
Name:__________ Block:_____

Chemistry 11
Unit 4: Chemical Reactions & 

StoichiomeTry

Book 2 : stoichiometry
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KEY



IMPORTANT: Use completely-labelled units (eg. "molecule N 2'' not just "molecule") so you

 know which coefficient goes on top and which goes on the bottom of the 
conversion factor. 
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Example 1 If 428.5 g of wood were combusted, then what mass of water would be expected to form? 

     We can use these conversion factors to move from moles of one species to moles of another. 

Example Suppose that 1.50 moles of aluminum were produced during a reaction between zinc and 
        aluminum chloride. How many moles of zinc reacted? 
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Example 2 If 100.0 mL of 1-pentanol were combusted then what volume of CO2 would form, given that 
        the volume would be determined under conditions of STP?  (note: d  1-pentanol = 0.881 g/mL) 

What mass of C3H8 is required to produce 100.0g of H2O?
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Basic Stoichiometry Problems 

1. What mass of ammonia forms when 5.6 g of nitrogen reacts?
N2 + 3H2 - 2NH3

2. What mass of iron must be reacted to produce 32 grams of iron (III) oxide?
4Fe + 302 --+ 2Fe2O3

3. What mass of carbon dioxide forms when 1.00 kg of octane is burned?
2C8H,8 + 2502 --+ I 6CO

2 + I 8H2O 

4. What mass of aluminum is needed to react with 6.4 g of iron (III) oxide?
2Al + Fe2O3 - Al2O3 + 2Fe

5. What mass of zinc will react with 50.0 mL of 3.00 M HCI?
Zn + 2HCI - ZnCI2 + H2

6. How many mL of 2.00 M HNO3 is needed to consume 5.4 g of aluminum?
2AI + 6HNO3 - 2Al(NO3h + 3H2

7. 2Q_ mL of HCI is needed to consume 2.8g Fe. What is the concentration ofHCl?
2Fe + 6HC1 --+ 2FeCl3 + 3H2

8. How many mL of 0.80 M AgNO3 will exactly react with l 0.0 mL of 0.25 M AIC13?
3AgNO3 + AIC13 --+ 3AgCl + Al(NO3)3

9. 25.0 mL of 0.240M H
2SO4 react exactly withy 35.2 mL of KOH. Determine the

concentration of KOH. H2SO4 + 2KOH - K2SO4 + 2H2O

10. How many mL of 0.60M H3PO4 will react with 3Q_ g of Ca(OH)2?
2H3PO4 + 3Ca(OH)2 - CaiPO4)2 + 6H2O 

l l .  What mass of aluminum hydroxide would react exactly with 15.0 rnL of 2.00M HCl?
3HC1 + Al(OH)3 - AIC13 + 3H2O

12. What concentration HCI is needed so that 40.Q_ mL will react with 17 .0 g of
magnesium? Mg + 2HCJ - MgCl2 + H2

13. What mass of copper will react with 10.0 mL of 12.0 M nitric acid?
Cu + 4HNO3 - Cu(NO3)i + 2NO2 + 2H2O

14. How many kilograms for oxygen are needed to react with 51  kg of ammonia?
4NH3 + 502 - 4NO + 6H2O

Assignment #1: "Basic Stoichiometry Problems" & 
"Mole Ratio in Reactions" Complete ALL assignments on 
a separate piece of paper and attach to your booklet.
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Chap 7: Mole Ratio in Reactions 

I. How many moles of 02 are produced from 1.50 moles of KC1O3
?

2KC1O3 - 2KC1 + 302

2. How many moles of H2 are needed to react with 8.0 moles of N2?
N2 + 3H2 - 2NH3

3. How many moles of HCI are needed to form 4.5 moles of H
2?

2Al + 6 HCI - 2AIC13 + 3H2

4. How many moles of water form when 0.50 moles of 02 react?
4NH.l + 702 - 4NO2 + 6H2O 

5. How many moles of methane can react with 24.0 moles of 02
?

CH4 + 202 - CO2 + 2H2O 

6. How many moles of calcium phosphate form when 2.0 moles of Ca(OH)2 react?
3Ca(OH)2 + 2H3PO4 - CaiPO4)i + 6H2O

7. How many moles of Mg can react with 0.40 mol HCl?
Mg + 2HC1 - MgCl

2 
+ H2

8. How many moles of NaHCO3 must decompose to produce 0.80 mol H2O?
2NaHCO3 - Na2O + 2CO2 + H2O

Answers: 

1. 2.25 mol
2. 24 mol
3. 9.0 mo!
4. 0.43 mol
5. 12.0 mol
6. 0.67 mol
7. 0.20 mol
8. 1.6 mol
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Chem 11    Chemical Reactions Review Assignment - Answers 

Please let me know if you have any questions or think you’ve found an error in the key. Study well! 

