.18 � 104 kg
d. theoretical yield is 0.00192 g of product; actual yield

is 0.00089 g

219. In the commercial production of the element arsenic,
arsenic(III) oxide is heated with carbon, which
reduces the oxide to the metal according to the follow-
ing equation:

2As2O3 � 3C → 3CO2 � 4As

a. If 8.87 g of As2O3 is used in the reaction and 5.33 g
of As is produced, what is the percentage yield?

b. If 67 g of carbon is used up in a different reaction
and 425 g of As is produced, calculate the percent-
age yield of this reaction.

Mixed Review
220. Ethyl acetate is a sweet-smelling solvent used in var-

nishes and fingernail-polish remover. It is produced
industrially by heating acetic acid and ethanol together
in the presence of sulfuric acid, which is added to speed
up the reaction. The ethyl acetate is distilled off as it is
formed. The equation for the process is as follows:

acetic acid ethanol
H2SO4CH3COOH � CH3CH2OH ⎯⎯→

ethyl acetate
CH3COOCH2CH3 � H2O

Determine the percentage yield in the following cases.
a. 68.3 g of ethyl acetate should be produced but only

43.9 g is recovered.
b. 0.0419 mol of ethyl acetate is produced but 

0.0722 mol is expected. (Hint: Percentage yield can
also be calculated by dividing the actual yield in
moles by the theoretical yield in moles.)

c. 4.29 mol of ethanol is reacted with excess acetic
acid, but only 2.98 mol of ethyl acetate is produced.

d. A mixture of 0.58 mol ethanol and 0.82 mol acetic
acid is reacted and 0.46 mol ethyl acetate is pro-
duced. (Hint: What is the limiting reactant?)

221. Assume the following hypothetical reaction takes
place:

2A � 7B → 4C � 3D

Calculate the percentage yield in each of the following
cases.
a. The reaction of 0.0251 mol of A produces 

0.0349 mol of C.
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b. The reaction of 1.19 mol of A produces 1.41 mol of D.
c. The reaction of 189 mol of B produces 39 mol of D.
d. The reaction of 3500 mol of B produces 1700 mol 

of C.

222. Elemental phosphorus can be produced by heating
calcium phosphate from rocks with silica sand (SiO2)
and carbon in the form of coke. The following reac-
tion takes place:

Ca3(PO4)2 � 3SiO2 � 5C → 3CaSiO3 � 2P � 5CO

a. If 57 mol of Ca3(PO4)2 is used and 101 mol of
CaSiO3 is obtained, what is the percentage yield?

b. Determine the percentage yield obtained if 
1280 mol of carbon is consumed and 622 mol of
CaSiO3 is produced.

c. The engineer in charge of this process expects a
yield of 81.5%. If 1.4 � 105 mol of Ca3(PO4)2 is
used, how many moles of phosphorus will be pro-
duced?

223. Tungsten (W) can be produced from its oxide by
reacting the oxide with hydrogen at a high tempera-
ture according to the following equation:

WO3 � 3H2 → W � 3H2O

a. What is the percentage yield if 56.9 g of WO3 yields 
41.4 g of tungsten?

b. How many moles of tungsten will be produced from
3.72 g of WO3 if the yield is 92.0%?

c. A chemist carries out this reaction and obtains 
11.4 g of tungsten. If the percentage yield is 89.4%, 
what mass of WO3 was used?

224. Carbon tetrachloride, CCl4 , is a solvent that was once
used in large quantities in dry cleaning. Because it is a
dense liquid that does not burn, it was also used in fire
extinguishers. Unfortunately, its use was discontinued
because it was found to be a carcinogen. It was manu-
factured by the following reaction:

CS2 � 3Cl2 → CCl4 � S2Cl2
The reaction was economical because the byproduct
disulfur dichloride, S2Cl2 , could be used by industry 
in the manufacture of rubber products and other 
materials.
a. What is the percentage yield of CCl4 if 719 kg is

produced from the reaction of 410. kg of CS2?
b. If 67.5 g of Cl2 are used in the reaction and 39.5 g of

S2Cl2 is produced, what is the percentage yield?
c. If the percentage yield of the industrial process is

83.3%, how many kilograms of CS2 should be react-
ed to obtain 5.00 � 104 kg of CCl4? How many kilo-
grams of S2Cl2 will be produced, assuming the same
yield for that product?

225. Nitrogen dioxide, NO2 , can be converted to dinitro-
gen pentoxide, N2O5 , by reacting it with ozone, O3 .
The reaction of NO2 takes place according to the fol-
lowing equation:

2NO2(g) � O3(g) → N2O5(s or g) � O2(g)

a. Calculate the percentage yield for a reaction in which
0.38 g of NO2 reacts and 0.36 g of N2O5 is recovered.

b. What mass of N2O5 will result from the reaction of 
6.0 mol of NO2 if there is a 61.1% yield in the reaction?

226. In the past, hydrogen chloride, HCl, was made using
the salt-cake method as shown in the following equa-
tion:

2NaCl(s) � H2SO4(aq) → Na2SO4(s) � 2HCl(g)

If 30.0 g of NaCl and 0.250 mol of H2SO4 are avail-
able, and 14.6 g of HCl is made, what is the percent-
age yield?

227. Cyanide compounds such as sodium cyanide, NaCN,
are especially useful in gold refining because they will
react with gold to form a stable compound that can
then be separated and broken down to retrieve the
gold. Ore containing only small quantities of gold can
be used in this form of “chemical mining.” The equa-
tion for the reaction follows:
4Au � 8NaCN � 2H2O � O2 →

4NaAu(CN)2 � 4NaOH

a. What percentage yield is obtained if 410 g of gold
produces 540 g of NaAu(CN)2?

b. Assuming a 79.6% yield in the conversion of gold
to NaAu(CN)2 , what mass of gold would produce 
1.00 kg of NaAu(CN)2?

c. Given the conditions in (b), what mass of gold ore
that is 0.001% gold would be needed to produce 
1.00 kg of NaAu(CN)2?

228. Diiodine pentoxide is useful in devices such as respira-
tors because it reacts with the dangerous gas carbon
monoxide, CO, to produce relatively harmless CO2
according to the following equation:

I2O5 � 5CO → I2 � 5CO2

a. In testing a respirator, 2.00 g of carbon monoxide gas
is passed through diiodine pentoxide. Upon analyz-
ing the results, it is found that 3.17 g of I2 was pro-
duced. Calculate the percentage yield of the reaction.

b. Assuming that the yield in (a) resulted because
some of the CO did not react, calculate the mass of
CO that passed through.

229. Sodium hypochlorite, NaClO, the main ingredient in
household bleach, is produced by bubbling chlorine
gas through a strong lye (sodium hydroxide, NaOH)
solution. The following equation shows the reaction
that occurs:

2NaOH(aq) � Cl2(g) →
NaCl(aq) � NaClO(aq) � H2O(l)

a. What is the percentage yield of the reaction if 
1.2 kg of Cl2 reacts to form 0.90 kg of NaClO?

b. If a plant operator wants to make 25 metric tons of
NaClO per day at a yield of 91.8%, how many met-
ric tons of chlorine gas must be on hand each day?

c. What mass of NaCl is formed per mole of chlorine
gas at a yield of 81.8%?

d. At what rate in kg per hour must NaOH be replen-
ished if the reaction produces 370 kg/h of NaClO at
a yield of 79.5%? Assume that all of the NaOH
reacts to produce this yield.

230. Magnesium burns in oxygen to form magnesium
oxide. However, when magnesium burns in air, which
is only about one-fifth oxygen, side reactions form
other products, such as magnesium nitride, Mg3N2. 
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a. Write a balanced equation for the burning of mag-
nesium in oxygen.

b. If enough magnesium burns in air to produce 2.04 g
of magnesium oxide but only 1.79 g is obtained,
what is the percentage yield?

c. Magnesium will react with pure nitrogen to form
the nitride, Mg3N2 . Write a balanced equation for
this reaction.

d. If 0.097 mol of Mg react with nitrogen and 
0.027 mol of Mg3N2 is produced, what is the 
percentage yield of the reaction?

231. Some alcohols can be converted to organic acids by
using sodium dichromate and sulfuric acid. The fol-
lowing equation shows the reaction of 1-propanol to
propanoic acid:

3CH3CH2CH2OH � 2Na2Cr2O7 � 8H2SO4 →
3CH3CH2COOH � 2Cr2(SO4)3 � 2Na2SO4 � 11H2O

a. If 0.89 g of 1-propanol reacts and 0.88 g of propanoic
acid is produced, what is the percentage yield?

b. A chemist uses this reaction to obtain 1.50 mol of
propanoic acid. The reaction consumes 136 g of
propanol. Calculate the percentage yield.

c. Some 1-propanol of uncertain purity is used in the
reaction. If 116 g of Na2Cr2O7 are consumed in the
reaction and 28.1 g of propanoic acid are produced,
what is the percentage yield?

232. Acrylonitrile, C3H3N(g), is an important ingredient in
the production of various fibers and plastics.
Acrylonitrile is produced from the following reaction:
C3H6(g) � NH3(g) � O2(g) → C3H3N(g) � H2O(g)

If 850. g of C3H6 is mixed with 300. g of NH3 and
unlimited O2, to produce 850. g of acrylonitrile, what
is the percentage yield? You must first balance the
equation.

233. Methanol, CH3OH, is frequently used in race cars as
fuel. It is produced as the sole product of the combina-
tion of carbon monoxide gas and hydrogen gas. 
a. If 430. kg of hydrogen react, what mass of methanol

could be produced?
b. If 3.12 � 103 kg of methanol are actually produced,

what is the percentage yield?

234. The compound, C6H16N2 , is one of the starting materi-
als in the production of nylon. It can be prepared from
the following reaction involving adipic acid, C6H10O4 :
C6H10O4(l) � 2NH3(g) � 4H2(g) →

C6H16N2(l) � 4H2O

What is the percentage yield if 750. g of adipic acid
results in the production of 578 g of C6H16N2?

235. Plants convert carbon dioxide to oxygen during photo-
synthesis according to the following equation:

CO2 � H2O → C6H12O6 � O2

Balance this equation, and calculate how much oxygen
would be produced if 1.37 � 104 g of carbon dioxide
reacts with a percentage yield of 63.4%.

236. Lime, CaO, is frequently added to streams and lakes
which have been polluted by acid rain. The calcium

oxide reacts with the water to form a base that can
neutralize the acid as shown in the following reaction:

CaO(s) � H2O(l) → Ca(OH)2(s)

If 2.67 � 102 mol of base are needed to neutralize the
acid in a lake, and the above reaction has a percentage
yield of 54.3%, what is the mass, in kilograms, of lime
that must be added to the lake?

Gas Laws: Chap. 11, Sec. 2
Boyle’s Law

In each of the following problems, assume that the
temperature and molar quantity of gas do not
change.

237. Calculate the unknown quantity in each of the follow-
ing measurements of gases.
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P1 V1 P2 V2

a. 3.0 atm 25 mL 6.0 atm ? mL

b. 99.97 kPa 550. mL ? kPa 275 mL

c. 0.89 atm ? L 3.56 atm 20.0 L

d. ? kPa 800. mL 500. kPa 160. mL

e. 0.040 atm ? L 250 atm 1.0 � 10�2 L

V1 T1 V2 T2

a. 40.0 mL 280. K ? mL 350. K

b. 0.606 L 300. K 0.404 L ? K

c. ? mL 292 K 250. mL 365 K

d. 100. mL ? K 125 mL 305 K

e. 0.0024 L 22°C ? L �14°C

238. A sample of neon gas occupies a volume of 2.8 L at
1.8 atm. What will its volume be at 1.2 atm?

239. To what pressure would you have to compress 48.0 L
of oxygen gas at 99.3 kPa in order to reduce its vol-
ume to 16.0 L?

240. A chemist collects 59.0 mL of sulfur dioxide gas on a
day when the atmospheric pressure is 0.989 atm. On
the next day, the pressure has changed to 0.967 atm.
What will the volume of the SO2 gas be on the second
day?

241. 2.2 L of hydrogen at 6.5 atm pressure is used to fill a
balloon at a final pressure of 1.15 atm. What is its final
volume?

Charles’s Law
In each of the following problems, assume that the
pressure and molar quantity of gas do not change.

242. Calculate the unknown quantity in each of the follow-
ing measurements of gases:



A P P E N D I X  D896

has displaced a volume of 15 mL of water is 207.33 kPa.
What is the pressure of the H2S gas collected?

In each of the following problems, assume that the
molar quantity of gas does not change.

251. Some hydrogen is collected over water at 10°C and
105.5 kPa pressure. The total volume of the sample
was 1.93 L. Calculate the volume of the hydrogen cor-
rected to STP.

252. One student carries out a reaction that gives off
methane gas and obtains a total volume by water dis-
placement of 338 mL at a temperature of 19°C and a
pressure of 0.9566 atm. Another student does the
identical experiment on another day at a temperature
of 26°C and a pressure of 0.989 atm. Which student
collected more CH4?

Mixed Review
In each of the following problems, assume that the
molar quantity of gas does not change.

253. Calculate the unknown quantity in each of the follow-
ing measurements of gases.

V1 T1 V2 T2

a. 26.5 mL ? K 32.9 mL 290. K

b. ? dm3 100.°C 0.83 dm3 29°C

c. 7.44 � 104 mm3 870.°C 2.59 � 102 mm3 ? °C

d. 5.63 � 10�2 L 132 K ? L 190. K

e. ? cm3 243 K 819 cm3 409 K

f. 679 m3 �3°C ? m3 �246°C

243. A balloon full of air has a volume of 2.75 L at a tem-
perature of 18°C. What is the balloon’s volume at
45°C? 

244. A sample of argon has a volume of 0.43 mL at 24°C.
At what temperature in degrees Celsius will it have a
volume of 0.57 mL?

Gay-Lussac’s Law
In each of the following problems, assume that the
volume and molar quantity of gas do not change.

