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GRADE 11A: Chemistry 3 

Electrochemistry 

About this unit 
This unit is the third of six units on chemistry for 
Grade 11 advanced. 

The unit is designed to guide your planning and 
teaching of chemistry lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and 
Grade 10A. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
recognise periodicity in the properties of elements and their compounds, 
particularly the elements of the first transition series. 
 

Expectations 
By the end of the unit, students know that oxidation and reduction 
reactions are associated with gain or loss of electrons and explain redox 
reactions in terms of change in oxidation number. They know that transition 
metals are important redox reagents because they exhibit multiple oxidation 
states. They understand and use the concepts of redox potential and half-
cell potential. 

Students who progress further know and understand that oxidation and 
reduction reactions are associated with gain or loss of electrons and explain 
complex redox reactions in terms of change in oxidation number. 

 

Resources 
The main resources needed for this unit are: 
• magnesium ribbon, class sets of equipment for small-scale electrolysis, 

copper chloride solution 
• samples of transition metal compounds 
• zinc, copper(II) sulfate, copper, zinc sulfate, silver nitrate 
• power packs, graphite electrodes, assorted metal strips, salts of each of 

the metals, filter paper, potassium nitrate(V), potassium halides 
• standard hydrogen electrode and/or simplified diagram 
• sodium hydroxide solution, electrolysis cell, graphite rods, voltmeters, 

small test-tubes 
• assorted data (see notes column in the activities section) 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• oxidation, reduction, redox, electron transfer, oxidation number 
• cell potential, half-cell 
• standard electrode potential, standard cell potential 
• dry cell, accumulator 
• faraday 
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Standards for the unit 

7 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

 11A.23.1 Explain oxidation and reduction in terms of gain or loss of oxygen and in 
terms of electron transfer. 

 

 
 

11A.23.2 Explain redox reactions in terms of change in oxidation number.  

 

10A.19.7 Know that the elements of the first 
transition series (titanium to copper) 
have similar physical and chemical 
properties and relate this to their 
electronic structures. 

11A.23.3 Know that variable oxidation number is an important feature of transition 
metal chemistry and explain it in terms of the elements’ electronic 
structures. 

12A.19.10 Explain how the variable oxidation 
states can result in transition metal 
ions acting as oxidising and reducing 
agents. Give examples of transition 
metal redox systems 

 11A.23.4 Measure cell potentials and relate them to the relative position of the 
metals in the reactivity series; describe the chemical changes in a cell in 
terms of half-cell reactions. 

 

 11A.23.5 Define standard electrode potentials relative to the standard hydrogen 
electrode and describe methods used to measure the standard electrode 
potentials of metals or non-metals in contact with their ions in aqueous 
solution. Calculate a standard cell potential by combining two standard 
electrode potentials. 

 

 11A.23.6 Know the half-cell reactions of everyday cells, such as the dry cell and the 
accumulator. 

 

 11A.23.7 Describe the function of a fuel cell with particular reference to the 
hydrogen–oxygen cell. 

 

 11A.23.8 Be aware of the need to recycle modern rechargeable batteries, such as 
those in computers and cellular telephones, because of the poisonous 
heavy metals they contain (e.g. mercury and cadmium). 

 

2 hours 

Redox 
 

3 hours 

Electrochemistry
 

1 hour 

Applications of 
electrochemistry
 

1 hour 

Calculations in 
electrochemistry 

 11A.23.9 Know and use the concept of the faraday (96 500 coulombs) as a mole of 
electrons. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Demonstrate burning magnesium in air. Ask students to write a balanced equation for the 
reaction and introduce the idea of oxidation being the addition of chemically bonded oxygen. 
Ask students to write ion equations for the two half reactions. 

Introduce the idea of oxidation and reduction in terms of gain or loss of oxygen and in terms of 
electron transfer. Give students a number of half equations (e.g. those for the electrolysis of 
CuCl2(aq)) and ask them to determine the species being oxidised and reduced. Ask them to 
mark each other’s answers. 

Light a Bunsen burner (or equivalent). Ask students to write a balanced equation for the 
reaction. They will not be able to write ionic equations for this, so introduce the concept of 
oxidation numbers and the rules governing assigning oxidation numbers. 

Allow students to practise assigning oxidation states with a range of examples of individual 
atoms, ions and molecules. 

Give students a range of equations involving redox reactions and ask them to assign oxidation 
states to all the species involved. Then ask them to determine which species has been oxidised 
and which has been reduced. 

Use magnesium ribbon. 

Safety: Make sure students do not look directly 
at the burning magnesium. Give them pieces of 
cobalt glass to look through. 

 

Appropriate data needed. 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

2 hours 

Redox 
Explain oxidation and 
reduction in terms of gain or 
loss of oxygen and in terms 
of electron transfer.  

