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.,.. Concept Map-Summary of 
Stoichiometry We use a 
strategy map to show the 
application of unit factors to 
solve problems by unit analysis. 
In this chapter, we have related 
the masses of substances and 
volumes of gases according to 
the coefficients of a balanced 
equation~ Now, let's summarize 
stoichiometry calculations using 
a concept map that relates. 
these concepts. 

reactant reactant gas .......... I product gas product 

(a) Apply molar mass as a unit factor: 1 mol = ? g (refer to Periodic Table). 
(b) Apply mole ratio as a unit factor (refer to balanced equation coefficients). 
(c) Apply molar mass as a unit factor: 1 mol = ? g (refer to Periodic Table). 
(d) Apply molar as a unit factor: 1 mol = 22.4 Lat STP. 
(e) Apply molai as a unit factor: 1 mol = 22.4 Lat STP. 
(f) Apply volume ratio as a unit factor (refer to balanced equation coefficients). 

Key Te rm s Answers to Key Terms are in Appendix H. 

Select the key term that corresponds to each of the following definitions. 

1. the ratio of moles of reactants and products according to the coefficients in the bal
anced chemical equation 

2. the principle that equal volumes of gases contain equal numbers of molecules, at 
the same temperature and pressure 

3. the principle that states that the total mass of reactants in a chemical reaction is 
equal to the total mass of products 

4. the mass in grams of 1 mol of substance 
5. the relationship between amounts of substance (mass of a substance or volume of a 

gas) in a chemical reaction according to the balanced equation 
6. a type of stoichiometry calculation that relates the masses of two substances 
7. a type of stoichiometry calculation that relates the mass of a substance to the volume 

of a gas 
8. a type of stoichiometry calculation that relates the volumes of two gases at the same 

temperature and pressure 
9. the volume of 1 mol of gas at STP, that is, 22.4 L/mol 

__ 10. a temperature of 0 °C and a pressure of 1 atm 
__ 11. the principle that states that the volumes of gases that react in a chemical reaction 

are in the ratio of small whole numbers 
__ 12. the substance in a chemical reaction that controls the maximum amount of prod-

uct formed 
__ 13. the amount of product experimentally obtained from a given amount of reactant 
__ 14. the amount of product calculated to be obtained from a given amount of reactant 
__ 15. an expression for the actual yield compared to the theoretical yield 

Exe r c i s es Answers to odd-numbered Exercises are in Appendix I. 

(a) actual yield (Sec. 10.9) 

(b) Avogadro's theory 
(Sec. 10.1) 

(c) law of combining vol
umes (Sec. 10.6) 

(d) law of conservation of 
mass (Sec. 10.1) 

(e) limiting reactant (Sec. 10.7) 

(f) mass-mass problem 
(Sec. 10.3) 

(g) mass-volume problem 
(Sec. 10.3) 

(h) molar mass (Sec. 10.1) 

(i) molar volume (Sec. 10.5) 

(j) mole ratio (Sec. 10.1) 

(k) percent yield (Sec. 10.9) 

(l) standard temperature and 
pressure (STP) (Sec. 10.5) 

(m) stoichiometry (Sec. 10.3) 

(n) theoretical yield (Sec. 10.9) 

(o) volume-volume problem 
(Sec. 10.3) 

Interpreting a Chemical Equation (Sec. 10.1) 

Consider the general chemical equation 

2. Consider the general chemical equation 
2 A + 3 B ~ 2 C + D. 

A + 2 B ~ 3 C + 2 D. 
(a) How many moles of C are produced from 1 mol of A? 
(b) How many liters of gas B must react to give 2 L of gas D 

at the same temperature and pressure? 

(a) How many moles of C are produced from 2 mol of A? 
(b) How many liters of gas B must react to give 1 L of gas D 

at the same temperature and pressure? 



3. Consider the general chemical equation 2 A + 3 B - C. 
(a) If 1.00 g of A reacts with 1.50 g of B, what is the mass of C? 
(b) If 1.00 g of A reacts to produce 2.75 g of C, what is the 

mass of B? 