245. Calculate the unknown quantity in each of the follow-
ing measurements of gases.

246. A cylinder of compressed gas has a pressure of 4.882
atm on one day. The next day, the same cylinder of gas
has a pressure of 4.690 atm, and its temperature is
8°C. What was the temperature on the previous day in
°C?

247. A mylar balloon is filled with helium gas to a pressure
of 107 kPa when the temperature is 22°C. If the tem-
perature changes to 45°C, what will be the pressure of
the helium in the balloon? 

The Combined Gas Law
In each of the following problems, it is assumed
that the molar quantity of gas does not change.

248. Calculate the unknown quantity in each of the follow-
ing measurements of gases.

P1 T1 P2 T2

a. 1.50 atm 273 K ? atm 410 K

b. 0.208 atm 300. K 0.156 atm ? K

c. ? kPa 52°C 99.7 kPa 77°C

d. 5.20 atm ?°C 4.16 atm �13°C

e. 8.33 � 10�4 �84°C 3.92 � 10�3 ? °C
atm atm

P1 V1 P2 V2

a. 127.3 kPa 796 cm3 ? kPa 965 cm3

b. 7.1 � 102 atm ? mL 9.6 � 10�1 atm 3.7 � 103 mL

c. ? kPa 1.77 L 30.79 kPa 2.44 L

d. 114 kPa 2.93 dm3 4.93 � 104 kPa ? dm3

e. 1.00 atm 120. mL ? atm 97.0 mL

f. 0.77 atm 3.6 m3 1.90 atm ? m3

P1 V1 T1 P2 V2 T2

a. 99.3 225 mL 15°C 102.8 ? mL 24°C
kPa kPa

b. 0.959 3.50 L 45°C ? atm 3.70 L 37°C
atm

c. 0.0036 62 mL 373 K 0.0029 64 mL ? K
atm atm

d. 100. 43.2 mL 19°C 101.3 ? mL 0°C
kPa kPa

249. A student collects 450. mL of HCl(g) hydrogen chloride
gas at a pressure of 100. kPa and a temperature of 17°C.
What is the volume of the HCl at 0°C and 101.3 kPa?

Dalton’s Law of Partial Pressures
250. A chemist collects a sample of H2S(g) over water at a

temperature of 27°C. The total pressure of the gas that

254. A gas cylinder contains 0.722 m3 of hydrogen gas at a
pressure of 10.6 atm. If the gas is used to fill a balloon
at a pressure of 0.96 atm, what is the volume in m3 of
the filled balloon?

255. A weather balloon has a maximum volume of 7.50 �
103 L. The balloon contains 195 L of helium gas at a
pressure of 0.993 atm. What will be the pressure when
the balloon is at maximum volume?

256. A rubber ball contains 5.70 � 10�1 dm3 of gas at a
pressure of 1.05 atm. What volume will the gas occupy
at 7.47 atm?

257. Calculate the unknown quantity in each of the follow-
ing measurements of gases.



258. A bubble of carbon dioxide gas in some unbaked
bread dough has a volume of 1.15 cm3 at a tempera-
ture of 22°C. What volume will the bubble have when
the bread is baked and the bubble reaches a tempera-
ture of 99°C?

259. A perfectly elastic balloon contains 6.75 dm3 of air at
a temperature of 40.°C. What is the temperature if the
balloon has a volume of 5.03 dm3?

260. Calculate the unknown quantity in each of the follow-
ing measurements of gases.

266. Hydrogen gas is collected by water displacement.
Total volume collected is 0.461 L at a temperature of
17°C and a pressure of 0.989 atm. What is the pressure
of dry hydrogen gas collected?

267. One container with a volume of 1.00 L contains argon
at a pressure of 1.77 atm, and a second container 
of 1.50 L volume contains argon at a pressure of 
0.487 atm. They are then connected to each other so
that the pressure can become equal in both containers.
What is the equalized pressure? Hint: Each sample of
gas now occupies the total space. Dalton’s law of par-
tial pressures applies here.

268. Oxygen gas is collected over water at a temperature of
10.°C and a pressure of 1.02 atm. The volume of gas
plus water vapor collected is 293 mL. What volume of
oxygen at STP was collected?

269. A 500 mL bottle is partially filled with water so that the
total volume of gases (water vapor and air) remaining
in the bottle is 325 cm3, measured at 20.°C and 101.3
kPa. The bottle is sealed and taken to a mountaintop
where the pressure is 76.24 kPa and the temperature is
10°C. If the bottle is upside down and the seal leaks,
how much water will leak out? The key to this problem
is to determine the pressure in the 325 cm3 space when
the bottle is at the top of the mountain.

270. An air thermometer can be constructed by using a
glass bubble attached to a piece of small-diameter
glass tubing. The tubing contains a small amount of
colored water that rises when the temperature in-
creases and the trapped air expands. You want a 
0.20 cm3 change in volume to equal a 1°C change in
temperature. What total volume of air at 20.°C 
should be trapped in the apparatus below the liquid?

271. A sample of nitrogen gas is collected over water, yield-
ing a total volume of 62.25 mL at a temperature of
22°C and a total pressure of 97.7 kPa. At what pres-
sure will the nitrogen alone occupy a volume of 
50.00 mL at the same temperature?

272. The theoretical yield of a reaction that gives off nitro-
gen trifluoride gas is 844 mL at STP. What total vol-
ume of NF3 plus water vapor will be collected over
water at 25°C and a total pressure of 1.017 atm?

273. A weather balloon is inflated with 2.94 kL of helium
at a location where the pressure is 1.06 atm and the
temperature is 32°C. What will be the volume of the
balloon at an altitude where the pressure is 0.092 atm
and the temperature is �35°C?

274. The safety limit for a certain can of aerosol spray is
95°C. If the pressure of the gas in the can is 2.96 atm
when it is 17°C, what will the pressure be at the safety
limit?

275. A chemistry student collects a sample of ammonia gas
at a temperature of 39°C. Later, the student measures
the volume of the ammonia as 108 mL, but its temper-
ature is now 21°C. What was the volume of the ammo-
nia when it was collected?

276. A quantity of CO2 gas occupies a volume of 624 L at a
pressure of 1.40 atm. If this CO2 is pumped into a gas
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P1 T1 P2 T2

a. 0.777 atm ?°C 5.6 atm 192°C

b. 152 kPa 302 K ? kPa 11 K

c. ? atm �76°C 3.97 atm 27°C

d. 395 atm 46°C 706 atm ?°C

e. ? atm �37°C 350. atm 2050°C

f. 0.39 atm 263 K 0.058 atm ? K

P1 V1 T1 P2 V2 T2

a. 1.03 1.65 L 19°C 0.920 atm ? L 46°C
atm

b. 107.0 3.79 dm3 73°C ? kPa 7.58 dm3 217°C
kPa

c. 0.029 249 mL ? K 0.098 atm 197 mL 293 K
atm

d. 113 ? mm3 12°C 149 kPa 3.18 � �18°C
kPa 103 mm3

e. 1.15 0.93 m3 �22°C 1.01 atm 0.85 m3 ?°C
atm

f. ? atm 156 cm3 195 K 2.25 atm 468 cm3 585 K

261. A 2 L bottle containing only air is sealed at a tempera-
ture of 22°C and a pressure of 0.982 atm. The bottle is
placed in a freezer and allowed to cool to �3°C. What
is the pressure in the bottle?

262. The pressure in a car tire is 2.50 atm at a temperature
of 33°C . What would the pressure be if the tire were
allowed to cool to 0°C? Assume that the tire does not
change volume.

263. A container filled with helium gas has a pressure of
127.5 kPa at a temperature of 290. K. What is the tem-
perature when the pressure is 3.51 kPa?

264. Calculate the unknown quantity in each of the follow-
ing measurements of gases.

265. A scientist has a sample of gas that was collected 
several days earlier. The sample has a volume of 
392 cm3 at a pressure of 0.987 atm and a temperature
of 21°C. On the day the gas was collected, the temper-
ature was 13°C and the pressure was 0.992 atm. What
volume did the gas have on the day it was collected?



cylinder that has a volume of 80.0 L, what pressure
will the CO2 exert on the cylinder?

The Ideal Gas Law: Chap. 11, Sec. 3

277. Use the ideal-gas-law equation to calculate the
unknown quantity in each of the following sets of
measurements. You will need to convert Celsius tem-
peratures to Kelvin temperatures and volume units to
liters.

284. Use the ideal-gas-law equation to calculate the
unknown quantity in each of the following sets of
measurements.
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285. Determine the volume of one mole of an ideal gas at
25°C and 0.915 kPa.

286. Calculate the unknown quantity in each of the follow-
ing sets of measurements.

P Molar Mass Density t

a. 1.12 atm ? g/mol 2.40 g/L 2°C

b. 7.50 atm 30.07 g/mol ? g/L 20.°C

c. 97.4 kPa 104.09 g/mol 4.37 g/L ? °C

d. ? atm 77.95 g/mol 6.27 g/L 66°C

P V n T

a. 1.09 atm ? L 0.0881 302 K
mol

b. 94.9 kPa 0.0350 L ? mol 55°C

c. ? kPa 15.7 L 0.815 �20.°C
mol

d. 0.500 atm 629 mL 0.0337 ? K
mol

e. 0.950 atm ? L 0.0818 19°C
mol

f. 107 kPa 39.0 mL ? mol 27°C

P V m M t

a. 0.955 atm 3.77 L 8.23 g ? g/mol 25°C

b. 105.0 kPa 50.0 mL ? g 48.02 g/mol 0°C

c. 0.782 atm ? L 3.20 � 10�3 g 2.02 g/mol �5°C

d. ? atm 2.00 L 7.19 g 159.8 g/mol 185°C

e. 107.2 kPa 26.1 mL 0.414 g ? g/mol 45°C

P V n t

a. 0.0477 atm 15 200 L ? mol �15°C

b. ? kPa 0.119 mL 0.000 350 mol 0°C

c. 500.0 kPa 250. mL 0.120 mol ?°C

d. 19.5 atm ? 4.7 � 104 mol 300.°C

278. A student collects 425 mL of oxygen at a temperature
of 24°C and a pressure of 0.899 atm. How many moles
of oxygen did the student collect?

Applications of the Ideal Gas Law
279. A sample of an unknown gas has a mass of 0.116 g. It

occupies a volume of 25.0 mL at a temperature of
127°C and has a pressure of 155.3 kPa. Calculate the
molar mass of the gas.

280. Determine the mass of CO2 gas that has a volume of
7.10 L at a pressure of 1.11 atm and a temperature of
31°C. Hint: Solve the equation for m, and calculate the
molar mass using the chemical formula and the periodic
table.

281. What is the density of silicon tetrafluoride gas at 72°C
and a pressure of 144.5 kPa?

282. At what temperature will nitrogen gas have a density
of 1.13 g/L at a pressure of 1.09 atm?

Mixed Review
283. Use the ideal-gas-law equation to calculate the

unknown quantity in each of the following sets of mea-
surements.

287. What pressure in atmospheres will 1.36 kg of N2O gas
exert when it is compressed in a 25.0 L cylinder and is
stored in an outdoor shed where the temperature can
reach 59°C during the summer?

288. Aluminum chloride sublimes at high temperatures.
What density will the vapor have at 225°C and 
0.939 atm pressure?

289. An unknown gas has a density of 0.0262 g/mL at a
pressure of 0.918 atm and a temperature of 10.°C.
What is the molar mass of the gas?

290. A large balloon contains 11.7 g of helium. What vol-
ume will the helium occupy at an altitude of 10 000 m,
where the atmospheric pressure is 0.262 atm and the
temperature is �50.°C?

291. A student collects ethane by water displacement at 
a temperature of 15°C (vapor pressure of water is
1.5988 kPa) and a total pressure of 100.0 kPa. The vol-
ume of the collection bottle is 245 mL. How many
moles of ethane are in the bottle?

292. A reaction yields 3.75 L of nitrogen monoxide. The
volume is measured at 19°C and at a pressure of 
1.10 atm. What mass of NO was produced by the reac-
tion?

293. A reaction has a theoretical yield of 8.83 g of ammo-
nia. The reaction gives off 10.24 L of ammonia mea-
sured at 52°C and 105.3 kPa. What was the percent
yield of the reaction?

294. An unknown gas has a density of 0.405 g/L at a pres-
sure of 0.889 atm and a temperature of 7°C. Calculate
its molar mass.

295. A paper label has been lost from an old tank of com-
pressed gas. To help identify the unknown gas, you



must calculate its molar mass. It is known that the
tank has a capacity of 90.0 L and weighs 39.2 kg when
empty. You find its current mass to be 50.5 kg. The
gauge shows a pressure of 1780 kPa when the temper-
ature is 18°C. What is the molar mass of the gas in the
cylinder?

296. What is the pressure inside a tank that has a volume
of 1.20 � 103 L and contains 12.0 kg of HCl gas at a
temperature of 18°C?

297. What pressure in kPa is exerted at a temperature of
20.°C by compressed neon gas that has a density of
2.70 g/L?

298. A tank with a volume of 658 mL contains 1.50 g of
neon gas. The maximum safe pressure that the tank
can withstand is 4.50 � 102 kPa. At what temperature
will the tank have that pressure?

299. The atmospheric pressure on Mars is about 6.75 milli-
bars (1 bar � 100 kPa � 0.9869 atm), and the night-
time temperature can be about �75°C on the same
day that the daytime temperature goes up to �8°C.
What volume would a bag containing 1.00 g of H2 gas
have at both the daytime and nighttime temperatures?

300. What is the pressure in kPa of 3.95 mol of Cl2 gas if it
is compressed in a cylinder with a volume of 850. mL
at a temperature of 15°C?

301. What volume in mL will 0.00660 mol of hydrogen gas
occupy at a pressure of 0.907 atm and a temperature
of 9°C?

302. What volume will 8.47 kg of sulfur dioxide gas occupy
at a pressure of 89.4 kPa and a temperature of 40.°C?

303. A cylinder contains 908 g of compressed helium. It is
to be used to inflate a balloon to a final pressure of
128.3 kPa at a temperature of 2°C. What will the vol-
ume of the balloon be under these conditions?

