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To the Instructor

I.  Introduction to Course 3102C 

The first part of this course further develops student knowledge of acids and bases by

cstudying how equilibrium concepts for K  apply to weak acids and bases. Students will
also study the process of neutralization and use it to develop analytical skills through the
use of titrations.

The second part of the course covers electrochemistry and is generally of great interest to
students as they all tend to know something about corrosion, batteries and electroplating.
Most students enjoy the later part of the electrochemistry section, once they have passed
through the theoretical material in the beginning.

Students taking this course need to know how to solve for unknowns and use a scientific
calculator.

II. Curriculum Guides

Each new ABE Science course has a Curriculum Guide for the instructor and a Study
Guide for the student. The Curriculum Guide includes the specific curriculum outcomes
for the course. Suggestions for teaching, learning, and assessment are provided to support
student achievement of the outcomes.  Each course is divided into units. Each unit
comprises a two-page layout of four columns as illustrated in the figure below. In some
cases the four-column spread continues to the next two-page layout.

Curriculum Guide Organization:
The Two-Page, Four-Column Spread

Unit Number - Unit Title Unit Number - Unit Title

Outcomes

Specific

curriculum

outcomes for

the unit.

Notes for Teaching and

Learning

Suggested activities,

elaboration of outcomes, and

background information.

Suggestions for Assessment

Suggestions for assessing

students’ achievement of

outcomes. 

Resources

Authorized and

recommended

resources that

address

outcomes.
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III. Study Guides

The Study Guide provides the student with the name of the text(s) required for the course
and specifies the sections and pages that the student will need to refer to in order to
complete the required work for the course. It guides the student through the course by
assigning relevant reading and providing questions and/or assigning questions from the
text or some other resource. Sometimes it also provides important points for students to
note. (See the To the Student section of the Study Guide for a more detailed explanation
of the use of the Study Guides.)  The Study Guides are designed to give students some
degree of independence in their work. Instructors should note, however, that there is
much material in the Curriculum Guides in the Notes for Teaching and Learning and
Suggestions for Assessment columns that is not included in the Study Guide and
instructors will need to review this information and decide how to include it. 

IV.  Resources

Essential Resources

Chemistry: Mustoe, Jansen, et al; McGraw-Hill Ryerson, 2004.
McGraw-Hill Chemistry Teacher’s Resource (including CD-ROM)

Recommended Resources

Chemistry 3202 Curriculum Guide:
http://www.ed.gov.nl.ca/edu/sp/chem_3202.htm

Other Resources 

Center for Distance Learning and Innovation: http://www.cdli.ca/

Access Excellence Resource Center:
http://www.accessexcellence.org/RC/chemistry.html

Virtual Chemistry: http://neon.chem.ox.ac.uk/vrchemistry/

http://(http://www.cdli.ca/)
http://www.accessexcellence.org/RC/chemistry.html
http://neon.chem.ox.ac.uk/vrchemistry/
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V.  Recommended Evaluation 

Written Notes 10%
Labs/Assignments 20%
Test(s) 20%
Final Exam (entire course) 50%

100%

The overall pass mark for the course is 50%.
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Unit 1 - Acid - Base Equilibria
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Outcomes Notes for Teaching and Learning

1.1    Compare strong and weak
acids and bases using the concept
of equilibrium.

   1.1.1 Explain the difference
between monoprotic and
polyprotic acids.

a b   1.1.2 Define K  and K
qualitatively and write the
equilibrium constant
expression from the
equation of reaction with
water.

   1.1.3 Understand that the strength
of acid/base systems is
described by percent

a bionization and K  (or K ).

   1.1.4 Define a buffer according to
both its components and its
function.

   1.1.5 Recognize that blood is a
buffer and that without this
natural buffering,
homeostasis would not be
maintained.

a bStudents should realize that K  and K  are simply
equilibrium constants applied specifically to acids and

a bbases respectively. Students should define K  and K
qualitatively and relate their values to their strength.

a bStudents should write appropriate K  and K  equilibrium
constant expressions, knowing that water as a liquid is
omitted in the equilibrium expression.

a bK  and K  are expressions using the same format as that

cused for the equilibrium constant, K . Point out to
students that the same expression is used, but the
subscript is changed.

Students are not expected to complete the problems in
section 15.1.