4. Consider the general chemical equation 3 A + B - 2 C. 
(a) If 1.50 g of A reacts with 1.65 g of B, what is the mass of C? 
(b) If 1.50 g of A reacts to produce 3.75 g of C, what is the 

mass ofB? 

5. Verify the conservation of mass law using the molar masses 
of reactants and products for each substance in the follow
ing balanced equations: 
(a) 2 N2(g) + 02(g) - 2 N20(g) 
(b) N2(g) + 2 0 2(g) - Nz04(g) 

6. Verify the conservation of mass law using the molar masses 
of reactants and products for each substance in the follow
ing balanced equations: 
(a) P4(s) + 3 02(g) - 2 P203(s) 
(b) P4(s) + 5 02(g) - 2 P20s(s) 

.. 
Mole-Mole Relationships (Sec. 10.2) 

7. Given the decomposition of hydrogen peroxide, calculate 
the moles of oxygen gas ptbduced from 5.00 mol of H20 2. 

2 H202(l) - 2 H2(g) + 02(g) 
8. Given the reaction of hydrogen and chlorine gases, calculate 

the moles of hydrogen that react to produce 5.00 mol of HCl. 

H2(g) + Cl2(g) - 2 HCl(g) 

9. How many moles of chlorine gas react with 0.100 mol of 
metallic iron? How many moles of iron(III) chloride 
are produced? 

Fe(s) + Cl2(g) - FeC13(s) 

10. How many moles of barium metal react to produce 0.100 mol 
of barium nitride? How many moles of nitrogen gas react? 

Ba(s) + N2(g) - Ba3N2(s) 

11. How many moles of propane gas, C3H8, react with 
2.50 mol of oxygen gas? How many moles of carbon diox
ide are produced? 

C3Hg(g) + 02(g) - C02(g) + H20(g) 

""' Propane Torch The 
reaction of propane gas, 
C3H8, and oxygen in the 
air releases heat energy. 
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12. How many moles of butane gas, C4H 10, react to produce 
2.50 mol of water? How many moles of oxygen gas react? 

C4H10(g) + 02(g) - C02(g) + HzO(g) 

Types of Stoichiometry Problems (Sec. 10.3) 

13. Classify the type of stoichiometry problem: How many 
liters of carbon dioxide gas are produced from the decom
position of 25.0 g NaHC03? 

14. Classify the type of stoichiometry problem: How many 
grams of baking soda must decompose to give 
25.0 mL C02 gas? 

15. Classify the type of stoichiometry problem: How many 
milliliters of hydrogen bromide gas are produced from 
25.0 mL of Hz gas and excess bromine liquid? 

16. Classify the type of stoichiometry problem: How many mil
liliters of hydrogen gas react with bromine liquid to yield 
25.0 cm3 of HBr gas? 

17. Classify the type of stoichiometry problem: How many grams 
of ferric oxide are produced from steam and 1.00 g of iron? 

18. Classify the type of stoichiometry problem: How many grams 
of potassium chlorate must decompose to give 1.00 g of KCl? 

Mass-Mass Problems (Sec. 10.4) 

19. What is the mass of silver that can be prepared from 1.00 g 
of copper metal? 

Cu(s) + 2 AgN03(aq) - Cu(N03)z(aq) + 2 Ag(s) 

20. How many grams of silver nitrate must react to give 1.00 g 
of Ag according to the equation in Exercise 19? 

21. Given the balanced equation, calculate the mass of product 
that can be prepared from 1.00 g of zinc metal. 

2 Zn(s) + 0 2(g) - 2 ZnO(s) 

22. How many grams of oxygen gas must react to give 1.00 g of 
ZnO according to the equation in Exercise 21? 

23. Given the balanced equation, calculate the mass of product 
that can be prepared from 3.45 g of bismuth metal. 

2 Bi(s) + 3 Cl2(g) - 2 BiC13(s) 

24. How many grams of chlorine gas must react to give 3.52 g 
of BiC13 according to the equation in Exercise 23? 

25. What is the mass of mercury that can be prepared from 1.25 g 
of cobalt metal? 

Co(s) + HgC12(aq) - CoC13(aq) + Hg(l) 

26. How many grams of mercuric chloride must react to give 
5.11 g of Hg according to the equation in Exercise 25? 

27. What is the mass of calcium phosphate that can be prepared 
from 1.78 g of Na3P04? 

Na3P04(aq) + Ca(OHh(aq) - Ca3(P04h(s) + NaOH(aq) 

28. How many grams of calcium hydroxide must react to 
give 2.39 g of Ca3(P04h according to the equation in 
Exercise 27? 