304. The density of dry air at 27°C and 100.0 kPa is 
1.162 g/L. Use this information to calculate the molar
mass of air (calculate as if air were a pure substance).

Stoichiometry of Gases: Chap. 11,
Sec. 3

305. In one method of manufacturing nitric acid, ammonia
is oxidized to nitrogen monoxide and water:

4NH3(g) � 5O2(g) → 4NO(g) � 6H2O(l)

What volume of oxygen will be used in a reaction of
2800 L of NH3 ? What volume of NO will be pro-
duced? All volumes are measured under the same
conditions.

306. Fluorine gas reacts violently with water to produce
hydrogen fluoride and ozone according to the follow-
ing equation:

3F2(g) � 3H2O(l) → 6HF(g) � O3(g)

What volumes of O3 and HF gas would be produced
by the complete reaction of 3.60 � 104 mL of fluorine
gas? All gases are measured under the same condi-
tions.

307. A sample of ethanol burns in O2 to form CO2 and
H2O according to the following equation:

C2H5OH � 3O2 → 2CO2 � 3H2O

If the combustion uses 55.8 mL of oxygen measured at
2.26 atm and 40.°C, what volume of CO2 is produced
when measured at STP?

308. Dinitrogen pentoxide decomposes into nitrogen diox-
ide and oxygen. If 5.00 L of N2O5 reacts at STP, what
volume of NO2 is produced when measured at 64.5°C
and 1.76 atm?

309. Complete the table below using the following equa-
tion, which represents a reaction that produces alu-
minum chloride:

2Al(s) � 3Cl2(g) → 2AlCl3(s)
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Mass Volume Mass 
Al Cl2 Conditions AlCl3

a. excess ? L STP 7.15 g

b. 19.4 g ? L STP NA

c. 1.559 ? L 20.°C and NA
kg 0.945 atm

d. excess 920. L STP ? g

e. ? g 1.049 mL 37°C and NA
5.00 atm

f. 500.00 ? m3 15°C and NA
kg 83.0 kPa

Mixed Review
310. The industrial production of ammonia proceeds accord-

ing to the following equation:

N2(g) � 3H2(g) → 2NH3(g)

a. What volume of nitrogen at STP is needed to react
with 57.0 mL of hydrogen measured at STP?

b. What volume of NH3 at STP can be produced from
the complete reaction of 6.39 � 104 L of hydrogen?

c. If 20.0 mol of nitrogen is available, what volume of
NH3 at STP can be produced?

d. What volume of H2 at STP will be needed to pro-
duce 800. L of ammonia, measured at 55°C and
0.900 atm?

311. Propane burns according to the following equation:
C3H8(g) � 5O2(g) → 3CO2(g) � 4H2O(g)

a. What volume of water vapor measured at 250.°C
and 1.00 atm is produced when 3.0 L of propane at
STP is burned?

b. What volume of oxygen at 20.°C and 102.6 kPa is
used if 640. L of CO2 is produced? The CO2 is also
measured at 20.°C and 102.6 kPa.

c. If 465 mL of oxygen at STP is used in the reaction,
what volume of CO2 , measured at 37°C and 
0.973 atm, is produced?

d. When 2.50 L of C3H8 at STP burns, what total vol-
ume of gaseous products is formed? The volume of
the products is measured at 175°C and 1.14 atm.



312. Carbon monoxide will burn in air to produce CO2
according to the following equation:

2CO(g) � O2(g) → 2CO2(g)

What volume of oxygen at STP will be needed to react
with 3500. L of CO measured at 20.°C and a pressure
of 0.953 atm?

313. Silicon tetrafluoride gas can be produced by the action
of HF on silica according to the following equation:

SiO2(s) � 4HF(g) → SiF4(g) � 2H2O(l)

1.00 L of HF gas under pressure at 3.48 atm and a
temperature of 25°C reacts completely with SiO2 to
form SiF4 . What volume of SiF4 , measured at 15°C
and 0.940 atm, is produced by this reaction?

314. One method used in the eighteenth century to gener-
ate hydrogen was to pass steam through red-hot steel
tubes. The following reaction takes place:

3Fe(s) � 4H2O(g) → Fe3O4(s) � 4H2(g)

a. What volume of hydrogen at STP can be produced
by the reaction of 6.28 g of iron?

b. What mass of iron will react with 500. L of steam at
250.°C and 1.00 atm pressure?

c. If 285 g of Fe3O4 are formed, what volume of
hydrogen, measured at 20.°C and 1.06 atm, is pro-
duced?

315. Sodium reacts vigorously with water to produce
hydrogen and sodium hydroxide according to the fol-
lowing equation:

2Na(s) � 2H2O(l) → 2NaOH(aq) � H2(g)

If 0.027 g of sodium reacts with excess water, what vol-
ume of hydrogen at STP is formed?

316. Diethyl ether burns in air according to the following
equation:

C4H10O(l) � 6O2(g) → 4CO2(g) � 5H2O(l)

If 7.15 L of CO2 is produced at a temperature of
125°C and a pressure of 1.02 atm, what volume of oxy-
gen, measured at STP, was consumed and what mass
of diethyl ether was burned?

317. When nitroglycerin detonates, it produces large vol-
umes of hot gases almost instantly according to the
following equation:
4C3H5N3O9(l) →

6N2(g) � 12CO2(g) � 10H2O(g) � O2(g)

a. When 0.100 mol of nitroglycerin explodes, what
volume of each gas measured at STP is produced?

b. What total volume of gases is produced at 300.°C
and 1.00 atm when 10.0 g of nitroglycerin explodes?

318. Dinitrogen monoxide can be prepared by heating
ammonium nitrate, which decomposes according to
the following equation:

NH4NO3(s) → N2O(g) � 2H2O(l)

What mass of ammonium nitrate should be decom-
posed in order to produce 250. mL of N2O, measured
at STP?

319. Phosphine, PH3 , is the phosphorus analogue to
ammonia, NH3 . It can be produced by the reaction

between calcium phosphide and water according to
the following equation:
Ca3P2(s) � 6H2O(l) →

3Ca(OH)2(s and aq) � 2PH3(g)

What volume of phosphine, measured at 18°C and
102.4 kPa, is produced by the reaction of 8.46 g of
Ca3P2?

320. In one method of producing aluminum chloride, HCl
gas is passed over aluminum and the following reac-
tion takes place:

2Al(s) � 6HCl(g) → 2AlCl3(g) � 3H2(g)

What mass of Al should be on hand in order to pro-
duce 6.0 � 103 kg of AlCl3? What volume of com-
pressed HCl at 4.71 atm and a temperature of 43°C
should be on hand at the same time?

321. Urea, (NH2)2CO, is an important fertilizer that is
manufactured by the following reaction:

2NH3(g) � CO2(g) → (NH2)2CO(s) � H2O(g)

What volume of NH3 at STP will be needed to pro-
duce 8.50 � 104 kg of urea if there is an 89.5% yield in
the process?

322. An obsolete method of generating oxygen in the labo-
ratory involves the decomposition of barium peroxide
by the following equation:

2BaO2(s) → 2BaO(s) � O2(g)

What mass of BaO2 reacted if 265 mL of O2 is collect-
ed by water displacement at 0.975 atm and 10.°C?

323. It is possible to generate chlorine gas by dripping con-
centrated HCl solution onto solid potassium perman-
ganate according to the following equation:
2KMnO4(aq) � 16HCl(aq) →

2KCl(aq) � 2MnCl2(aq) � 8H2O(l) � 5Cl2(g)

If excess HCl is dripped onto 15.0 g of KMnO4 , what
volume of Cl2 will be produced? The Cl2 is measured
at 15°C and 0.959 atm.

324. Ammonia can be oxidized in the presence of a plat-
inum catalyst according to the following equation:

4NH3(g) � 5O2(g) → 4NO(g) � 6H2O(l)

The NO that is produced reacts almost immediately
with additional oxygen according to the following
equation:

2NO(g) � O2(g) → 2NO2(g)

If 35.0 kL of oxygen at STP react in the first reaction,
what volume of NH3 at STP reacts with it? What vol-
ume of NO2 at STP will be formed in the second reac-
tion, assuming there is excess oxygen that was not
used up in the first reaction?

325. Oxygen can be generated in the laboratory by heating
potassium chlorate. The reaction is represented by the
following equation:

2KClO3(s) → 2KCl(s) � 3O2(g)

What mass of KClO3 must be used in order to gener-
ate 5.00 L of O2, measured at STP?

326. One of the reactions in the Solvay process is used to
make sodium hydrogen carbonate. It occurs when car-
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bon dioxide and ammonia are passed through concen-
trated salt brine. The following equation represents
the reaction:
NaCl(aq) � H2O(l) � CO2(g) � NH3(g) →

NaHCO3(s) � NH4Cl(aq)

a. What volume of NH3 at 25°C and 1.00 atm pressure
will be required if 38 000 L of CO2 , measured
under the same conditions, react to form NaHCO3?

b. What mass of NaHCO3 can be formed when the
gases in (a) react with NaCl?

c. If this reaction forms 46.0 kg of NaHCO3 , what vol-
ume of NH3 , measured at STP, reacted?

d. What volume of CO2 , compressed in a tank at 
5.50 atm and a temperature of 42°C, will be needed
to produce 100.00 kg of NaHCO3?

327. The combustion of butane is represented in the fol-
lowing equation:

2C4H10(g) � 13O2(g) → 8CO2(g) � 10H2O(l)

a. If 4.74 g of butane react with excess oxygen, what
volume of CO2 , measured at 150.°C and 1.14 atm,
will be formed?

b. What volume of oxygen, measured at 0.980 atm and
75°C, will be consumed by the complete combus-
tion of 0.500 g of butane?

c. A butane-fueled torch has a mass of 876.2 g. After
burning for some time, the torch has a mass of 
859.3 g. What volume of CO2 , at STP, was formed
while the torch burned?

d. What mass of H2O is produced when butane burns
and produces 3720 L of CO2 , measured at 35°C and
0.993 atm pressure?

Concentration of Solutions:
Chap. 12, Sec. 3

Percentage Concentration
328. What is the percentage concentration of 75.0 g of

ethanol dissolved in 500.0 g of water?

329. A chemist dissolves 3.50 g of potassium iodate and
6.23 g of potassium hydroxide in 805.05 g of water.
What is the percentage concentration of each solute in
the solution?

330. A student wants to make a 5.00% solution of rubi-
dium chloride using 0.377 g of the substance. What
mass of water will be needed to make the solution?

331. What mass of lithium nitrate would have to be dis-
solved in 30.0 g of water in order to make an 18.0%
solution?

Molarity
332. Determine the molarity of a solution prepared by dis-

solving 141.6 g of citric acid, C3H5O(COOH)3 , in water
and then diluting the resulting solution to 3500.0 mL.

333. What is the molarity of a salt solution made by dis-
solving 280.0 mg of NaCl in 2.00 mL of water?
Assume the final volume is the same as the volume of
the water.

334. What is the molarity of a solution that contains 
390.0 g of acetic acid, CH3COOH, dissolved in 
enough acetone to make 1000.0 mL of solution?

335. What mass of glucose, C6H12O6 , would be required to
prepare 5.000 � 103 L of a 0.215 M solution?

336. What mass of magnesium bromide would be required
to prepare 720. mL of a 0.0939 M aqueous solution?

337. What mass of ammonium chloride is dissolved in 
300. mL of a 0.875 M solution?

Molality
338. Determine the molality of a solution of 560 g of ace-

tone, CH3COCH3 , in 620 g of water.

339. What is the molality of a solution of 12.9 g of fructose,
C6H12O6 , in 31.0 g of water?

340. How many moles of 2-butanol, CH3CHOHCH2CH3 ,
must be dissolved in 125 g of ethanol in order to pro-
duce a 12.0 m 2-butanol solution? What mass of 
2-butanol is this? 

Mixed Review
341. Complete the table below by determining the missing

quantity in each example. All solutions are aqueous.
Any quantity that is not applicable to a given solution is
marked NA.
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Mass Quantity Quantity
of Solute of Solution of Solvent

Solution Made Used Made Used

a. 12.0% KMnO4 ? g KMnO4 500.0 g ? g H2O

b. 0.60 M BaCl2 ? g BaCl2 1.750 L NA

c. 6.20 m glycerol, ? g glycerol NA 800.0 g
HOCH2CHOHCH2OH H2O

d. ? M K2Cr2O7 12.27 g 650. mL NA
K2Cr2O7

e. ? m CaCl2 288 g CaCl2 NA 2.04 kg
H2O

f. 0.160 M NaCl ? g NaCl 25.0 mL NA

g. 2.00 m glucose, ? g glucose ? g solution 1.50 kg 
C6H12O6 H2O

342. How many moles of H2SO4 are in 2.50 L of a 4.25 M
aqueous solution?

343. Determine the molal concentration of 71.5 g of lin-
oleic acid, C18H32O2 , in 525 g of hexane, C6H14 .

344. You have a solution that is 16.2% sodium thiosulfate,
Na2S2O3 , by mass.
a. What mass of sodium thiosulfate is in 80.0 g of solu-

tion?
b. How many moles of sodium thiosulfate are in 80.0 g

of solution?
c. If 80.0 g of the sodium thiosulfate solution is diluted

to 250.0 mL with water, what is the molarity of the
resulting solution?



345. What mass of anhydrous cobalt(II) chloride would be
needed in order to make 650.00 mL of a 4.00 M
cobalt(II) chloride solution?

346. A student wants to make a 0.150 M aqueous solution
of silver nitrate, AgNO3, and has a bottle containing
11.27 g of silver nitrate. What should be the final vol-
ume of the solution?

347. What mass of urea, NH2CONH2 , must be dissolved in
2250 g of water in order to prepare a 1.50 m solution?

348. What mass of barium nitrate is dissolved in 21.29 mL
of a 3.38 M solution?

349. Describe what you would do to prepare 100.0 g of a
3.5% solution of ammonium sulfate in water.

350. What mass of anhydrous calcium chloride should be
dissolved in 590.0 g of water in order to produce a 
0.82 m solution?