A buffer solution is a combination of either a weak acid
and its conjugate base or a weak base and its conjugate
acid. The conjugate acid or base is usually supplied by
dissolving an appropriate salt in solution. Buffer
solutions react to a small amount of of added acid or
base in a way that minimizes the fluctuation in pH
value. See the Teaching Strategies in the Teacher’s
Resource for description of an easy way to demonstrate
buffer solutions.
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Suggestions for Assessment Resources

Students could investigate how the pH of human blood remains

3extremely constant. (Hint: [HCO (aq)] ions are present.)-

Instructors should check student answers to questions 1.1 - 1.7 in
the Study Guide.

MGH Chemistry, pages
582 - 597.

Teacher’s Resource for
MGH Chemistry
(including CD-ROM).

Website for the text:
http://www.mcgrawhill.ca
/school/booksites/chemist
ry/index.php

Department of Education
website:
http://www.ed.gov.nl.ca/e
du/science_ref/chem3202.
htm 

The centre for distance
learning and innovation
website: 
http://www.cdli.ca/

http://www.mcgrawhill.ca/school/booksites/chemistry/index.php
http://www.mcgrawhill.ca/school/booksites/chemistry/index.php
http://www.mcgrawhill.ca/school/booksites/chemistry/index.php
http://www.ed.gov.nl.ca/edu/science_ref/chem3202.htm
http://www.ed.gov.nl.ca/edu/science_ref/chem3202.htm
http://www.ed.gov.nl.ca/edu/science_ref/chem3202.htm
http://www.cdli.ca/
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Outcomes Notes for Teaching and Learning

2.1    Explain how acid-base
indicators function.

   2.1.1 Define neutralization
reaction and salt.

   2.1.2 Define acid/base indicators
operationally.

   2.1.3 Define acid/base indicators
theoretically.

   2.1.4 Perform calculations
involving neutralization
reactions.

2.2    Demonstrate an
understanding of the titration
process.

   2.2.1 Define titration.

   2.2.2 Describe the process of a
titration.

   2.2.3 Define primary standard
and recognize its
importance in a titration
procedure.

   2.2.4 Differentiate between
indicator end point and
equivalence
(stoichiometric) point.

Students should know the terminology involved with
titrations: pipette, burette, endpoint, equivalence point,
primary standard, standard solution, standardization and
indicator.

In evaluating the lab reports of titration experiments,
instructors may consider allocating marks to precision
in repeated trials and/or quality of endpoints obtained
using observation and checklists.

Instructors should ensure that students understand that
the accuracy of the titration process is dependent upon
the accuracy of the primary standard, standard solution,
and specialized glassware.  Instructors could use the
titration process as an excellent illustration of the
difference between accuracy and precision.  Students
should understand the importance of obtaining titration
data within a given volume range for several trials
(textbooks may vary in their acceptable ranges).

Instructors should also stress that the best end point is
one which has the slightest detectable permanent color
change.  For example, when using a phenolphthalein
indicator which changes from colourless to pink with
added base, a very slight pink, not a intense pink
indicates the endpoint.

Students should compare the qualitative term, endpoint,
with the quantitative term, equivalence point.
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Suggestions for Assessment Resources

Neutralization is a process that is controlled in lab experiments.
Teachers could ask students: "How do you think this process
works?" or "Does it work in other environments, such as a lake or
your stomach?" 

Students could examine diagrams of apparatus used in titrations
and describe the use of each. Examples should include the burette
and Erlenmeyer flask

Instructors could observe student use of the equipment in an
acid-base titration and allow students to practice the safe and
efficient use of the equipment. 

Instructors could ask students: "Why is a burette, not a graduated
cylinder, used in a titration?"  

Instructors could ask students: "What is equivalence point?
endpoint?" and "Why is it important that both occur at
approximately the same pH in a titration?" 

If a titration between a weak acid and a strong base has an
equivalence point pH of 9.5, students could determine which
indicators could be used to detect the equivalence point of the
titration. 

Students could determine which indicators would work best for a
titration with
– an equivalence point at a pH of 4.0
– a weak base with a strong acid
They should use an indicator chart as a reference and justify their
choice.  

MGH Chemistry, pages
599 - 607.