Mass-Volume Problems (Sec. 10.5) 

29. How many milliliters of carbon dioxide gas at STP are 
produced from the decomposition of 1.59 g of lithium 
hydrogen carbonate? 

2 LiHC03(s) - Li2C03(s) + H20(l) + C02(g) 
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30. How many milliliters of carbon dioxide gas at STP are pro
duced from the decomposition of 5.00 g of ferric carbonate? 

Fe2(C03h(s) ---> Fe203(s) + 3 C02(g) 

How many milliliters of oxygen gas at STP are released 
from heating 5.00 g of calcium chlorate? · 

Ca(Cl03h(s) ---> CaCl2(s) + 3 02(g) 

32. How many milliliters of oxygen gas at STP are released 
from heating 2.50 g of mercuric oxide? 

2 HgO(s) ---> 2 Hg(Z) + 0 2(g) 

33. What mass of magnesium metal reacts with sulfuric acid to 
produce 225 mL of hydrogen gas at STP? 

Mg(s) + H2S04(aq) ---> MgS04(aq) + H2(g) 

34. What mass of manganese(II) chloride must react with 
sulfuric acid to release 49.5 mL of hydrogen chloride gas 
at S']J'? 

MnC12(s) + H2S04(aq) ---> MnS04(aq) + 2 HCl(g) 

35. How many grams of sodium metal react with water to give 
75.0 mL of hydrogen gas at STP? 

Na(s) + H20(1) ---> NaOH(aq) + H2(g) 

36. How many grams of hydrogen peroxide must decompose 
to give 55.0 mL of oxygen gas at STP? 

H202(Z) ---> HzO(Z) + 02(g) 

<1111 Hydrogen Peroxide 
Hydrogen peroxide is 
unstable and breaks down to 
give water and oxygen gas. 
When H202 is poured on a 
wound, the fizzing bubbles are 
0 2 gas. 

Volume-Volume Problems (Sec. 10.6) 

Assuming all gases are at the same temperature and pres
sure, how many milliliters of iodine vapor react with 125 mL 
of hydrogen gas? 

Hz(g) + lz(g) ---> 2 HI(g) 

38. Assuming all gases are at the same temperature and pres
sure, how many milliliters of hydrogen iodide are produced 
from 125 mL of H2 according to the equation in Exercise 37? 

~:J~l. Assuming all gases are at the same temperature and pressure, 
how many milliliters of nitrogen gas react to give 45.0 mL of 
ammonia gas? 

40. Assuming all gases are at the same temperature and 
pressure, how many milliliters of hydrogen gas must 
react to give 45.0 mL of NH3 according to the equation in 
Exercise 39? 

Assuming all gases are at the same temperature and pres
sure, how many liters of oxygen gas react with 10.0 L of 
carbon monoxide? 

2 CO(g) + 02(g) ---> 2 C02(g) 

42. Assuming all gases are at the same temperature and 
pressure, how many liters of carbon dioxide are pro
duced from 10.0 L of CO according to the equation in 
Exercise 41? 

-B Assuming all gases are at the same temperature and pres
sure, how many milliliters of chlorine gas react to yield 1.75 L 
of dichlorine trioxide? 

Cl2(g) + 02(g) ---> Cl203(g) 

44. Assuming all gases are at the same temperature and pres
sure, how many milliliters of oxygen gas must react to give 
1.75 L of Cl20 3 according to the equation in Exercise 43? 