351. How many moles of ammonia are in 0.250 L of a 
5.00 M aqueous ammonia solution? If this solution
were diluted to 1.000 L, what would be the molarity of
the resulting solution?

352. What is the molar mass of a solute if 62.0 g of the
solute in 125 g of water produce a 5.3 m solution?

353. A saline solution is 0.9% NaCl. What masses of NaCl
and water would be required to prepare 50. L of this
saline solution? Assume that the density of water is
1.000 g/mL and that the NaCl does not add to the vol-
ume of the solution.

354. A student weighs an empty beaker on a balance and
finds its mass to be 68.60 g. The student weighs the
beaker again after adding water and finds the new
mass to be 115.12 g. A mass of 4.08 g of glucose is
then dissolved in the water. What is the percentage
concentration of glucose in the solution?

355. The density of ethyl acetate at 20°C is 0.902 g/mL.
What volume of ethyl acetate at 20°C would be
required to prepare a 2.0% solution of cellulose
nitrate using 25 g of cellulose nitrate?

356. Aqueous cadmium chloride reacts with sodium sulfide
to produce bright-yellow cadmium sulfide. Write the
balanced equation for this reaction and answer the fol-
lowing questions.
a. How many moles of CdCl2 are in 50.00 mL of a 

3.91 M solution?
b. If the solution in (a) reacted with excess sodium sul-

fide, how many moles of CdS would be formed?
c. What mass of CdS would be formed?

357. What mass of H2SO4 is contained in 60.00 mL of a
5.85 M solution of sulfuric acid?

358. A truck carrying 22.5 kL of 6.83 M aqueous hydro-
chloric acid used to clean brick and masonry has over-
turned. The authorities plan to neutralize the acid with
sodium carbonate. How many moles of HCl will have
to be neutralized?

359. A chemist wants to produce 12.00 g of barium sulfate
by reacting a 0.600 M BaCl2 solution with excess
H2SO4 , as shown in the reaction below. What volume
of the BaCl2 solution should be used?

BaCl2 � H2SO4 → BaSO4 � 2HCl

360. Many substances are hydrates. Whenever you make a
solution, it is important to know whether or not the
solute you are using is a hydrate and, if it is a hydrate,
how many molecules of water are present per formula
unit of the substance. This water must be taken into
account when weighing out the solute. Something else
to remember when making aqueous solutions from
hydrates is that once the hydrate is dissolved, the
water of hydration is considered to be part of the sol-
vent. A common hydrate used in the chemistry labora-
tory is copper sulfate pentahydrate, CuSO4•5H2O.
Describe how you would make each of the following
solutions using CuSO4•5H2O. Specify masses and vol-
umes as needed.
a. 100. g of a 6.00% solution of CuSO4
b. 1.00 L of a 0.800 M solution of CuSO4
c. a 3.5 m solution of CuSO4 in 1.0 kg of water

361. What mass of calcium chloride hexahydrate is required
in order to make 700.0 mL of a 2.50 M solution?

362. What mass of the amino acid arginine, C6H14N4O2,
would be required to make 1.250 L of a 0.00205 M solu-
tion?

363. How much water would you have to add to 2.402 kg of
nickel(II) sulfate hexahydrate in order to prepare a
25.00% solution?

364. What mass of potassium aluminum sulfate dodecahy-
drate, KAl(SO4)2•12H2O, would be needed to prepare
35.00 g of a 15.00% KAl(SO4)2 solution? What mass
of water would be added to make this solution?

Dilutions: Chap. 12, Sec. 3

365. Complete the table below by calculating the missing
value in each row.
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Molarity Volume Molarity Volume
of Stock of Stock of Dilute of Dilute
Solution Solution Solution Solution

a. 0.500 M 20.00 mL ? M KBr 100.00 mL
KBr

b. 1.00 M ? mL 0.075 M 500.00 mL
LiOH LiOH

c. ? M HI 5.00 mL 0.0493 M 100.00 mL
HI

d. 12.0 M 0.250 L 1.8 M HCl ? L
HCl

e. 7.44 M ? mL 0.093 M 4.00 L
NH3 NH3

366. What volume of water would be added to 16.5 mL of a
0.0813 M solution of sodium borate in order to get a
0.0200 M solution?

Mixed Review
367. What is the molarity of a solution of ammonium chlo-

ride prepared by diluting 50.00 mL of a 3.79 M NH4Cl
solution to 2.00 L?



368. A student takes a sample of KOH solution and dilutes
it with 100.00 mL of water. The student determines
that the diluted solution is 0.046 M KOH, but has for-
gotten to record the volume of the original sample.
The concentration of the original solution is 2.09 M.
What was the volume of the original sample?

369. A chemist wants to prepare a stock solution of H2SO4
so that samples of 20.00 mL will produce a solution
with a concentration of 0.50 M when added to 
100.0 mL of water.
a. What should the molarity of the stock solution be?
b. If the chemist wants to prepare 5.00 L of the stock

solution from concentrated H2SO4 , which is 18.0 M,
what volume of concentrated acid should be used?

c. The density of 18.0 M H2SO4 is 1.84 g/mL. What
mass of concentrated H2SO4 should be used to make
the stock solution in (b)?

370. To what volume should 1.19 mL of an 8.00 M acetic
acid solution be diluted in order to obtain a final solu-
tion that is 1.50 M?

371. What volume of a 5.75 M formic acid solution should be
used to prepare 2.00 L of a 1.00 M formic acid solution?

372. A 25.00 mL sample of ammonium nitrate solution pro-
duces a 0.186 M solution when diluted with 50.00 mL
of water. What is the molarity of the stock solution?

373. Given a solution of known percentage concentration
by mass, a laboratory worker can often measure out a
calculated mass of the solution in order to obtain a
certain mass of solute. Sometimes, though, it is
impractical to use the mass of a solution, especially
with fuming solutions, such as concentrated HCl and
concentrated HNO3 . Measuring these solutions by
volume is much more practical. In order to determine
the volume that should be measured, a worker would
need to know the density of the solution. This infor-
mation usually appears on the label of the solution
bottle.
a. Concentrated hydrochloric acid is 36% HCl by

mass and has a density of 1.18 g/mL. What is the
volume of 1.0 kg of this HCl solution? What vol-
ume contains 1.0 g of HCl? What volume contains 
1.0 mol of HCl?

b. The density of concentrated nitric acid is 1.42 g/mL,
and its concentration is 71% HNO3 by mass. What
volume of concentrated HNO3 would be needed to
prepare 10.0 L of a 2.00 M solution of HNO3 ?

c. What volume of concentrated HCl solution would
be needed to prepare 4.50 L of 3.0 M HCl? See (a)
for data.

374. A 3.8 M solution of FeSO4 solution is diluted to eight
times its original volume. What is the molarity of the
diluted solution?

375. A chemist prepares 480. mL of a 2.50 M solution of
K2Cr2O7 in water. A week later, the chemist wants to
use the solution, but the stopper has been left off the
flask and 39 mL of water has evaporated. What is the
new molarity of the solution?

376. You must write out procedures for a group of lab tech-
nicians. One test they will perform requires 25.00 mL

of a 1.22 M solution of acetic acid. You decide to use a
6.45 M acetic acid solution that you have on hand.
What procedure should the technicians use in order to
get the solution they need?

377. A chemical test has determined the concentration of a
solution of an unknown substance to be 2.41 M.  A
100.0 mL volume of the solution is evaporated to dry-
ness, leaving 9.56 g of crystals of the unknown solute.
Calculate the molar mass of the unknown substance.

378. Tincture of iodine can be prepared by dissolving 34 g
of I2 and 25 g of KI in 25 mL of distilled water and
diluting the solution to 500. mL with ethanol. What is
the molarity of I2 in the solution?

379. Phosphoric acid is commonly supplied as an 85% solu-
tion. What mass of this solution would be required to
prepare 600.0 mL of a 2.80 M phosphoric acid solu-
tion?

380. Commercially available concentrated sulfuric acid is
18.0 M H2SO4 . What volume of concentrated H2SO4
would you use in order to make 3.00 L of a 4.0 M
stock solution?

381. Describe how to prepare 1.00 L of a 0.495 M solution
of urea, NH2CONH2 , starting with a 3.07 M stock
solution.

382. Honey is a solution consisting almost entirely of a
mixture of the hexose sugars fructose and glucose;
both sugars have the formula C6H12O6 , but they differ
in molecular structure.
a. A sample of honey is found to be 76.2% C6H12O6

by mass. What is the molality of the hexose sugars
in honey? Consider the sugars to be equivalent.

b. The density of the honey sample is 1.42 g/mL. What
mass of hexose sugars are in 1.00 L of honey? What
is the molarity of the mixed hexose sugars in
honey?

383. Industrial chemicals used in manufacturing are almost
never pure, and the content of the material may vary
from one batch to the next. For these reasons, a sam-
ple is taken from each shipment and sent to a labora-
tory, where its makeup is determined. This procedure
is called assaying. Once the content of a material is
known, engineers adjust the manufacturing process to
account for the degree of purity of the starting 
chemicals.

Suppose you have just received a shipment of sodi-
um carbonate, Na2CO3 . You weigh out 50.00 g of the
material, dissolve it in water, and dilute the solution to
1.000 L. You remove 10.00 mL from the solution and
dilute it to 50.00 mL. By measuring the amount of a
second substance that reacts with Na2CO3 , you deter-
mine that the concentration of sodium carbonate in
the diluted solution is 0.0890 M. Calculate the percent-
age of Na2CO3 in the original batch of material. The
molar mass of Na2CO3 is 105.99 g. (Hint: Determine
the number of moles in the original solution and con-
vert to mass of Na2CO3 .)

384. A student wants to prepare 0.600 L of a stock solution
of copper(II) chloride so that 20.0 mL of the stock
solution diluted by adding 130.0 mL of water will yield
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a 0.250 M solution. What mass of CuCl2 should be
used to make the stock solution?

385. You have a bottle containing a 2.15 M BaCl2 solution.
You must tell other students how to dilute this solu-
tion to get various volumes of a 0.65 M BaCl2 solution.
By what factor will you tell them to dilute the stock
solution? In other words, when a student removes any
volume, V, of the stock solution, how many times V of
water should be added to dilute to 0.65 M?

386. You have a bottle containing an 18.2% solution of
strontium nitrate (density � 1.02 g/mL).
a. What mass of strontium nitrate is dissolved in 

80.0 mL of this solution?
b. How many moles of strontium nitrate are dissolved

in 80.0 mL of the solution?
c. If 80.0 mL of this solution is diluted with 420.0 mL

of water, what is the molarity of the solution?

Colligative Properties: Chap. 13,
Sec. 2

387. Determine the freezing point of a solution of 
60.0 g of glucose, C6H12O6 , dissolved in 80.0 g of
water.

388. What is the freezing point of a solution of 645 g of
urea, H2NCONH2 , dissolved in 980. g of water?

389. What is the expected boiling point of a brine solution
containing 30.00 g of KBr dissolved in 100.00 g of
water?

390. What is the expected boiling point of a CaCl2 solution
containing 385 g of CaCl2 dissolved in 1.230 � 103 g of
water?

391. A solution of 0.827 g of an unknown non-electrolyte
compound in 2.500 g of water has a freezing point of
�10.18°C. Calculate the molar mass of the compound.

392. A 0.171 g sample of an unknown organic com-
pound is dissolved in ether. The solution has a 
total mass of 2.470 g. The boiling point of the 
solution is found to be 36.43°C. What is the 
molar mass of the organic compound?

Mixed Review
In each of the following problems, assume that the
solute is a nonelectrolyte unless otherwise stated.

393. Calculate the freezing point and boiling point of a solu-
tion of 383 g of glucose dissolved in 400. g of water.

394. Determine the boiling point of a solution of 72.4 g of
glycerol dissolved in 122.5 g of water.

395. What is the boiling point of a solution of 30.20 g of
ethylene glycol, HOCH2CH2OH, in 88.40 g of phenol?

396. What mass of ethanol, CH3CH2OH, should be dis-
solved in 450. g of water to obtain a freezing point of
� 4.5°C?

397. Calculate the molar mass of a nonelectrolyte that low-
ers the freezing point of 25.00 g of water to � 3.9°C
when 4.27 g of the substance is dissolved in the water.

398. What is the freezing point of a solution of 1.17 g of 
1-naphthol, C10H8O, dissolved in 2.00 mL of benzene
at 20°C? The density of benzene at 20°C is 0.876
g/mL. Kf for benzene is � 5.12°C/m, and benzene’s
normal freezing point is 5.53°C.

399. The boiling point of a solution containing 10.44 g of an
unknown nonelectrolyte in 50.00 g of acetic acid is
159.2°C. What is the molar mass of the solute?

400. A 0.0355 g sample of an unknown molecular com-
pound is dissolved in 1.000 g of liquid camphor at
200.0°C. Upon cooling, the camphor freezes at
157.7°C. Calculate the molar mass of the unknown
compound.

401. Determine the boiling point of a solution of 22.5 g of
fructose, C6H12O6 , in 294 g of phenol.

402. Ethylene glycol, HOCH2CH2OH, is effective as an
antifreeze, but it also raises the boiling temperature of
automobile coolant, which helps prevent loss of
coolant when the weather is hot.
a. What is the freezing point of a 50.0% solution of

ethylene glycol in water?
b. What is the boiling point of the same 50.0% solution?

403. The value of Kf for cyclohexane is � 20.0°C/m, and its
normal freezing point is 6.6°C. A mass of 1.604 g of a
waxy solid dissolved in 10.000 g of cyclohexane results
in a freezing point of � 4.4°C. Calculate the molar
mass of the solid.

404. What is the expected freezing point of an aqueous
solution of 2.62 kg of nitric acid, HNO3 , in a solution
with a total mass of 5.91 kg? Assume that the nitric
acid is completely ionized.

405. An unknown organic compound is mixed with 
0.5190 g of naphthalene crystals to give a mixture hav-
ing a total mass of 0.5959 g. The mixture is heated
until the naphthalene melts and the unknown sub-
stance dissolves. Upon cooling, the solution freezes at
a temperature of 74.8°C. What is the molar mass of
the unknown compound?