Explain redox reactions in 
terms of change in oxidation 
number.  

Know that variable oxidation 
number is an important 
feature of transition metal 
chemistry and explain it in 
terms of the elements’ 
electronic structures. 

Provide students with a range of samples of transition metal compounds and with a worksheet 
like the one below to complete for each compound.  
 

Compound: 

Symbol of 
transition metal 

Oxidation state of 
transition metal 

Colour of the 
compound  

Electronic 
configuration of 
the metal 

 

 

 

   

 

In class discussion, draw out why the transition metals are able to form a range of oxidation 
states. 
 

Students will need: samples of transition metal 
compounds, a blank worksheet for each 
compound. 
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Objectives Possible teaching activities Notes School resources 

Ask students to place a small piece of zinc into a solution of copper(II) sulfate and a small piece 
of copper into a solution of zinc sulfate and to observe what happens in each case. Ask them to 
write half equations for the reaction that occurs (i.e. zinc into a solution of copper(II) sulfate – no 
reaction occurs in the second scenario). Now ask students to place a small piece of copper into 
a solution of silver nitrate and to observe what happens. Then ask them to write ion equations 
for the reaction that occurs. 

Introduce students to the idea of what happens when a metal ion/metal half-cell is produced. 
Discuss the reasons why some systems will have a greater degree of ionisation than others, 
using the examples above. 

Students will need: zinc, copper(II) sulfate 
solution, copper, zinc sulfate solution, silver 
nitrate solution. 

 

 

 

Demonstrate how to set up an electrochemical cell using two metal ion/metal half-cells. Explain 
how they can tell which is the anode and which is the cathode in a cell. 

Provide students with strips of metals and a salt solution for each metal (e.g. Zn and 
ZnSO4(aq)). You might choose zinc, iron, nickel and copper. 

Ask students, in pairs, to design an investigation to determine the order of reactivity of the 
metals provided by constructing a potential difference chart.  

Students will need: power packs, assorted metal 
strips, salts of each of the metals, filter paper, 
potassium nitrate(V) 

Students need to make salt bridges by soaking 
filter paper in a solution of the potassium 
nitrate(V). 

Enquiry skills 11A.1.1–11A.1.4, 11A.3.1, 
11A.4.2 

 

Get them to discuss the limitations of their findings; this will lead to an understanding of the 
need for a standard reference electrode. Introduce them to the standard hydrogen electrode 
and standard conditions.  

If standard hydrogen electrodes are available, get students to make up standard solutions and 
use them to determine the standard electrode potentials of a number of metal ion/metal half-
cells. If no standard hydrogen electrodes are available, ask students to determine the electrode 
potentials of a number of metal ion/metal half-cells compared with a Cu2+/Cu standard half-cell 
and adjust appropriately to give Eθ values. Tell them to repeat this process using halogen/halide 
half-cells with graphite electrodes. 

Draw out the reasons why the metal/metal ion half-cells have negative Eθ values while those for 
the halogen/halide half-cells are positive. 

Ask students to compare their Eθ values against those given in the literature and account for 
any differences. Ask how they could improve the design of their investigation. 

Show students a standard hydrogen electrode 
and/or a simplified diagram. 
 

Students will need: power packs, graphite 
electrodes, assorted metal strips, salts of each 
of the metals, filter paper, potassium nitrate(V), 
copper, copper sulfate, potassium halides. 

Students need to make salt bridges by soaking 
filter paper in a solution of the potassium 
nitrate(V). 

Enquiry skills 11A.1.4–11A.1.6, 11A.1.8, 
11A.3.1, 11A.3.3 

 

3 hours 

Electrochemistry 
Measure cell potentials and 
relate them to the relative 
position of the metals in the 
reactivity series; describe the 
chemical changes in a cell in 
terms of half-cell reactions. 

Define standard electrode 
potentials relative to the 
standard hydrogen electrode 
and describe methods used 
to measure the standard 
electrode potentials of metals 
or non-metals in contact with 
their ions in aqueous solution. 
Calculate a standard cell 
potential by combining two 
standard electrode potentials. 

Provide students with data of standard electrode potentials for a range of half-cells. Do a 
worked example to show how to determine the direction of reaction for each half-cell, and how 
to write a balanced equation for the reaction and determine the standard cell potential by 
combining the two relevant standard electrode potentials. 

Select two half-cells from the data and ask students to:  
• determine what reactions would occur when two different half-cells are connected together; 
• write a balanced equation for the reaction; 
• determine the standard cell potential. 

Ask students to work in pairs and challenge each other to do the same with a different set of 
half-cells and check their partner’s answer. 
 

Provide students with appropriate data. 
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Objectives Possible teaching activities Notes School resources 

Ask students to work in small groups to research the chemistry and uses of everyday cells 
(using the Internet and other sources) to produce a poster. Tell them to include the recycling of 
rechargeable batteries and to research the methods used to do this in Qatar. 