What volume of sulfur trioxide gas is produced from 25.0 L 
of oxygen gas? The volume of each gas is measured at 875 °C 
and 1.00 atm pressure. 

S02(g) + 02(g) ---> S03(g) 

46. What volume of sulfur dioxide gas reacts with 25.0 L of 0 2 

according to the equation in Exercise 45? The reaction con
ditions are 875 °C and 1.00 atm pressure. 

What volume of nitrogen gas reacts to yield 500.0 cm3 of 
dinitrogen pentaoxide? The volume of each gas is measured 
at 350 °C and 2.50 atm pressure. 

N2(g) + 02(g) ---> NzOs(g) 

48. What volume of oxygen gas reacts to yield 500.0 cm3 of 
N20 5 according to the equation in Exercise 47? The reaction 
conditions are 350 °C and 2.50 atm pressure. 

The Limiting Reactant Concept (Sec. 10.7) 

If 1.00 mol of nitrogen monoxide gas and 1.00 mol of oxy
gen gas react, what is the limiting reactant and how many 
moles of N02 are produced from the reaction? 

2 NO(g) + 02(g) ---> 2 NOz(g) 

50. If 1.00 mol of nitrogen monoxide gas and 2.00 mol of oxy
gen gas react, what is the limiting reactant and how many 
moles of N02 are produced according to the equation in 
Exercise 49? 

If 5.00 mol of nitrogen gas and 5.00 mol of oxygen gas rea 
what is the limiting reactant and how many moles of NO 
are produced from the reaction? · 

Nz(g) + 02(g) ---> 2 NO(g) 

52. If 0.125 mol of nitrogen gas and 0.125 mol of oxygen gas 
react, what is the limiting reactant and how many moles 
NO are produced according to the equation in Exercise 5 



If 5.00 mol of hydrogen gas and 5.00 mol of oxygen gas 
react, what is the limiting reactant and how many moles of 
water are produced from the reaction? 

2 H2(g) + 02(g) - 2 H20(l) 

54. If 5.00 mol of hydrogen gas and 1.50 mol of oxygen gas 
react, what is the limiting reactant and how many moles of 
water are produced according to the equation in Exercise 53? 

If 1.00 mol of ethane gas and 5.00 mol of oxygen gas react, 
what is the limiting reactant and how many moles of water 
are produced from the reaction? 

2 C2H6(g) + 7 02(g) - 4 C02(g) + 6 H20(g) 

56. If 1.00 mol of ethane gas and 3.00 mol of oxygen gas react, 
what is the limiting reactant and how many moles of water 
are produced according to the equation in Exercise 55? 

Complete the following table for the reaction of cobalt and 
sulfur and calculate the moles of Co, S, and CoS after reac
tion accordi11g to the balanced equation: 

Co(s) + S(s) - CoS(s) 

Experiment molCo molS mol CoS 

(a) before reaction: 1.00 1.00 0.00 

after reaction: 

(b) before reaction: 2.00 3.00 0.00 

after reaction: 

58. Complete the following table for the reaction of cobalt and 
sulfur and calculate the moles of Co, S, and Co2S3 after reac
tion according to the balanced equation: 

2 Co(s) + 3 S(s) - Co2S3(s) 

Experiment molCo mol S mol Co2S3 

(a) before reaction: 1.00 1.00 0.00 

after reaction: 

(b) before reaction: 2.00 3.00 0.00 

after reaction: 

Limiting Reactant Problems (Sec. 10.8) 

; If 40.0 g of molten iron(II) oxide reacts with 10.0 g of mag
nesium, what is the mass of iron produced? 

FeO(I) +Mg(/) - Fe(l) + MgO(s) 

60. If 10.0 g of molten iron(II) oxide reacts with of 40.0 g of 
magnesium according to the equation in Exercise 59, what 
is the mass of iron produced? 

'• · If 175 g of molten iron(III) oxide reacts with 37.5 g of alu
minum, what is the mass of iron produced? 

Fe203(/) + Al(/) - Fe(/) + Al203(s) 

62. If 37.5 g of molten iron(III) oxide reacts with 175 g of alu
minum according to the equation in Exercise 61, what is the 
mass of iron produced? 