406. What is the boiling point of a solution of 8.69 g of the
electrolyte sodium acetate, NaCH3COO, dissolved in
15.00 g of water?

407. What is the expected freezing point of a solution of
110.5 g of H2SO4 in 225 g of water? Assume sulfuric
acid completely dissociates in water.

408. A compound called pyrene has the empirical formula
C8H5 . When 4.04 g of pyrene is dissolved in 10.00 g of
benzene, the boiling point of the solution is 85.1°C.
Calculate the molar mass of pyrene and determine its
molecular formula. The molal boiling-point constant
for benzene is 2.53°C/m. Its normal boiling point is
80.1°C.

409. What mass of CaCl2 , when dissolved in 100.00 g of
water, gives an expected freezing point of � 5.0°C;
CaCl2 is ionic? What mass of glucose would give the
same result?
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410. A compound has the empirical formula CH2O. When
0.0866 g is dissolved in 1.000 g of ether, the solution’s
boiling point is 36.5°C. Determine the molecular for-
mula of this substance.

411. What is the freezing point of a 28.6% (by mass) aque-
ous solution of HCl? Assume the HCl is 100% ion-
ized.

412. What mass of ethylene glycol, HOCH2CH2OH, must
be dissolved in 4.510 kg of water to result in a freezing
point of � 18.0°C? What is the boiling point of the
same solution?

413. A water solution containing 2.00 g of an unknown
molecular substance dissolved in 10.00 g of water has a
freezing point of � 4.0°C.
a. Calculate the molality of the solution.
b. When 2.00 g of the substance is dissolved in acetone

instead of in water, the boiling point of the solution
is 58.9°C. The normal boiling point of acetone is
56.00°C, and its Kb is 1.71°C/m. Calculate the molal-
ity of the solution from this data.

414. A chemist wants to prepare a solution with a freezing
point of � 22.0°C and has 100.00 g of glycerol on
hand. What mass of water should the chemist mix with
the glycerol?

415. An unknown carbohydrate compound has the empiri-
cal formula CH2O. A solution consisting of 0.515 g of
the carbohydrate dissolved in 1.717 g of acetic acid
freezes at 8.8°C. What is the molar mass of the carbo-
hydrate? What is its molecular formula?

416. An unknown organic compound has the empirical for-
mula C2H2O. A solution of 3.775 g of the unknown
compound dissolved in 12.00 g of water is cooled until
it freezes at a temperature of � 4.72°C. Determine the
molar mass and the molecular formula of the com-
pound.

pH: Chap. 15, Sec. 1

417. The hydroxide ion concentration of an aqueous solu-
tion is 6.4 � 10�5 M. What is the hydronium ion con-
centration?

418. Calculate the H3O� and OH� concentrations in a 
7.50 � 10�4 M solution of HNO3 , a strong acid.

419. Determine the pH of a 0.001 18 M solution of HBr.

420. a. What is the pH of a solution that has a hydronium 
ion concentration of 1.0 M?

b. What is the pH of a 2.0 M solution of HCl, assum-
ing the acid remains 100% ionized?

c. What is the theoretical pH of a 10. M solution of
HCl?

421. What is the pH of a solution with the following
hydroxide ion concentrations?
a. 1 � 10�5 M
b. 5 � 10�8 M
c. 2.90 � 10�11 M

422. What are the pOH and hydroxide ion concentration of
a solution with a pH of 8.92?

423. What are the pOH values of solutions with the follow-
ing hydronium ion concentrations?
a. 2.51 � 10�13 M
b. 4.3 � 10�3 M
c. 9.1 � 10�6 M
d. 0.070 M

424. A solution is prepared by dissolving 3.50 g of sodium
hydroxide in water and adding water until the total
volume of the solution is 2.50 L. What are the OH�

and H3O� concentrations?

425. If 1.00 L of a potassium hydroxide solution with a pH
of 12.90 is diluted to 2.00 L, what is the pH of the
resulting solution?

Mixed Review
426. Calculate the H3O� and OH� concentrations in the

following solutions. Each is either a strong acid or a
strong base.
a. 0.05 M sodium hydroxide
b. 0.0025 M sulfuric acid
c. 0.013 M lithium hydroxide
d. 0.150 M nitric acid
e. 0.0200 M calcium hydroxide
f. 0.390 M perchloric acid

427. What is the pH of each solution in item 426?

428. Calculate [H3O�] and [OH�] in a 0.160 M solution of
potassium hydroxide. Assume that the solute is 100%
dissociated at this concentration.

429. The pH of an aqueous solution of NaOH is 12.9. What
is the molarity of the solution?

430. What is the pH of a 0.001 25 M HBr solution? If 
175 mL of this solution is diluted to a total volume of
3.00 L, what is the pH of the diluted solution?

431. What is the pH of a 0.0001 M solution of NaOH?
What is the pH of a 0.0005 M solution of NaOH?

432. A solution is prepared using 15.0 mL of 1.0 M HCl
and 20.0 mL of 0.50 M HNO3 . The final volume of the
solution is 1.25 L. Answer the following questions:
a. What are the [H3O�] and [OH�] in the final solu-

tion?
b. What is the pH of the final solution?

433. A container is labeled 500.0 mL of 0.001 57 M nitric
acid solution. A chemist finds that the container was
not sealed and that some evaporation has taken place.
The volume of solution is now 447.0 mL.
a. What was the original pH of the solution?
b. What is the pH of the solution now?

434. Calculate the hydroxide ion concentration in an aque-
ous solution that has a 0.000 35 M hydronium ion con-
centration.

435. A solution of sodium hydroxide has a pH of 12.14. If
50.00 mL of the solution is diluted to 2.000 L with
water, what is the pH of the diluted solution?

436. An acetic acid solution has a pH of 4.0. What are the
[H3O�] and [OH�] in this solution?

437. What is the pH of a 0.000 460 M solution of Ca(OH)2?
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438. A solution of strontium hydroxide with a pH of 11.4 is
to be prepared. What mass of strontium hydroxide
would be required to make 1.00 L of this solution?

439. A solution of NH3 has a pH of 11.00. What are the
concentrations of hydronium and hydroxide ions in
this solution?

440. Acetic acid does not completely ionize in solution.
Percent ionization of a substance dissolved in water is
equal to the moles of ions produced as a percentage of
the moles of ions that would be produced if the sub-
stance were completely ionized. Calculate the percent
ionization of acetic acid in the following solutions.
a. 1.0 M acetic acid solution with a pH of 2.40
b. 0.10 M acetic acid solution with a pH of 2.90
c. 0.010 M acetic acid solution with a pH of 3.40

441. Calculate the pH of a solution that contains 5.00 g of
HNO3 in 2.00 L of solution.

442. A solution of HCl has a pH of 1.50. Determine the pH
of the solutions made in each of the following ways.
a. 1.00 mL of the solution is diluted to 1000. mL with

water.
b. 25.00 mL is diluted to 200. mL with distilled water.
c. 18.83 mL of the solution is diluted to 4.000 L with dis-

tilled water.
d. 1.50 L is diluted to 20.0 kL with distilled water.

443. An aqueous solution contains 10 000 times more
hydronium ions than hydroxide ions. What is the con-
centration of each ion?

444. A potassium hydroxide solution has a pH of 12.90.
Enough acid is added to react with half of the OH�

ions present. What is the pH of the resulting solution?
Assume that the products of the neutralization have
no effect on pH and that the amount of additional
water produced is negligible.

445. A hydrochloric acid solution has a pH of 1.70. What is
the [H3O�] in this solution? Considering that HCl is a
strong acid, what is the HCl concentration of the solu-
tion?

446. What is the molarity of a solution of the strong base
Ca(OH)2 in a solution that has a pH of 10.80?

447. You have a 1.00 M solution of the strong acid, HCl.
What is the pH of this solution? You need a solution
of pH 4.00. To what volume would you dilute 1.00 L of
the HCl solution to get this pH? To what volume
would you dilute 1.00 L of the pH 4.00 solution to get
a solution of pH 6.00? To what volume would you
dilute 1.00 L of the pH 4.00 solution to get a solution
of pH 8.00?

448. A solution of chloric acid, HClO3 , a strong acid, has a
pH of 1.28. How many moles of NaOH would be
required to react completely with the HClO3 in 1.00 L
of the solution? What mass of NaOH is required?

449. A solution of the weak base NH3 has a pH of 11.90.
How many moles of HCl would have to be added to
1.00 L of the ammonia to react with all of the OH�

ions present at pH 11.90?

450. The pH of a citric acid solution is 3.15. What are the
[H3O�] and [OH�] in this solution?

Titrations: Chap. 15, Sec. 2

In each of the following problems, the acids and
bases react in a mole ratio of 1 mol base : 1 mol
acid.

451. A student titrates a 20.00 mL sample of a solution of
HBr with unknown molarity. The titration requires
20.05 mL of a 0.1819 M solution of NaOH. What is the
molarity of the HBr solution?

452. Vinegar can be assayed to determine its acetic 
acid content. Determine the molarity of acetic 
acid in a 15.00 mL sample of vinegar that requires 
22.70 mL of a 0.550 M solution of NaOH to reach 
the equivalence point.

453. A 20.00 mL sample of a solution of Sr(OH)2 is titrated
to the equivalence point with 43.03 mL of 0.1159 M
HCl. What is the molarity of the Sr(OH)2 solution?

454. A 35.00 mL sample of ammonia solution is titrated to
the equivalence point with 54.95 mL of a 0.400 M sul-
furic acid solution. What is the molarity of the ammo-
nia solution?

In the problems below, assume that impurities are
not acidic or basic and that they do not react in an
acid-base titration.

455. A supply of glacial acetic acid has absorbed water
from the air. It must be assayed to determine the actu-
al percentage of acetic acid. 2.000 g of the acid is di-
luted to 100.00 mL, and 20.00 mL is titrated with a
solution of sodium hydroxide. The base solution has a
concentration of 0.218 M, and 28.25 mL is used in the
titration. Calculate the percentage of acetic acid in the
original sample. Write the titration equation to get the
mole ratio.

456. A shipment of crude sodium carbonate must be
assayed for its Na2CO3 content. You receive a small
jar containing a sample from the shipment and weigh
out 9.709 g into a flask, where it is dissolved in water
and diluted to 1.0000 L with distilled water. A 
10.00 mL sample is taken from the flask and titrated
to the equivalence point with 16.90 mL of a 0.1022 M
HCl solution. Determine the percentage of Na2CO3 in
the sample. Write the titration equation to get the
mole ratio.

Mixed Review
457. A 50.00 mL sample of a potassium hydroxide is titrated

with a 0.8186 M HCl solution. The titration requires
27.87 mL of the HCl solution to reach the equivalence
point. What is the molarity of the KOH solution?

458. A 15.00 mL sample of acetic acid is titrated with 
34.13 mL of 0.9940 M NaOH. Determine the molarity
of the acetic acid.

459. A 12.00 mL sample of an ammonia solution is titrated
with 1.499 M HNO3 solution. A total of 19.48 mL of
acid is required to reach the equivalence point. What
is the molarity of the ammonia solution?
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460. A certain acid and base react in a 1 :1 ratio. 
a. If the acid and base solutions are of equal concen-

tration, what volume of acid will titrate a 20.00 mL
sample of the base?

b. If the acid is twice as concentrated as the base, what
volume of acid will be required to titrate 20.00 mL
of the base?

c. How much acid will be required if the base is four
times as concentrated as the acid, and 20.00 mL of
base is used?

461. A 10.00 mL sample of a solution of hydrofluoric acid,
HF, is diluted to 500.00 mL. A 20.00 mL sample of the
diluted solution requires 13.51 mL of a 0.1500 M
NaOH solution to be titrated to the equivalence point.
What is the molarity of the original HF solution?

462. A solution of oxalic acid, a diprotic acid, is used to
titrate a 16.22 mL sample of a 0.5030 M KOH solu-
tion. If the titration requires 18.41 mL of the oxalic
acid solution, what is its molarity?

463. A H2SO4 solution of unknown molarity is titrated with
a 1.209 M NaOH solution. The titration requires 
42.27 mL of the NaOH solution to reach the equiva-
lent point with 25.00 mL of the H2SO4 solution. What
is the molarity of the acid solution?

464. Potassium hydrogen phthalate, KHC8H4O4 , is a solid
acidic substance that reacts in a 1 :1 mole ratio with
bases that have one hydroxide ion. Suppose that
0.7025 g of potassium hydrogen phthalate is titrated to
the equivalence point by 20.18 mL of a KOH solution.
What is the molarity of the KOH solution?

465. A solution of citric acid, a triprotic acid, is titrated
with a sodium hydroxide solution. A 20.00 mL sample
of the citric acid solution requires 17.03 mL of a 
2.025 M solution of NaOH to reach the equivalence
point. What is the molarity of the acid solution?

466. A flask contains 41.04 mL of a solution of potassium
hydroxide. The solution is titrated and reaches an
equivalence point when 21.65 mL of a 0.6515 M solu-
tion of HNO3 is added. Calculate the molarity of the
base solution.

467. A bottle is labeled 2.00 M H2SO4 . You decide to
titrate a 20.00 mL sample with a 1.85 M NaOH solu-
tion. What volume of NaOH solution would you
expect to use if the label is correct?

468. What volume of a 0.5200 M solution of H2SO4 would
be needed to titrate 100.00 mL of a 0.1225 M solution
of Sr(OH)2?

469. A sample of a crude grade of KOH is sent to the lab
to be tested for KOH content. A 4.005 g sample is 
dissolved and diluted to 200.00 mL with water. A 
25.00 mL sample of the solution is titrated with a
0.4388 M HCl solution and requires 19.93 mL to reach
the equivalence point. How many moles of KOH were
in the 4.005 g sample? What mass of KOH is this?
What is the percent of KOH in the crude material?

470. What mass of magnesium hydroxide would be
required for the magnesium hydroxide to react to
the equivalence point with 558 mL of 3.18 M
hydrochloric acid?

