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SCH 4U – Electrochemistry Independent Study Unit 
Electrochemistry is the study of the connection between chemical reactions and the creation of electrical energy.  For this ISU, you will be given readings and questions to complete.  You will receive marks for both the completed summaries and questions and your unit test.  You are expected to know and understand all the information, though it will NOT be taught in class.  It will, however, be “fair game” for tests and exams.  On the test date, you will be allowed to use your completed ISU (though not the textbook or booklet readings) to help you complete the test.  Though the information will be given to you in a package, you may review Chapter 9 and 10 in your textbook if you need extra examples or practice questions to help better understand the material.
Due Date: 




         
Test Date: 


     


    
Work Periods: 













Part A – Read Section 9.1: Electron Transfer Reactions and answer the following questions:
       /34 MARKS TI
1. Write the oxidation and reduction half reaction equations for the reactions represented by each of the following equations: (4 marks)

a) Mg (s) + 2 H+ (aq) → Mg2+ (aq) + H2 (g)
b) 2 Al (s) + Fe2O3 (s) → 2 Fe (s) + Al2O3 (s)
2. Identify the oxidation number of the specified element in each of the following entities: (8 marks)
a) S in S8
b) Cr in Cr2O72-

c) N in N2H4
d) I in MgI2
e) P in P4O6
f) Mn in MnO4-
g) C in C2H5OH

h) S in Al2(SO3)3
3. Identify the entity that is oxidized and the entity that is reduced in the chemical reactions represented by the following equations: (5 marks)

a) CH4 (g) + H2O (g) → CO (g) + 3 H2 (g)
b) A single displacement reaction in which copper metal reacts with silver nitrate

4. Use oxidation numbers to determine which of the following chemical equations represent a redox reaction.  For all that ARE redox reactions, indicate the oxidizing agent, the reducing agent, the element being oxidized, and the element being reduced. (9 marks)
a) HCl (g) + NH3 (g) → NH4Cl (s)
b) SiCl4 (l) + 2 Mg (s) → 2 MgCl2 (s) + Si (s)
c) CO (g) + H2O (g) → CO2 (g) + H2 (g)
5. Assign oxidation numbers to each element in the following equations: (6 marks)

a) 4 PH3 (g) + 8 O2 (g) → P4O10 (s) + 6 H2O (l)
b) 2 KClO3 (s) → 2 KCl (s) + 3O2 (g)
c) Pb (s) + PbO2 (s) + 2 H2SO4 (aq) → 2 PbSO4 (s) + 2 H2O (g)
6. Carbon dioxide can be progressively reduced to methane through a series of reactions.  What is the oxidation number of carbon in each of the following compounds? (2 marks)

CO2 → CH2O2 → CH2O → CH4O → CH4
Part B – Read Section 9.2: Balancing Redox Reaction Equations and answer the following questions: /19 MARKS TI
1. Use the oxidation number method to write a balanced chemical equation for the reaction between lead (II) oxide, PbO (s), and ammonia, NH3 (g), to produce nitrogen gas, liquid water and solid lead. Show all your work. (3 marks)

2. Use the oxidation number method to balance the following chemical equations representing reactions that take place in acidic solutions.  Show all your work. (4 marks)
a) MnO4- (aq) + Br- (aq) → MnO2 (s) + BrO3- (aq)
b) I2 (s) + OCl- (aq) → IO3- (aq) + Cl- (aq)
3. Use the oxidation number method to balance the following chemical equations representing reactions that take place in basic solutions. Show all your work. (4 marks)

a) MnO4- (aq) + SO32- (aq) → SO42- (aq) + MnO2 (s)
b) S2- (aq) + I2 (s) → SO42- (aq) + I- (aq)

4. Using the half-reaction method, balance the following equations.  Show all your work. (8 marks)
a) Zn (s) + H+ (aq) → Zn2+ (aq) + H2 (g)
b) HNO3 (aq) + Cu (s) → NO2 (g) + Cu2+ (aq) in acid

c) CH3OH (aq) + MnO4- (aq) → CO32- (aq) + MnO42- (aq) in base

Part C – Read Section 9.3: Predicting Redox Reactions and answer the following questions:
         /8 MARKS TI
*Use standard reduction potentials table*
1. Rank the strength of the following oxidizing agents, going from strongest to weakest: (1 mark)
Hg2+ (aq), Au3+ (aq), Cu2+ (aq), Sn2+ (aq)
2. Identify a substance that would react spontaneously with chromium ions, Cr2+ (aq) to form solid chromium metal. (1 mark)