ICT opportunity: Use of the Internet. 

Enquiry skills 11A.2.2, 11A.2.4, 11A.2.5, 11A.3.4 

 1 hour 

Applications of 
electrochemistry 
Know the half-cell reactions 
of everyday cells, such as the 
dry cell and the accumulator. 

Describe the function of a fuel 
cell with particular reference 
to the hydrogen–oxygen cell. 

Be aware of the need to 
recycle modern rechargeable 
batteries, such as those in 
computers and cellular 
telephones, because of the 
poisonous heavy metals they 
contain (e.g. mercury and 
cadmium). 
 

Ask students to make their own small-scale fuel cell by electrolysing sodium hydroxide solution 
and collecting the gases formed at the anode and cathode. Then tell them to disconnect the DC 
supply, connect the graphite electrodes to a high-resistance voltmeter and observe the results. 
Discuss with students the advantages and disadvantages of the use of such a fuel cell, and how 
they might research alternative sources of fuel (e.g. methane). 

Safety: Sodium hydroxide is corrosive. 

Students will need: power packs, sodium 
hydroxide solution, electrolysis cell, graphite 
rods, voltmeters, small test-tubes. 

Enquiry skills 11A.2.4, 11A.4.1 

 

1 hour 

Calculations in 
electrochemistry 
Know and use the concept of 
the faraday (96 500 
coulombs) as a mole of 
electrons 

Give students the equation for the quantity of electric charge used: 
 Q (C) = I (A) × t (s)  

Ask students, in pairs, to set up the equipment to carry out electrolysis using copper anode and 
cathode with copper chloride solution as the electrolyte. Tell them that after a suitable time 
(about 40 minutes) they should determine the increase in mass of the cathode. This can be 
used in conjunction with the time taken for the electrolysis and the current to determine the 
number of coulombs needed to deposit 1 mole of copper. (This approximates to twice the 
Faraday constant.) Provide students with similar data for the deposition of a range of metals 
with +1, +2 and +3 charge and ask them to calculate the number of coulombs needed in each 
case to deposit 1 mole of each metal. 

 

 
Students will need: power packs, filter paper 
potassium nitrate(V), copper, copper chloride 
solution, ammeters. 

Students need to make salt bridges by soaking 
filter paper in a solution of the potassium 
nitrate(V). 

Enquiry skills 11A.4.1, 11A.4.2, 11A.3.1–
11A.3.3 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

What are the oxidation numbers of 

i. chlorine in HCl, HClO, ClO3
–
, PCl3, Na3AlCl6, POCl3 

ii. nitrogen in N2O, NO, NO2, NO3
–
, N2H4, HCN 

From G. Hill, and J. Holman, 1989, Chemistry in Context, 5th edn, Nelson 

  

i. What is the oxidation number of chromium in each of the substances A–F in the reaction scheme 
given? 

ii. Which steps in the scheme involve redox reactions? 

iii. Write equations or half equations to describe each step in the scheme. 
 

 

From G. Hill, and J. Holman, 1989, Chemistry in Context, 5th edn, Nelson 

  

Assessment 
Set up activities that 
allow students to 
demonstrate what they 
have learned in this unit. 
The activities can be 
provided informally or 
formally during and at 
the end of the unit, or for 
homework. They can be 
selected from the 
teaching activities or can 
be new experiences. 
Choose tasks and 
questions from the 
examples to incorporate 
in the activities. 

Use the data in the electrode potential chart to answer the following questions: 

i. Will cobalt metal react with dilute hydrochloric acid to produce hydrogen gas? Give a reason for 
your answer. 

ii. Predictions of this nature are not always borne out in practice. Suggest two possible reasons for 
this. 

iii. Which of the halogens shown in the chart will convert Fe2+(aq) to Fe3+(aq) ion? Write a balanced 
equation for the reaction you choose. 

iv. Draw a labelled diagram of the experimental apparatus by which you could measure Eθ
cell for the 

reaction you described in part iii. 

From Salters chemistry materials 
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 Examples of assessment tasks and questions Notes School resources 

Look at the apparatus in the diagram. When the circuit is complete, a brown colour appears around 
the platinum in the right-hand beaker. 

i. Write a half equation to summarise the reaction at each of the platinum electrodes. 

ii. In which direction do electrons flow? 

iii. Explain the function of the salt bridge, stating which ions are moving in and out of it in each 
beaker. 

 
Adapted from G. Hill, and J. Holman, 1989, Chemistry in Context, 5th edn, Nelson 

 

 

 

 

Write a newspaper article for the general public explaining to them the advantages and 
disadvantages of using rechargeable batteries. Include information on how the reader can minimise 
environmental impact. 
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