471. An ammonia solution of unknown concentration is
titrated with a solution of hydrochloric acid. The HCl
solution is 1.25 M, and 5.19 mL are required to titrate
12.61 mL of the ammonia solution. What is the molar-
ity of the ammonia solution?

472. What volume of 2.811 M oxalic acid solution is needed
to react to the equivalence point with a 5.090 g sample
of material that is 92.10% NaOH? Oxalic acid is a
diprotic acid.

473. Standard solutions of accurately known concentration
are available in most laboratories. These solutions are
used to titrate other solutions to determine their con-
centrations. Once the concentration of the other solu-
tions are accurately known, they may be used to
titrate solutions of unknowns.

The molarity of a solution of HCl is determined by
titrating the solution with an accurately known solu-
tion of Ba(OH)2 , which has a molar concentration of
0.1529 M. A volume of 43.09 mL of the Ba(OH)2 solu-
tion titrates 26.06 mL of the acid solution. The acid
solution is in turn used to titrate 15.00 mL of a solu-
tion of rubidium hydroxide. The titration requires
27.05 mL of the acid.
a. What is the molarity of the HCl solution?
b. What is the molarity of the RbOH solution?

474. A truck containing 2800 kg of a 6.0 M hydrochloric
acid has been in an accident and is in danger of
spilling its load. What mass of Ca(OH)2 should be sent
to the scene in order to neutralize all of the acid in
case the tank bursts? The density of the 6.0 M HCl
solution is 1.10 g/mL.

475. A 1.00 mL sample of a fairly concentrated nitric acid
solution is diluted to 200.00 mL. A 10.00 mL sample of
the diluted solution requires 23.94 mL of a 0.0177 M
solution of Ba(OH)2 to be titrated to the equivalence
point. Determine the molarity of the original nitric
acid solution.

476. What volume of 4.494 M H2SO4 solution would be
required to react to the equivalence point with 
7.2280 g of LiOH(s)?

Thermochemistry: Chap. 16, Sec. 1

477. Calculate the reaction enthalpy for the following 
reaction:
5CO2(g) � Si3N4(s) → 3SiO(s) � 2N2O(g) � 5CO(g)

Use the following equations and data:
(1) CO(g) � SiO2(s) → SiO(g) � CO2(g)

(2) 8CO2(g) � Si3N4(s) →
3SiO2(s) � 2N2O(g) � 8CO(g)

�Hreaction 1 � �520.9 kJ

�Hreaction 2 � �461.05 kJ

A P P E N D I X  D 907



Determine �H for each of the following three reac-
tions.

478. The following reaction is used to make CaO from
limestone:

CaCO3(s) → CaO(s) � CO2(g)

479. The following reaction represents the oxidation of
FeO to Fe2O3:

2FeO(s) � O2(g) → Fe2O3(s)

480. The following reaction of ammonia and hydrogen flu-
oride produces ammonium fluoride:

NH3(g) � HF(g) → NH4F(s)

481. Calculate the free energy change, �G, for the combus-
tion of hydrogen sulfide according to the following
chemical equation. Assume reactants and products are
at 25°C:

H2S(g) � O2(g) → H2O(l) � SO2(g)
�Hreaction � �562.1 kJ/mol
�Sreaction � �0.09278 kJ/mol•K

482. Calculate the free energy change for the decomposi-
tion of sodium chlorate. Assume reactants and prod-
ucts are at 25°C:

NaClO3(s) → NaCl(s) � O2(g)
�Hreaction � �19.1 kJ/mol
�Sreaction � �0.1768 kJ/mol•K

483. Calculate the free energy change for the combustion
of 1 mol of ethane. Assume reactants and products are
at 25°C:

C2H6(g) � O2(g) → 2CO2(g) � 3H2O(l) 
�Hreaction � �1561 kJ/mol
�Sreaction � �0.4084 kJ/mol•K

Mixed Review
484. Calculate �� for the reaction of fluorine with water:

F2(g) � H2O(l) → 2HF(g) � O2(g)
485. Calculate �� for the reaction of calcium oxide and

sulfur trioxide:
CaO(s) � SO3(g) → CaSO4(s)

Use the following equations and data:
H2O(l) � SO3(g) → H2SO4(l)

�H � �132.5 kJ/mol
H2SO4(l) � Ca(s) → CaSO4(s) � H2(g)

�H � �602.5 kJ/mol
Ca(s) � O2(g) → CaO(s)

�H � �634.9 kJ/mol
H2(g) � O2(g) → H2O(l)

�H � �285.8 kJ/mol

486. Calculate �� for the reaction of sodium oxide with
sulfur dioxide:

Na2O(s) � SO2(g) → Na2SO3(s)
487. Use enthalpies of combustion to calculate �H for the

oxidation of 1-butanol to make butanoic acid:
C4H9OH(l) � O2(g) → C3H7COOH(l) � H2O(l) 

Combustion of butanol:
C4H9OH(l) � 6O2(g) → 4CO2(g) � 5H2O(l)

�Hc � � 2675.9 kJ/mol

Combustion of butanoic acid:
C3H7COOH(l) � 5O2(g) → 4CO2(g) � 4H2O(l)

�Hc � � 2183.6 kJ/mol
488. Determine the free energy change for the reduction of

CuO with hydrogen. Products and reactants are at 25°C.
CuO(s) � H2(g) → Cu(s) � H2O(l)

�H � �128.5 kJ/mol
�S � �70.1 J/mol•K

489. Calculate the enthalpy change at 25°C for the reaction
of sodium iodide and chlorine. Use only the data given.

NaI(s) � Cl2(g) → NaCl(s) � I2(l)

�S � �79.9 J/mol•K
�G � �98.0 kJ/mol

490. The element bromine can be produced by the reaction
of hydrogen bromide and manganese(IV) oxide:
4HBr(g) � MnO2(s) → MnBr2(s) � 2H2O(l) � Br2(l)

�H for the reaction is �291.3 kJ/mol at 25°C. Use this
value and the following values of �Hf

0 to calculate
�Hf

0 of MnBr2(s).

�Hf
0
HBr

� �36.29 kJ/mol

�Hf
0
MnO2

� �520.0 kJ/mol

�Hf
0
H2O

� �285.8 kJ/mol

�Hf
0
Br2

� 0.00 kJ/mol

491. Calculate the change in entropy, �S, at 25°C for the
reaction of calcium carbide with water to produce
acetylene gas:

CaC2(s) � 2H2O(l) → C2H2(g) � Ca(OH)2(s)

�G � �147.7 kJ/mol
�H � �125.6 kJ/mol

492. Calculate the free energy change for the explosive
decomposition of ammonium nitrate at 25°C. Note
that H2O is a gas in this reaction:

NH4NO3(s) → N2O(g) � 2H2O(g)

�S � 446.4 J/mol•K
493. In locations where natural gas, which is mostly

methane, is not available, many people burn propane,
which is delivered by truck and stored in a tank under
pressure. 
a. Write the chemical equations for the complete com-

bustion of 1 mol of methane, CH4, and 1 mol of
propane, C3H8. 

b. Calculate the enthalpy change for each reaction to
determine the amount of energy as heat evolved by
burning 1 mol of each fuel.

c. Using the molar enthalpies of combustion you calcu-
lated, determine the energy output per kilogram 
of each fuel. Which fuel yields more energy per 
unit mass?

494. The hydration of acetylene to form acetaldehyde is
shown in the following equation:

C2H2(g) � H2O(l) → CH3CHO(l) 
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Use enthalpies of combustion for C2H2 and CH3CHO
to compute the enthalpy of the above reaction.

C2H2(g) � 2O2(g) → 2CO2(g) � H2O(l)
�H � �1299.6 kJ/mol

CH3CHO(l) � 2O2(g) → 2CO2(g) � 2H2O(l)
�H � �1166.9 kJ/mol

495. Calculate the enthalpy for the combustion of decane.
�Hf

0 for liquid decane is � 300.9 kJ/mol.
C10H22(l) � 15O2(g) → 10CO2(g) � 11H2O(l)

496. Find the enthalpy of the reaction of magnesium oxide
with hydrogen chloride:

MgO(s) � 2HCl(g) → MgCl2(s) � H2O(l)

Use the following equations and data.
Mg(s) � 2HCl(g) → MgCl2(s) � H2(g)

�H � �456.9 kJ/mol
Mg(s) � O2(g) → MgO(s)

�� � � 601.6 kJ/mol
H2O(l) → H2(g) � O2(g)

�� � �285.8 kJ/mol

497. What is the free energy change for the following reac-
tion at 25°C?

2NaOH(s) � 2Na(s) ⎯→� 2 Na2O(s) � H2(g)
�S � 10.6 J/mol•K �Hf

0
NaOH

� �425.9 kJ/mol

498. The following equation represents the reaction
between gaseous HCl and gaseous ammonia to form
solid ammonium chloride:

NH3(g) � HCl(g) → NH4Cl(s)
Calculate the entropy change in J/mol•K for the reac-
tion of hydrogen chloride and ammonia at 25°C using
the following data and the table following item 500.
�G � � 91.2 kJ/mol

499. The production of steel from iron involves the removal
of many impurities in the iron ore. The following equa-
tions show some of the purifying reactions. Calculate
the enthalpy for each reaction. Use the table 
following item 500 and the data given below.
a. 3C(s) � Fe2O3(s) → 3CO(g) � 2Fe(s)

�Hf
0

CO(g)
� �110.53 kJ/mol

b. 3Mn(s) � Fe2O3(s) → 3MnO(s) � 2Fe(s)
�Hf

0
MnO(s)

� �384.9 kJ/mol

c. 12P(s) � 10Fe2O3(s) → 3P4O10(s) � 20Fe(s)
�Hf

0
P4O10(s)

� �3009.9 kJ/mol

d. 3Si(s) � 2Fe2O3(s) → 3SiO2(s) � 4Fe(s)
�Hf

0
SiO2(s)

� �910.9 kJ/mol

e. 3S(s) � 2Fe2O3(s) → 3SO2(g) � 4Fe(s)

Equilibrium: Chap. 18, Sec. 1

500. Calculate the equilibrium constants for the following
hypothetical reactions. Assume that all components of
the reactions are gaseous.
a. A ←→ C � D

At equilibrium, the concentration of A is 2.24 �
10�2 M and the concentrations of both C and D are
6.41 � 10�3 M.

b. A � B ←→ C � D
At equilibrium, the concentrations of both A and B
are 3.23 � 10�5 M and the concentrations of both C
and D are 1.27 � 10�2 M.

c. A � B ←→ 2C
At equilibrium, the concentrations of both A and B
are 7.02 � 10�3 M and the concentration of C is
2.16 � 10�2 M.

d. 2A ←→ 2C � D
At equilibrium, the concentration of A is 6.59 �
10�4 M. The concentration of C is 4.06 � 10�3 M,
and the concentration of D is 2.03 � 10�3 M.

e. A � B ←→ C � D � E
At equilibrium, the concentrations of both A and B
are 3.73 � 10�4 M and the concentrations of C, D,
and E are 9.35 � 10�4 M.

f. 2A � B ←→ 2C
At equilibrium, the concentration of A is 
5.50 � 10�3 M, the concentration of B is 2.25 � 10�3,
and the concentration of C is 1.02 � 10�2 M.

501. Calculate the concentration of product D in the fol-
lowing hypothetical reaction:

2A(g) ←→ 2C(g) � D(g)

At equilibrium, the concentration of A is 
1.88 � 10�1 M, the concentration of C is 6.56 M,
and the equilibrium constant is 2.403 � 102.

502. At a temperature of 700 K, the equilibrium constant is
3.164 � 103 for the following reaction system for the
hydrogenation of ethene, C2H4 , to ethane, C2H6 :

C2H4(g) � H2(g) ←→ C2H6(g)
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�H0
f �H0

f
Substance (kj/mol) Substance (kj/mol)

NH3(g) �45.9 HF(g) �273.3

NH4Cl(s) �314.4 H2O(g) �241.82

NH4F(s) �125 H2O(l) �285.8

NH4NO3(s) �365.56 H2O2(l) �187.8

Br2(l) 0.00 H2SO4(l) �813.989

CaCO3(s) �1207.6 FeO(s) �825.5

CaO(s) �634.9 Fe2O3(s) �1118.4

CH4(g) �74.9 MnO2(s) �520.0

C3H8(g) �104.7 N2O(g) �82.1

CO2(g) �393.5 O2(g) 0.00

F2(g) 0.00 Na2O(s) �414.2

H2(g) 0.00 Na2SO3(s) �1101

HBr(g) �36.29 SO2(g) �296.8

HCl(g) �92.3 SO3(g) �395.7

For problems 498–499



What will be the equilibrium concentration of
ethene if the concentration of H2 is 0.0619 M and
the concentration of C2H6 is 1.055 M?

Mixed Review
503. Using the reaction A � 2B ←→ C � 2D, determine the

equilibrium constant if the following equilibrium con-
centrations are found. All components are gases.

[A] � 0.0567 M
[B] � 0.1171 M
[C] � 0.000 3378 M
[D] � 0.000 6756 M

504. In the reaction 2A ←→ 2C � 2D, determine the equilib-
rium constant when the following equilibrium concen-
trations are found. All components are gases.
[A] � 0.1077 M
[C] � 0.000 4104 M
[D] � 0.000 4104 M

505. Calculate the equilibrium constant for the following
reaction. Note the phases of the components.

2A(g) � B(s) ←→ C(g) � D(g)

The equilibrium concentrations of the components are 
[A] � 0.0922 M
[C] � 4.11 � 10�4 M
[D] � 8.22 � 10�4 M

506. The equilibrium constant of the following reaction for
the decomposition of phosgene at 25°C is 
4.282 � 10�2.

COCl2(g) ←→ CO(g) � Cl2(g)

a. What is the concentration of COCl2 when the con-
centrations of both CO and Cl2 are 5.90 � 10�3 M?

b. When the equilibrium concentration of COCl2 is
0.003 70 M, what are the concentrations of CO and
Cl2? Assume the concentrations are equal.