3. Identify which of the following equations represent(s) spontaneous reactions: (3 marks)
a) Cu (s) + Br2 (l) → Cu2+ (aq) + 2 Br- (aq)
b) 2 Al (s) + 3 Pb2+ (aq) → 2 Al3+ (aq) + 3 Pb (s)
c) Na+ (aq) + Cr2+ (aq) → Cr3+ (aq) + Na (s)
4. A chemist’s pure gold ring accidentally falls into a solution of nitric acid.  Write the two half-reaction equations for the reaction of nitric acid and gold forming a solution of Au3+ (aq), and determine whether nitric acid will damage the ring. (3 marks)

Part D – Read Section 10.1: Galvanic Cells and answer the following questions:


       /20 MARKS TI
1. What two characteristics should the solution in a salt bridge have? (2 marks)
2. A galvanic cell has a nickel electrode in a 1.0 mol/L nickel (II) sulfate solution and a silver electrode in a 1.0 mol/L silver sulfate solution.  

a) Draw a diagram of the cell.  Include the following labels: anode, cathode, salt bridge, electron flow, ion flow (4 marks)

b) Predict the half reactions that will occur, and write their equations. (2 marks)

c) Write a net ionic equation for the cell reaction. (1 mark)

d) What visible evidence would you expect to see, indicating that the cell is functioning? (2 marks)

3. A galvanic cell has a magnesium electrode in a 1.0 mol/L magnesium nitrate solution and an iron electrode in a 1.0 mol/L iron (III) nitrate solution.  
a) Draw a diagram of the cell.  Include the following labels: anode, cathode, salt bridge, electron flow, ion flow (4 marks)

b) Predict the half reactions that will occur, and write their equations. (2 marks)

c) Write a net ionic equation for the cell reaction. (1 mark)

d) What visible evidence would you expect to see, indicating that the cell is functioning? (2 marks)

Part E – Read Section 10.2: Standard Reduction Potentials and answer the following questions:
       /13 MARKS TI
1. Why was it necessary to use the standard hydrogen half-cell as a reference? (1 mark)
2. Explain why the cell potential for an operating galvanic cell decreases over time but does not change from a positive value to a negative value. (1 mark)

3. The following half-reactions are combined in a galvanic cell.  Write the net ionic equation and determine the standard cell potential for the cell.  Assume that all concentrations are 1.0 mol/L and all the partial pressures are 1.0 atm. (2 marks)

Cl2 (g) + 2 e- → 2 Cl- (aq) 
E°r = 1.36 V

Br2 (g) + 2 e- → 2 Br- (aq)
E°r = 1.09 V

4. The following unbalanced equation shows the reactants and products that are involved in a galvanic cell:

Fe3+ (aq) + Mg (s) → Mg2+ (aq) + Fe2+ (aq)
a) Write the anode and cathode half reaction equation, and the net ionic equation.  Assume that all the concentrations are 1.0 mol/L. (2 marks)
b) Calculate the standard reduction potential for the overall cell reaction. (1 mark)

5. Predict whether each cell will react spontaneously.  If it will, write the net ionic equation and determine the standard cell potential for each cell. (6 marks)

a) Mg (s) │Mg2+ (aq) ││Au3+ (aq) │Au (s)
b) Cu (s) │ Cu+ (aq) ││ Mg2+ (aq) │Mg (s)
c) Zn (s) │ Zn2+ (aq) ││Sn2+ (aq) │Sn (s)
Part F – Read & Summarize Section 10.3: Cells and Batteries




        /15 MARKS C
· Definition of battery (1 mark)
· Primary vs. secondary cells (2 marks)

· 4 types of commercial cells and batteries – how it works, pros/cons, use (12 marks)

Part G – Read & Summarize Section 10.6: Corrosion





        /13 MARKS C
· Definition of corrosion (1 mark)
· Explanation of why certain metals corrode (2 marks)

· Rusting and effects of water and salt (2 marks)

· 4 types of corrosion prevention – how it works, specific use (8 marks)

Part H – Read Section 10.7: Electrolysis and answer the following questions:


       /13 MARKS TI
1. Summarize the differences between a galvanic and an electrolytic cell. (5 marks)

2. Predict the half-reaction that will take place at the cathode and anode when each salt is melted and electrolyzed. (3 marks)

a) NiBr2 (l)

b) AlF3 (l)

c) MnI2 (l)

3. A steel ring can be electroplated with gold in an aqueous solution that contains gold (III) ions.  Sketch and label a diagram of a cell that could be used to produce gold-plated steel.  Identify the anode and the cathode in the cell.  Indicate the direction of electron and ion flow. (3 marks)

4. During the electrolysis of a tin (II) chloride solution, a silver-coloured metal is deposited onto the cathode.  Bubbles of gas are observed at the anode.  A bleach-like odour is detected.  Use a redox table to predict the anode, the cathode, and the ionic equation. (2 marks)

135 MARKS