,; If l.OO g of magnesium hydroxide reacts with 0.605 g of sul
furic acid, what is the mass of magnesium sulfate produced? 

Mg(OHh(s) + H2S04(1) - MgS04(s) + H20(1) 
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64. If 0.605 g of magnesium hydroxide reacts with 1.00 g of sul
furic acid according to the equation in Exercise 63, what is 
the mass of magnesium sulfate produced? 

If 1.00 g of aluminum hydroxide reacts with 3.00 g of sulfu
ric acid, what is the mass of water produced? 

Al(OHh(s) + H2S04(1) - Al2(S04h(aq) + H20(1) 

66. If 3.00 g of aluminum hydroxide reacts with 1.00 g of sulfu
ric acid according to the equation in Exercise 65, what is the 
mass of water produced? 

If 45.0 mL of nitrogen gas reacts with 95.0 mL of oxygen 
gas, what is the volume of N02 produced? Assume all gases 
are at the same temperature and pressure. 

Nz(g) + 02(g) - N02(g) 

68. If 95.0 mL of nitrogen gas reacts with 45.0 mL of oxygen gas 
according to the equation in Exercise 67, what is the volume 
of N02 produced? Assume all gases are at the same temper
ature and pressure. 

If 70.0 mL of nitrogen gas reacts with 45.0 mL of oxygen 
gas, what is the volume of N20 3 produced? Assume all 
gases are at the same temperature and pressure. 

Nz(g) + 02(g) - N203(g) 

70. If 45.0 mL of nitrogen gas reacts with 70.0 mL of oxygen gas 
according to the equation in Exercise 69, what is the volume 
of N20 3 produced? Assume all gases are at the same tem
perature and pressure. 

If 3.00 L of sulfur dioxide gas reacts with 1.25 L of oxygen 
gas, what is the volume of sulfur trioxide gas produced? 
Assume all gases are at the same temperature and pressure. 

S02(g) + 02(g) - S03(g) 

72. If 1.25 L of sulfur dioxide gas reacts with 3.00 L of oxygen 
gas according to the equation in Exercise 71, what is the vol
ume of sulfur trioxide gas produced? Assume all gases are 
at the same temperature and pressure. 

If 50.0 L of hydrogen chloride gas reacts with 10.0 L of oxy
gen gas, what is the volume of chlorine gas produced? 
Assume all gases are at the same temperature and pressure. 

HCl(g) + 02(g) - Cl2(g) + H20(g) 

74. If 10.0 L of hydrogen chloride gas reacts with 50.0 L of oxy
gen gas according to the equation in Exercise 73, what is the 
volume of chlorine gas produced? Assume all gases are at 
the same temperature and pressure. 

Percent Yield (Sec. 10.9) 

A chemistry student prepared lead(II) iodide from 10.0 g of 
lead(II) nitrate and aqueous potassium iodide. If the student 
collected 12.5 g of PbI2 and the theoretical yield is 13.9 g, 
what is the percent yield? 

76. A chemistry student prepared acetone by decomposing 10.0 g 
of calcium acetate. If the student collected 3.50 g of acetone 
and the theoretical yield is 3.67 g, what is the percent yield? 

A 1.50 g sample of sodium nitrate is decomposed by heat
ing. If the resulting sodium nitrite has a mass of 1.29 g and 
the calculated yield is 1.22 g, what is the percent yield? 

78. A 1.00 g sample of potassium bicarbonate is decomposed by 
heating. If the resulting potassium carbonate weighs 0.725 g 
and the calculated yield is 0.690 g, what is the percent yield? 

-------------------------------------------------""""'""'''''''"''•"" ........ 
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General Exercises 

79. What units are associated with molar mass? 

80. What units are associated with molar volume? 

81. The "volcano reaction" produces chromium(III) oxide, 
water, and nitrogen gas from the decomposition of 
ammonium dichromate. Calculate the mass of 
chromium(III) oxide produced by the decomposition of 
1.54 g of ammonium dichromate. 