507. Consider the following hypothetical reaction.
A(g) � B(s) ←→ C(g) � D(s)

a. If K � 1 for this reaction at 500 K, what can you 
say about the concentrations of A and C at 
equilibrium?

b. If raising the temperature of the reaction results in
an equilibrium with a higher concentration of C
than A, how will the value of K change?

508. The following reaction occurs when steam is passed
over hot carbon. The mixture of gases it generates is
called water gas and is useful as an industrial fuel and
as a source of hydrogen for the production of ammonia.

C(s) � H2O(g) ←→ CO(g) � H2(g)

The equilibrium constant for this reaction is 
4.251 � 10�2 at 800 K. If the equilibrium concentra-
tion of H2O(g) is 0.1990 M, what concentrations of
CO and H2 would you expect to find?

509. When nitrogen monoxide gas comes in contact with
air, it oxidizes to the brown gas nitrogen dioxide
according to the following equation:

2NO(g) � O2(g) ←→ 2NO2(g)

a. The equilibrium constant for this reaction at 500 K
is 1.671 � 104. What concentration of NO2 is pres-
ent at equilibrium if [NO] � 6.200 � 10�2 M and
[O2] � 8.305 � 10�3 M?

b. At 1000 K, the equilibrium constant, K, for the
same reaction is 1.315 � 10�2. What will be the con-
centration of NO2 at 1000 K given the same concen-
trations of NO and O2 as were in (a)?

510. Consider the following hypothetical reaction, for
which K � 1 at 300 K:

A(g) � B(g) ←→ 2C(g)

a. If the reaction begins with equal concentrations of
A and B and a zero concentration of C, what can
you say about the relative concentrations of the
components at equilibrium?

b. Additional C is introduced at equilibrium, and the
temperature remains constant. When equilibrium is
restored, how will the concentrations of all compo-
nents have changed? How will K have changed?

511. The equilibrium constant for the following reaction of
hydrogen gas and bromine gas at 25°C is 5.628 � 1018:

H2(g) � Br2(g) ←→ 2HBr(g)

a. Write the equilibrium expression for this reaction.
b. Assume that equimolar amounts of H2 and Br2

were present at the beginning. Calculate the equi-
librium concentration of H2 if the concentration of
HBr is 0.500 M.

c. If equal amounts of H2 and Br2 react, which reac-
tion component will be present in the greatest con-
centration at equilibrium? Explain your reasoning.

512. The following reaction reaches an equilibrium state:

N2F4(g) ←→ 2NF2(g)

At equilibrium at 25°C the concentration of N2F4 is
found to be 0.9989 M and the concentration of NF2 is
1.131 � 10�3 M. Calculate the equilibrium constant of
the reaction.

513. The equilibrium between dinitrogen tetroxide and nitro-
gen dioxide is represented by the following equation:

N2O4(g) ←→ 2NO2(g)

A student places a mixture of the two gases into a
closed gas tube and allows the reaction to reach equi-
librium at 25°C. At equilibrium, the concentration of
N2O4 is found to be 5.95 � 10�1 M and the concentra-
tion of NO2 is found to be 5.24 � 10�2 M. What is the
equilibrium constant of the reaction?

514. Consider the following equilibrium system:

NaCN(s) � HCl(g) ←→ HCN(g) � NaCl(s)

a. Write a complete expression for the equilibrium
constant of this system.

b. The equilibrium constant for this reaction is 2.405 �
106. What is the concentration of HCl remaining
when the concentration of HCN is 0.8959 M?

515. The following reaction is used in the industrial pro-
duction of hydrogen gas:

CH4(g) � H2O(g) ←→ CO(g) � 3H2(g)
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The equilibrium constant of this reaction at 298 K
(25°C) is 3.896 � 10�27, but at 1100 K the constant is
3.112 � 102. 
a. What do these equilibrium constants tell you about

the progress of the reaction at the two tempera-
tures?

b. Suppose the reaction mixture is sampled at 
1100 K and found to contain 1.56 M of hydrogen, 
3.70 � 10�2 M of methane, and 8.27 � 10�1 M of
gaseous H2O. What concentration of carbon
monoxide would you expect to find? 

516. Dinitrogen tetroxide, N2O4 , is soluble in cyclohexane,
a common nonpolar solvent. While in solution, N2O4
can break down into NO2 according to the following
equation:

N2O4(cyclohexane) ←→ ΝΟ2(cyclohexane)

At 20°C, the following concentrations were observed
for this equilibrium reaction: 
[N2O4] � 2.55 � 10�3 M 
[NO2] � 10.4 � 10�3 M

What is the value of the equilibrium constant for this
reaction? Note: the chemical equation must be bal-
anced first.

517. The reaction given in item 516 also occurs when the
dinitrogen tetroxide and nitrogen dioxide are dis-
solved in carbon tetrachloride, CCl4, another nonpolar
solvent.

N2O4(CCl4) ←→ ΝΟ2(CCl4)

The following experimental data were obtained at
20°C:
[N2O4] � 2.67 � 10�3 M 
[NO2] � 10.2 � 10�3 M

Calculate the value of the equilibrium constant for this
reaction occurring in carbon tetrachloride.

Equilibrium of Acids and Bases Ka
and Kb: Chap. 18, Sec. 3

518. At 25°C, a 0.025 M solution of formic acid, HCOOH,
is found to have a hydronium ion concentration of
2.03 � 10�3 M. Calculate the ionization constant of
formic acid.

519. The pH of a 0.400 M solution of iodic acid, HIO3 , is
0.726 at 25°C. What is the Ka at this temperature?

520. The pH of a 0.150 M solution of hypochlorous acid,
HClO, is found to be 4.55 at 25°C. Calculate the Ka
for HClO at this temperature.

521. The compound propylamine, CH3CH2CH2NH2 , is a
weak base. At equilibrium, a 0.039 M solution of pro-
pylamine has an OH� concentration of 3.74 � 10�3 M.
Calculate the pH of this solution and Kb for propyl-
amine.

522. The Ka of nitrous acid is 4.6 � 10�4 at 25°C. Calculate
the [H3O�] of a 0.0450 M nitrous acid solution.

Mixed Review
523. Hydrazoic acid, HN3 , is a weak acid. The [H3O�] of a

0.102 M solution of hydrazoic acid is 1.39 � 10�3 M.
Determine the pH of this solution, and calculate Ka at
25°C for HN3 .

524. Bromoacetic acid, BrCH2COOH, is a moderately
weak acid. A 0.200 M solution of bromoacetic acid has
a H3O� concentration of 0.0192 M. Determine the pH
of this solution and the Ka of bromoacetic acid at
25°C.

525. A base, B, dissociates in water according to the fol-
lowing equation:

B � H2O ←→ ΒΗ� � OH�

Complete the following table for base solutions with
the characteristics given.
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Initial [B] at
[B] Equilibrium [OH�] Kb [H3O�] pH

a. 0.400 M NA 2.70 � ? ? M ?
10�4 M

b. 0.005 50 M ? M 8.45 � ? NA ?
10�4 M

c. 0.0350 M ? M ? M ? ? M 11.29

d. ? M 0.006 28 M 0.000 ? NA ?
92 M

526. The solubility of benzoic acid, C6H5COOH, in water
at 25°C is 2.9 g/L. The pH of this saturated solution is
2.92. Determine Ka at 25°C for benzoic acid. (Hint:
first calculate the initial concentration of benzoic
acid.)

527. A 0.006 50 M solution of ethanolamine,
H2NCH2CH2OH, has a pH of 10.64 at 25°C. Calculate
the Kb of ethanolamine. What concentration of undis-
sociated ethanolamine remains at equilibrium?

528. The weak acid hydrogen selenide, H2Se, has two
hydrogen atoms that can form hydronium ions. The
second ionization is so small that the concentration of
the resulting H3O� is insignificant. If the [H3O�] of a
0.060 M solution of H2Se is 2.72 � 10�3 M at 25°C,
what is the Ka of the first ionization?

529. Pyridine, C5H5N, is a very weak base. Its Kb at 25°C is
1.78 � 10�9. Calculate the [OH�] and pH of a 0.140 M
solution. Assume that the concentration of pyridine at
equilibrium is equal to its initial concentration because
so little pyridine is dissociated.

530. A solution of a monoprotic acid, HA, at equilibrium is
found to have a 0.0208 M concentration of nonionized
acid. The pH of the acid solution is 2.17. Calculate the
initial acid concentration and Ka for this acid. 

531. Pyruvic acid, CH3COCOOH, is an important interme-
diate in the metabolism of carbohydrates in the cells
of the body. A solution made by dissolving 438 mg of
pyruvic acid in 10.00 mL of water is found to have a
pH of 1.34 at 25°C. Calculate Ka for pyruvic acid.



532. The [H3O�] of a solution of acetoacetic acid,
CH3COCH2COOH, is 4.38 � 10�3 M at 25°C. The
concentration of nonionized acid is 0.0731 M at
equilibrium. Calculate Ka for acetoacetic acid at 25°C.

533. The Ka of 2-chloropropanoic acid, CH3CHClCOOH,
is 1.48 � 10�3. Calculate the [H3O�] and the pH of a
0.116 M solution of 2-chloropropionic acid. Let x �
[H3O�]. The degree of ionization of the acid is too
large to ignore. If your set up is correct, you will have
a quadratic equation to solve.

534. Sulfuric acid ionizes in two steps in water solution. For
the first ionization shown in the following equation,
the Ka is so large that in moderately dilute solution
the ionization can be considered 100%. 

H2SO4 � H2O → H3O� � HSO4
�

The second ionization is fairly strong, and Ka �
1.3 � 10�2:

HSO4
� � H2O ←→ Η3Ο� � SO4

2�

Calculate the total [H3O�] and pH of a 0.0788 M
H2SO4 solution. Hint: If the first ionization is 100%,
what will [HSO4

�] and [H3O�] be? Remember to
account for the already existing concentration of
H3O� in the second ionization. Let x � [SO4

2�].

535. The hydronium ion concentration of a 0.100 M solu-
tion of cyanic acid, HOCN, is found to be 5.74 �
10�3 M at 25°C. Calculate the ionization constant of
cyanic acid. What is the pH of this solution?

536. A solution of hydrogen cyanide, HCN, has a 0.025 M
concentration. The cyanide ion concentration is found
to be 3.16 � 10�6 M.
a. What is the hydronium ion concentration of this

solution?
b. What is the pH of this solution?
c. What is the concentration of nonionized HCN in

the solution? Be sure to use the correct number of
significant figures.

d. Calculate the ionization constant of HCN.
e. How would you characterize the strength of HCN

as an acid?
f. Determine the [H3O�] for a 0.085 M solution of

HCN.

537. A 1.20 M solution of dichloroacetic acid, CCl2HCOOH,
at 25°C has a hydronium ion concentration of 0.182 M.
a. What is the pH of this solution?
b. What is the Ka of dichloroacetic acid at 25°C?
c. What is the concentration of nonionized

dichloroacetic acid in this solution?
d. What can you say about the strength of

dichloroacetic acid?

538. Phenol, C6H5OH, is a very weak acid. The pH of a
0.215 M solution of phenol at 25°C is found to be 5.61.
Calculate the Ka for phenol.

539. A solution of the simplest amino acid, glycine
(NH2CH2COOH), is prepared by dissolving 3.75 g in
250.0 mL of water at 25°C. The pH of this solution is
found to be 0.890.
a. Calculate the molarity of the glycine solution.
b. Calculate the Ka for glycine.

540. Trimethylamine, (CH3)3N, dissociates in water the
same way that NH3 does—by accepting a proton from
a water molecule. The [OH�] of a 0.0750 M solution
of trimethylamine at 25°C is 2.32 � 10�3 M. Calculate
the pH of this solution and the Kb of trimethylamine.

541. Dimethylamine, (CH3)2NH, is a weak base similar to
the trimethylamine in item 540. A 5.00 � 10�3 M solu-
tion of dimethylamine has a pH of 11.20 at 25°C.
Calculate the Kb of dimethylamine. Compare this Kb
with the Kb for trimethylamine that you calculated in
item 540. Which substance is the stronger base?

542. Hydrazine dissociates in water solution according to
the following equations:

H2NNH2 � H2O(l) ←→ H2NNH3
�(aq) � OH�(aq)

H2NNH3
�(aq) � H2O(l) ←→ H3NNH3

2�(aq) � OH�(aq)

The Kb of this second dissociation is 8.9 � 10�16, so it
contributes almost no hydroxide ions in solution and
can be ignored here. 
a. The pH of a 0.120 M solution of hydrazine at 25°C

is 10.50. Calculate Kb for the first ionization of
hydrazine. Assume that the original concentration
of H2NNH2 does not change.

b. Make the same assumption as you did in (a) and
calculate the [OH�] of a 0.020 M solution.

c. Calculate the pH of the solution in (b).

Equilibrium of Salts, Ksp: Chap. 18,
Sec. 4

543. Silver bromate, AgBrO3, is slightly soluble in water. A
saturated solution is found to contain 0.276 g AgBrO3
dissolved in 150.0 mL of water. Calculate Ksp for silver
bromate.

544. 2.50 L of a saturated solution of calcium fluoride
leaves a residue of 0.0427 g of CaF2 when evaporated
to dryness. Calculate the Ksp of CaF2 .

545. The Ksp of calcium sulfate, CaSO4, is 9.1 � 10�6. What
is the molar concentration of CaSO4 in a saturated
solution?

546. A salt has the formula X2Y, and its Ksp is 4.25 � 10�7. 
a. What is the molarity of a saturated solution of the

salt?
b. What is the molarity of a solution of AZ if its Ksp is

the same value?

In each of the following problems, include the cal-
culated ion product with your answer.

547. Will a precipitate of Ca(OH)2 form when 320. mL of a
0.046 M solution of NaOH mixes with 400. mL of a
0.085 M CaCl2 solution? Ksp of Ca(OH)2 is 5.5 � 10�6.

548. 20.00 mL of a 0.077 M solution of silver nitrate,
AgNO3 , is mixed with 30.00 mL of a 0.043 M solution
of sodium acetate, NaC2H3O2 . Does a precipitate
form? The Ksp of AgC2H3O2 is 2.5 � 10�3.