1. a)  C8H16     +      12 O2       →  8 CO2    +      8 H2O 
b) Cu    +       2 H2SO4       →  CuSO4    +     2 H2O      +  SO2   (hard to balance using “the method” – sorry! Please feel free to omit this one)

c) 2 Si4H10     +     13 O2      →      8 SiO2
       +     10 H2O

d) 4 NaPb   +      4 C2H5Cl      →       Pb(C2H5)4   +    3 Pb     +    4 NaCl
e) 3 LiAlH4     +    4 BF3      →   3 LiF    +    3 AlF3    +    2 B2H6 
f) 2 C15H31NH      +      46 O2 → 30 CO2    +    32 H2O    +     N2

2. a) N2     +      3 H2  →    2 NH3 Synthesis 
b) 2 CaO    →   2 Ca   +  O2 Decomposition 
c) Mg     +     CuSO4   →   MgSO4   +   Cu Single replacement 
d) H3PO4   +   3 KOH    →  K3PO4  +  3 H2O Neutralization 
e) 2 Fe(NO3)3     +    3 MgS       →    Fe2S3   +   3 Mg(NO3)2 Double replacement 
f) 2 C11H21SH      +     35 O2       →   22 CO2  +  22 H2O  +  2 SO2 Hydrocarbon combustion 

3. Na2S(aq)  +  Zn(NO3)2(aq)   →   ZnS(s)  +  2 NaNO3(aq)

4. a)  Acid: A substances that can release a proton when dissolve to form aqueous solutions.
b) Base: An ionic substance containing a hydroxide group. (e.g. NaOH, Mg(OH)2, NH4OH, etc)
c) Salt: An ionic substance that is neither an acid nor a base.
d) Activation Energy: The amount of energy needed to start a reaction.
e) Enthalpy: the amount of energy stored in a chemical system.
f) Exothermic Reaction: a reaction in which the amount of energy needed to break the bonds of the reactants is less

than the amount of energy released when product bonds form.

5. a) The energy term appears on the products side.
b) The reactant enthalpy is higher than the products; the axes must be properly labeled and (unlike in the text) I

expect you to draw the activation energy correctly.

6. The change in enthalpy represents the difference between the enthalpy of products (i.e. final conditions) and the
enthalpy of the reactants (i.e. initial conditions). This difference is positive in endothermic reactions because there is
more stored energy in the system after the reaction completes while it is negative in exothermic reactions due to less
heat being stored in the system after the reaction is over.

7. Endothermic reactions draw energy in from the surroundings to break the bonds of the reactants but they do not release
as much energy from the newly formed product bonds. The net result is that more energy must be taken in than is
returned to the surroundings.

8. Exothermic enthalpy changes are negative due to the final enthalpy being less than the initial enthalpy.
(H = Hf – Hi).

9. Sulfur dioxide; SO2 dissolves in the atmosphere to produce acid rain which the damages aquatic ecosystems, food crops
and numerous structures. More energy is released when product bonds form than is consumed in breaking the reactant
bonds.

10. Note: The question should refer to 2 e) and not to 2 b). The reaction is taking place in the aqueous phase.
This means that while the reactants are part of the system, the water in which they are dissolved is not part of
the system. Ask about this if you are unsure…
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If you want to earn full marks on each question, then you must show all of your mental steps wherever possible. 

1. Balance the following reaction equations, taking care to show your balancing steps.

a) C8H16     +      O2  → CO2    +        H2O 

b) Al   +     CuS  → Al2S3    +  Cu 

c) Si4H10     +      O2   → SiO2
       +  H2O 

d) NaPb   +     C2H5Cl    → Pb(C2H5)4   +        Pb     +      NaCl 

e) LiAlH4     +           BF3      → LiF       +        AlF3   + B2H6

f) C15H31NH      +    O2       → CO2 + H2O      +       N2

2. Complete, balance and classify the following chemical reaction equations:

a) N2     +      H2 →

Chemistry 11 Chemical Reactions Review Assignment
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Type: ______________________________ 

b) CaO  → 

Type: ______________________________ 

c) Mg     +      CuSO4        → 

Type: ______________________________ 

d) H3PO4   +       KOH    → 

Type: ______________________________ 

e) Fe(NO3)3 (aq)    +  MgS (aq)      → 

Type: ______________________________ 

f) C11H21SH      +    O2       → 

Type: ______________________________ 

3. Sodium sulfide and zinc nitrate solutions react when mixed. The product containing the sulfide group forms a
precipitate. Write the balanced reaction equation and include the phases.
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4. Carefully define the following terms:

a) Acid _______________________________________________________________________________

b) Base _______________________________________________________________________________

c) Salt _______________________________________________________________________________

d) Activation Energy _________________________________________________________________ 