82. What STP volume of nitrogen gas is produced in the 
"volcano reaction" from the decomposition of 1.54 g of 
ammonium dichromate according to the reaction 
described in Exercise 81? 

83. Manganese metal and aluminum oxide are produced by the 
reaction of manganese(IV) oxide and aluminum metal. 
Calculate the mass of aluminum that is necessary to yield 
1.00 kg of manganese metal. 

84. What mass of aluminum oxide must react to produce 1.00 kg 
of manganese metal according to the reaction described in 
Exercise 83? 

85. The mineral stibnite, antimony(III) sulfide, is treated with 
hydrochloric acid to give~antimony(III) chloride and hydrogen 

sulfide gas. What STP volume of H2S is produced from a -
3.00 g sample of stibnite? 

86. What mass of SbC13 is produced from a 3.00 g sample of 
stibnite according to the reaction described in Exercise 85? 

87. When an electric current is passed through water, hydrogen 
and oxygen gases are liberated. What STP volume of hydro
gen gas is obtained from the electrolysis of 100.0 mL of 
water? (Hint: The density of water is 1.00 g/mL.) 

88. What STP volume of oxygen gas is obtained from the elec
trolysis of 100.0 mL of water according to the reaction 
described in Exercise 87? 

89. Recreational vehicles use propane for cooking and heating. 
The combustion of propane and oxygen produces carbon 
dioxide and water. What mass of water is produced from 
the combustion of 10.0 g of propane, C3Hs? 

90. What STP volume of carbon dioxide gas is produced from 
the combustion of 10.0 g of propane according to the reac
tion described in exercise 89? 

91. A chemical reaction stops when one of the reactants is con
sumed. For example, the combustion reaction in an auto
mobile stops when the gasoline "runs out." In an 
automobile, what is the limiting reactant? What is the 
excess reactant? 

10 Chapter Self-Test Answers to Self-Test are in Appendix J. 

1. Hydrogen gas reacts with 5.00 g of oxygen gas to give 5.63 g 
of water. Use the conservation of mass law to predict the 
mass of reacting hydrogen. (Sec. 10.1) 

(a) 0.63 g 
(b) 5.00 g 
(c) 5.63 g 
(d) 10.63 g 

2 H 2(g) + 0 2(g) - 2 HzO(l) 

(e) none of the above 

2. How many moles of water must decompose to yield 5.00 mol 
of oxygen gas? (Sec. 10.2) 

(a) 1.00 mol 
(b) 2.00 mol 
(c) 5.00 mol 
(d) 10.0 mol 

2 H 20(l) - 2 Hz(g) + Oz(g) 

(e) none of the above 

3. Classify the following type of stoichiometry problem: 
How many liters of oxygen are produced from decomposing 5.00 g 
of water? (Sec. 10.3) 
(a) mass-mass problem 
(b) mass-volume problem 
(c) volume-volume problem 
(d) mole-mole problem 
(e) none of the above 

4. What mass of oxygen gas is produced from decomposing 
5.00 g of water (18.02 g/mol)? (Sec. 10.4) 

(a) 2.22 g 
(b) 2.50 g 
(c) 4.44 g 
(d) 5.00 g 
(e) 8.88 g 

2 H20(l) - 2 Hz(g) + Oz(g) 

5. What STP volume of hydrogen gas is produced from 
decomposing 5.00 g of water (18.02 g/ mol)? (Sec. 10.5) 

(a) 1.55 L 
(b) 3.11 L 
(c) 5.00 L 
(d) 6.22 L 
(e) 12.4 L 

2 HzO(l) - 2 Hz(g) + 02(g) 

6. What volume of oxygen gas is released from decompos' 
water if 5.00 mL of hydrogen gas is produced (assume c 
stant temperature and pressure)? (Sec. 10.6) 

(a) 2.50 mL 
(b) 5.00 mL 
(c) 7.50 mL 
(d) 10.0 mL 
(e) 20.0 mL 

2 H20(1) - 2 Hz(g) + 02(g) 
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