549. If you mix 100. mL of 0.036 M Pb(C2H3O2)2 with 
50. mL of 0.074 M NaCl, will a precipitate of PbCl2
form? The Ksp of PbCl2 is 1.9 � 10�4 .
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550. If 20.00 mL of a 0.0090 M solution of (NH4)2S is
mixed with 120.00 mL of a 0.0082 M solution of
Al(NO3)3 , does a precipitate form? The Ksp of Al2S3
is 2.00 � 10�7.

Mixed Review
551. The molar concentration of a saturated calcium chro-

mate, CaCrO4 , solution is 0.010 M at 25°C. What is the
Ksp of calcium chromate?

552. A 10.00 mL sample of a saturated lead selenate solu-
tion is found to contain 0.00136 g of dissolved PbSeO4
at 25°C. Determine the Ksp of lead selenate.

553. A 22.50 mL sample of a saturated copper(I) thio-
cyanate, CuSCN, solution at 25°C is found to have a 
4.0 � 10�6 M concentration.
a. Determine the Ksp of CuSCN.
b. What mass of CuSCN would be dissolved in 

1.0 � 103 L of solution?

554. A saturated solution of silver dichromate, Ag2Cr2O7 ,
has a concentration of 3.684 � 10�3 M. Calculate the
Ksp of silver dichromate.

555. The Ksp of barium sulfite, BaSO3 , at 25°C is 
8.0 � 10�7 .
a. What is the molar concentration of a saturated solu-

tion of BaSO3 ?
b. What mass of BaSO3 would dissolve in 500. mL of

water?

556. The Ksp of lead(II) chloride at 25°C is 1.9 � 10�4.
What is the molar concentration of a saturated solu-
tion at 25°C?

557. The Ksp of barium carbonate at 25°C is 1.2 � 10�8.
a. What is the molar concentration of a saturated solu-

tion of BaCO3 at 25°C?
b. What volume of water would be needed to dissolve

0.10 g of barium carbonate?

558. The Ksp of SrSO4 is 3.2 � 10�7 at 25°C.
a. What is the molar concentration of a saturated

SrSO4 solution?
b. If 20.0 L of a saturated solution of SrSO4 were

evaporated to dryness, what mass of SrSO4 would
remain?

559. The Ksp of strontium sulfite, SrSO3 , is 4.0 � 10�8 at
25°C. If 1.0000 g of SrSO3 is stirred in 5.0 L of water
until the solution is saturated and then filtered, what
mass of SrSO3 would remain?

560. The Ksp of manganese(II) arsenate is 1.9 � 10�11 at
25°C. What is the molar concentration of Mn3(AsO4)2
in a saturated solution? Note that five ions are pro-
duced from the dissociation of Mn3(AsO4)2 .

561. Suppose that 30.0 mL of a 0.0050 M solution of
Sr(NO3)2 is mixed with 20.0 mL of a 0.010 M solution
of K2SO4 at 25°C. The Ksp of SrSO4 is 3.2 � 10�7.
a. What is the ion product of the ions that can poten-

tially form a precipitate?
b. Does a precipitate form?

562. Lead(II) bromide, PbBr2 , is slightly soluble in water.
Its Ksp is 6.3 � 10�6 at 25°C. Suppose that 120. mL 

of a 0.0035 M solution of MgBr2 is mixed with 180. mL
of a 0.0024 M Pb(C2H3O2)2 solution at 25°C.
a. What is the ion product of Br� and Pb2� in the

mixed solution?
b. Does a precipitate form?

563. The Ksp of Mg(OH)2 at 25°C is 1.5 � 10�11 .
a. Write the equilibrium equation for the dissociation

of Mg(OH)2 .
b. What volume of water would be required to dis-

solve 0.10 g of Mg(OH)2 ?
c. Considering that magnesium hydroxide is essen-

tially insoluble, why is it possible to titrate a suspen-
sion of Mg(OH)2 to an equivalence point with a
strong acid such as HCl?

564. Lithium carbonate is somewhat soluble in water; its
Ksp at 25°C is 2.51 � 10�2 .
a. What is the molar concentration of a saturated

Li2CO3 solution?
b. What mass of Li2CO3 would you dissolve in order

to make 3440 mL of saturated solution?
565. A 50.00 mL sample of a saturated solution of barium

hydroxide, Ba(OH)2 , is titrated to the equivalence
point by 31.61 mL of a 0.3417 M solution of HCl.
Determine the Ksp of Ba(OH)2 .

566. Calculate the Ksp for salts represented by QR that dis-
sociate into two ions, Q� and R�, in each of the fol-
lowing solutions:
a. saturated solution of QR is 1.0 M
b. saturated solution of QR is 0.50 M
c. saturated solution of QR is 0.1 M
d. saturated solution of QR is 0.001 M

567. Suppose that salts QR, X2Y, KL2 , A3Z, and D2E3
form saturated solutions that are 0.02 M in concentra-
tion. Calculate Ksp for each of these salts.

568. The Ksp at 25°C of silver bromide is 5.0 � 10�13. What
is the molar concentration of a saturated AgBr solu-
tion? What mass of silver bromide would dissolve in
10.0 L of saturated solution at 25°C?

569. The Ksp at 25°C for calcium hydroxide is 5.5 � 10�6.
a. Calculate the molarity of a saturated Ca(OH)2 solu-

tion.
b. What is the OH� concentration of this solution?
c. What is the pH of the saturated solution?

570. The Ksp of magnesium carbonate is 3.5 � 10�8 at
25°C. What mass of MgCO3 would dissolve in 4.00 L
of water at 25°C?

Redox Equations: Chap. 19, Sec. 2
Reactions in Acidic Solution

Balance the following redox equations. Assume
that all reactions take place in an acid environment
where H� and H2O are readily available.

571. Fe � SnCl4 → FeCl3 � SnCl2
572. H2O2 � FeSO4 � H2SO4 → Fe2(SO4)3 � H2O
573. CuS � HNO3 → Cu(NO3)2 � NO � S � H2O
574. K2Cr2O7 � HI → CrI3 � KI � I2 � H2O
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Reactions in Basic Solution
Balance the following redox equations. Assume
that all reactions take place in a basic environment
where OH� and H2O are readily available.

575. CO2 � NH2OH → CO � N2 � H2O

576. Bi(OH)3 � K2SnO2 → Bi � K2SnO3

(Both of the potassium-tin-oxygen compounds dissoci-
ate into potassium ions and tin-oxygen ions.)

Mixed Review
Balance each of the following redox equations.
Unless stated otherwise, assume that the reaction
occurs in acidic solution.

577. Mg � N2 → Mg3N2

578. SO2 � Br2 � H2O → HBr � H2SO4

579. H2S � Cl2 → S � HCl

580. PbO2 � HBr → PbBr2 � Br2 � H2O

581. S � HNO3 → NO2 � H2SO4 � H2O

582. NaIO3 � N2H4 � HCl → N2 � NaICl2 � H2O (N2H4
is hydrazine; do not separate it into ions.)

583. MnO2 � H2O2 � HCl → MnCl2 � O2 � H2O

584. AsH3 � NaClO3 → H3AsO4 � NaCl (AsH3 is arsine,
the arsenic analogue of ammonia, NH3.)

585. K2Cr2O7 � H2C2O4 � HCl → CrCl3 � CO2 � KCl �
H2O (H2C2O4 is oxalic acid; it can be treated as 
2H� � C2O4

2�.)

586. Hg(NO3)2
heat⎯→ HgO � NO2 � O2 (The reaction is not

in solution.)

587. HAuCl4 � N2H4 → Au � N2 � HCl (HAuCl4 can be
considered as H� � AuCl4

�.)

588. Sb2(SO4)3 � KMnO4 � H2O →
H3SbO4 � K2SO4 � MnSO4 � H2SO4

589. Mn(NO3)2 � NaBiO3 � HNO3 →
Bi(NO3)2 � HMnO4 � NaNO3 � H2O

590. H3AsO4 � Zn � HCl → AsH3 � ZnCl2 � H2O

591. KClO3 � HCl → Cl2 � H2O � KCl

592. The same reactants as in item 591 can combine in the
following way when more KClO3 is present. Balance
the equation.

KClO3 � HCl → Cl2 � ClO2 � H2O � KCl

593. MnCl3 � H2O → MnCl2 � MnO2 � HCl

594. NaOH � H2O � Al → NaAl(OH)4 � H2 in basic
solution

595. Br2 � Ca(OH)2 → CaBr2 � Ca(BrO3)2 � H2O in
basic solution

596. N2O � NaClO � NaOH → NaCl � NaNO2 � H2O in
basic solution

597. Balance the following reaction, which can be used to
prepare bromine in the laboratory:

HBr � MnO2 → MnBr2 � H2O � Br2

598. The following reaction occurs when gold is dissolved
in aqua regia. Balance the equation.

Au � HCl � HNO3 → HAuCl4 � NO � H2O

Electrochemistry: Chap. 20, Sec. 2

Use the reduction potentials in the table on page
915 to determine whether the following reactions
are spontaneous as written. Report the E0

cell for the
reactions.

599. Cu2� � Fe → Fe2� � Cu
600. Pb2� � Fe2� → Fe3� � Pb
601. Mn2� � 4H2O � Sn2� → MnO4

� � 8H� � Sn
602. MnO4

2�
� Cl2 → MnO4

� � 2Cl�

603. Hg2
2�

� 2MnO4
2� → 2Hg � 2MnO4

�

604. 2Li� � Pb → 2Li � Pb2�

605. Br2 � 2Cl� → 2Br� � Cl2
606. S � 2I� → S2� � I2

If a cell is constructed in which the following pairs
of reactions are possible, what would be the cath-
ode reaction, the anode reaction, and the overall
cell voltage?

607. Ca2� � 2e�←→ Ca
Fe3� � 3e� ←→ Fe

608. Ag� � e� ←→ Ag 
S � 2H� � 2e� ←→ H2S

609. Fe3� � e� ←→ Fe2�

Sn2� � 2e� ←→ Sn
610. Cu2� � 2e� ←→ Cu 

Au3� � 3e� ←→ Au

Mixed Review
Use reduction potentials to determine whether the
reactions in the following 10 problems are sponta-
neous.

611. Ba � Sn2� → Ba2� � Sn

612. Ni � Hg2� → Ni2� � Hg

613. 2Cr3� � 7 H2O � 6Fe3� → Cr2O7
2�

� 14H� � 6Fe2�

614. Cl2 � Sn → 2Cl� � Sn2�

615. Al � 3Ag� → Al3� � 3Ag

616. Hg2
2�

� S2� → 2Hg � S

617. Ba � 2Ag� → Ba2� � 2Ag

618. 2I� � Ca2� → I2 � Ca

619. Zn � 2MnO4
� → Zn2� � 2MnO4

2�

620. 2Cr3� � 3Mg2� � 7H2O → Cr2O7
2�

� 14H� � 3Mg
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In the following problems, you are given a pair of
reduction half-reactions. If a cell were constructed
in which the pairs of half-reactions were possible,
what would be the balanced equation for the 
overall cell reaction that would occur? Write the
half-reactions that occur at the cathode and anode,
and calculate the cell voltage.

621. Cl2 � 2e� ←→ 2Cl�

Ni2� � 2e� ←→ Ni

622. Fe3� � 3e� ←→ Fe

Hg2� � 2e� ←→ Hg

623. MnO4
� � e� ←→ MnO4

2�

Al3� � 3e� ←→ Al

624. MnO4
� � 8H� � 5e� ←→ Mn2� � 4H2O

S � 2H� � 2e� ←→ H2S

625. Ca2� � 2e� ←→ Ca

Li� � e� ←→ Li

626. Br2 � 2e� ←→ 2Br�

MnO4
� � 8H� � 5e� ←→ Mn2� � 4H2O

627. Sn2� � 2e� ←→ Sn

Fe3� � e� ←→ Fe2�

628. Zn2� � 2e� ←→ Zn

Cr2O7
2�

� 14H� � 6e� ←→ 2Cr3� � 7H2O

629. Ba2� � 2e� ←→ Ba

Ca2� � 2e� ←→ Ca

630. Hg2
2�

� 2e� ←→ 2Hg

Cd2� � 2e� ←→ Cd

For problems 599–606

Standard Standard
Electrode Electrode
Potential, Potential,

Reduction E0 Reduction E0

Half-reaction (in volts) Half-reaction (in volts)

MnO�
4 � 8H� � 5e� ←→

Mn2� � 4H2O �1.50 Fe3� � 3e� ←→ Fe �0.04

Au3� � 3e� ←→ Au �1.50 Pb2� � 2e� ←→ Pb �0.13

Cl2 � 2e� ←→ 2Cl� �1.36 Sn2� � 2e� ←→ Sn �0.14

Cr2O2
7
�
� 14H� � 6e� ←→

2Cr3� � 7H2O �1.23 Ni2� � 2e� ←→ Ni �0.26

MnO2 � 4H� � 2e� ←→
Mn2� � 2H2O �1.22 Cd2� � 2e� ←→ Cd �0.40

Br2 � 2e� ←→ 2Br� �1.07 Fe2� � 2e� ←→ Fe �0.45

Hg2� � 2e� ←→ Hg �0.85 S � 2e� ←→ S2� �0.48

Ag� � e� ←→ Ag �0.80 Zn2� � 2e� ←→ Zn �0.76

Hg2
2
� � 2e� ←→ 2Hg �0.80 Al3� � 3e� ←→ Al �1.66

Fe3� � e� ←→ Fe2� �0.77 Mg2� � 2e� ←→ Mg �2.37

MnO�
4 � e� ←→ MnO2

4
�

�0.56 Na� � e� ←→ Na �2.71

I2 � 2e� ←→ 2l� �0.54 Ca2� � 2e� ←→ Ca �2.87

Cu2� � 2e� ←→ Cu �0.34 Ba2� � 2e� ←→ Ba �2.91

S � 2H�(aq) � 2e� ←→
H2S(aq) �0.14 K� � e� ←→ K �2.93

2H�(aq) � 2e� ←→ H2 0.00 Li� � e� ←→ Li �3.04