             __________________________________________________________________ 

e) Enthalpy ________________________________________________________________________ 

________________________________________________________________________ 

f) Exothermic Reaction       _________________________________________________________________

  ________________________________________________________________ 

  ________________________________________________________________ 

  ________________________________________________________________ 

5. Consider the reaction:   2 Al(s)  +  Fe2O3(s)  →   2 Fe(s)  +  Al2O3(s);  ∆H = –848 kJ/mol.

a) Rewrite the reaction with the energy term as a reactant or product (whichever is appropriate).

b) Complete and fully label the following enthalpy versus reaction progress diagram.

6. What does the change in enthalpy, ΔH, represent?  Explain.
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__________________________________________________________________________________ 

__________________________________________________________________________________ 

7. Clearly explain why an endothermic reaction absorbs energy from the surroundings
(describe the energy changes in your answer).

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

8. Why is the enthalpy change for an exothermic reaction always negative? You may refer to the potential energy
(enthalpy) graph but be sure to answer using words.

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

9. The combustion of organic molecules that contain sulfur produces this gas:   _______

What problem in the environment does this gas create?  ___________________________________________

_______________________________________________________________________________________  

________________________________________________________________________________________ 

Just for fun! Complete the crossword puzzle to review vocabulary. 
Across 

 1 HOFBrINCl reminds us that these elements are __________ molecules. (8) 

 7 Speeds up a chemical reaction without being consumed. (8) 

 8 The part of the universe immediately outside of a system. (12) 

 9 Sulfur is an ___________ molecule. (9) 

 10 The chemicals whose bonds must be broken for a reaction to occur. (9) 

 11 A part of the universe being studied where something can enter or leave. (10) 

Down 

 2 An experimentally observed law that states what is unchanged in a special set  

   of circumstances. (15) 

 3 The chemicals whose bonds form as a chemical reaction occurs. (8) 

 4 Phosphorus is a ___________ molecule. (10) 

 5 A part of the universe being studied where nothing can enter or leave. (12) 

 6 Dissolved in water (7)

1 2

3

4 5

6 7

8

9

10

11
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Chemistry 11 Stoichiometry Review Assignment 

Name: ______________________________ Date:______________ Block: _____ 

Answer the following practice questions on a separate page 

Define the following terms: 

1. Stoichiometry
2. Stoichiometric ratio
3. Limiting reactant
4. Excess reactant
5. Percent yield

 (Mole-Mole Conversions) 

6. The combustion of the organic fuel, decane, is outlined in the chemical equation below.  You
must balance the equation in order to answer the subsequent questions a-c.

____C10H22  +  ____O2   ____CO2  +  ____H2O 
a. How many moles of CO2 are produced if 5.0 moles of C10H22 react with an
excess of O2? 
b. How many moles of O2 react with 0.75 moles of C10H22?
c. How many moles of O2 would be required to produce 4.0 moles of H2O?

a. If 6.0 moles of SiO2 react, how many moles of:
i. Al react?
ii. Si are produced?
iii. Al2O3 are produced?

b. If 2.5 moles of Al2O3 are produced, how many moles of:
i. Al react?
ii. SiO2 react?
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7. Use the following equation to solve the problems below:



b) If 4.0x10-3 moles of oxygen reacted, how many grams of N2 were needed?

9. Cu + 2AgNO3 → Cu(NO3)2 + 2Ag How many moles of Cu are needed to react with 3.50g of
AgNO3?

10. Mercury (II) oxide decomposes into mercury and oxygen gas.
a) Write and balance the equation.
b) How many moles of mercury (II) oxide are needed to produce 125g of oxygen?
c) How many grams of mercury are produced if 24.5 moles of mercury (II) oxide decomposes?

 (Mass-Mass Conversions) 

(Mole-Mass / Mass-Mole Conversions) 

8. N2 + 2O2 → N2O4

a) If 15.0g of N2O4 was produced, how many moles of O2 were required?
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17. When Magnesium reacts with Nitric Acid, Hydrogen gas and aqueous Magnesium nitrate are
formed.  What volume of Hydrogen gas will be produced if 40.0 g of Magnesium is reacted with
an excess of Nitric Acid?

18. The corrosion (rusting) of iron is represented as follows:  (at STP)
3 O2 (g)  +  4 Fe(s) 2 Fe2O3 (s)   

a. What volume of Oxygen gas would be required to produce 16.0 g of Fe2O3?
b. What mass of Iron would be required to react with 10.0 L of O2 gas?

19. Mercury (II) oxide decomposes when heated to produce liquid Mercury and Oxygen gas.  What
mass of Mercury (II) oxide would be required to produce 30.5 L of Oxygen gas? (Assume STP)

20. How many mL of 2.00M HNO3 is needed to consume 5.4g of aluminum?
2Al + 6HNO3  2Al(HNO3)3 + 3H2

21. 20mL of HCl is needed to consume 2.8g Fe. What is the concentration of HCl?
__Fe + __HCl  __FeCl3 + __H2 

22. What mass of copper will react with 10.0mL of 12.0M nitric acid?
Cu + __HNO3  __Cu(NO3)2 + __NO2 + __H2O
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REVIEW: Limiting Reagents and Percent Yield

Answer all questions on separate paper and report all answers to the correct number of sig�figs. 

1. Identify the limiting reactant when 1.22g of O2 reacts with 1.05g of H2 to produce water.

2. Identify the limiting reactant when5.87g of Mg(OH)2 reacts with 12.84g of HCl to form

MgCl2 and water.

3. Identify the limiting reactant when 6.33g of sulphuric acid reacts with 5.92g of sodium

hydroxide to produce sodium sulphate and water.

4. Identify the reactant in excess if 6.25g of silver nitrate reacts with 4.12g of sodium

chloride to form sodium nitrate and silver chloride.

5. If 4.1g of Cr is heated with 9.3g of Cl2 what mass of CrCl3 will be produced?

6. What mass of sulphur trioxide is produced when 12.4g of sulphur dioxide is reacted with

3.45g of oxygen gas?

7. If 21.4g of aluminum is reacted with 91.3g of iron (III) oxide, the products will be

aluminum oxide and iron. What mass of iron will be produced?

8. If 41.6g of N2O4 reacts with 20.8g of N2H4, the products will be nitrogen gas and water.

What mass of nitrogen will be produced?

9. What mass of NaCl will be produced by the reaction of 58.7g of NaI with 29.4g of Cl2?

10. a. Write the balanced equation for the reaction of lead (II) nitrate with sodium iodide to

form sodium nitrate and lead (II) iodide:

b. If I start with 25.0 grams of lead (II) nitrate and 15.0 grams of sodium iodide, how

many grams of sodium nitrate can be formed?

c. What is the limiting reagent in the reaction?

d. How much of the excess reagent will be left over from the reaction?

11. You calculate that using a certain amount of beryllium and hydrochloric acid you can

produce 10.7g of beryllium chloride. You perform the experiment and only collect 4.5g.

What was the percent yield for the reaction?
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12. Determine the percent yield for the reaction between 45.9g of NaBr and excess chlorine

gas to produce 12.8g of NaCl and an unknown quantity of bromine gas.

13. Determine the percent yield for the reaction between 44.5g of zinc sulphide and 13.3g of

oxygen, if 18.4g of zinc oxide is recovered with an unknown amount of sulphur dioxide.

14. A reaction was carried out according to the following equation:

FeBr2 + 2 KCl � FeCl2 + 2 KBr 

a. What is the theoretical yield of iron (II) chloride if 34.00 grams of iron (II) bromide

was used in the reaction with excess potassium chloride?

b. What is the percent yield of iron (II) chloride if the actual yield is 4.00 grams?

15. a. What mass of CS2(s) is produced when 17.5 g of C(s) are reacted with 39.5 g of  SO2(g)

according to the equation: 5 C(s) + 2 SO2(g) → CS2(s) + 4 CO(g)?

b. What mass of the excess reactant will be left over?

16. If 0.250 g of Ba(OH)2(s) is mixed with 15.0 mL of 0.125 M HBr(aq), what mass of

BaBr2(aq) can be formed?

Ba(OH)2(s) + 2 HBr(aq) → BaBr2(aq) + 2 H2O(l) 

17. The reaction SiO2(s) + 4 HF(g) → SiF4(g) + 2 H2O(g) produces 2.50 g of H2O(g) when

12.20g of SiO2(s) is treated with a small excess of HF(g).

a. What mass of SiF4(g) is formed?

b. What mass of SiO2(s) is left unreacted if only 2.50g of H2O is formed?

c. What is the percent yield of the H2O(g)?
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