MGH Chemistry,
Appendix E, Table E-19,
“End-Point Indicators”,
page 849.

MGM Teacher’s
Resource CD-ROM,
Solutions Manual.



Unit 3 - Oxidation - Reduction

Curriculum Guide Chemistry 3102CPage 6

Outcomes Notes for Teaching and Learning

3.1    Define oxidation and
reduction theoretically.

   3.1.1 Define the terms: oxidation,
reduction, oxidizing agent,
reducing agent and  half-
reaction

   3.1.2 Define oxidation and
reduction in terms of the
loss or gain of electrons.

   3.1.3 Identify redox reactions.

   3.1.4 Identify the species
oxidized or reduced in a
redox reaction.

   3.1.5 Identify the oxidizing and
reducing agents in a redox
reaction.

   3.1.6 Write half-reactions from
balanced chemical reactions
for oxidation reduction
systems.

   3.1.7 Investigate oxidation
reduction reactions.

   3.1.8 Determine the relative
activities of metals from
single siplacment reactions.

Students should understand from the beginning that
electrochemistry involves the study of all reactions in
which transfer of electrons takes place.  Some of these
reactions produce electricity for our use (e.g. batteries)
while others need electrical energy to occur (e.g.
electrolysis of water).  However, many electrochemical
reactions occur where no electricity is produced or used

2(e.g. Na + ½ Cl   Na Cl).

The transfer of electrons may be illustrated using simple
Bohr models to show formation of Na  from Na and Cl+ -

from Cl and the resulting electron loss and gain.

One way to begin this topic is to ask students to observe
an electrochemical reaction.  A simple one is to place a

4strip of zinc metal in a CuSO  solution.  Copper metal
forms on the surface of the zinc, zinc metal disappears,
and the blue color of the Cu  ions fades.   The two2+

half-reactions represent electron loss and electron gain
at the zinc surface.  These can be determined, along
with the overall reaction, by doing questions similar to
the following:

e.g. What happened to the Cu  ions?  They changed2+

to Cu metal.
What is the equation for this?  Cu  Cu2+

How can this occur?  Cu  gains two electrons.2+

Is the equation balanced?  It is not balanced for charge
but it can be balanced using the two electrons lost as
follows:

Cu  + 2  Cu   This is one half reaction.2+ e-

Where do the two electrons come from? 
The Zn as it changes to Zn  in solution.2+

What is the second half reaction?    Zn  Zn  + 22+ e-

At this point the definitions of oxidation and reduction
can be introduced using the two half-reactions above as
examples.  The mnemonics OIL (Oxidation Involves
Loss) and RIG (Reduction Involves Gain) can be
introduced to help students remember the meaning of
both terms.
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Suggestions for Assessment Resources

Instructors could:

- Give the student an equation and ask if it is a redox
reaction.

- Give balanced redox equations and ask the student to
identify the element oxidized, and reduced as well as the
oxidizing and reducing agent 

2 2e.g. Cl  (aq) + 2 KBr (aq) 6Br  (aq) + 2 KCl (aq)

- Also, for equations like the one above, ask the student to
break it into an oxidation half-reaction and a reduction
half-reaction.

- Assign some extra problems found on the CDLI site.

- List examples of redox reactions that might occur in the
home.

Students are to complete and submit Investigation 18-A, “Single
Displacement Reactions” and submit a lab report.  The report
should be used as part of the evaluation for this course.

The Teacher’s Resource provides tips for the lab and all the
answers to the lab questions.

MGH Chemistry: pages
712-719.

MGH Chemistry
Teacher’s Resource:
pages 273-283.

ww.cdli.ca
Chemistry 3202: Unit 04:
Section 01: lesson 01.

Core Lab:
Investigation 18-A,
“Single Displacement
Reactions”, pages 718-
719.
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Outcomes Notes for Teaching and Learning

3.2    Students will understand and
use the concept of oxidation
number.

   3.2.1 Define oxidation number.

   3.2.2 Use rules to determine the
oxidation number of an
element.

   3.2.3 Identify the species
oxidized or reduced using
oxidation numbers.

   3.2.4 Identify if a reaction is a
redox reaction using
oxidation numbers.

Thought Lab: Finding Rules for Oxidation Numbers can
be used with students to help introduce them to the
rules.

Remind students that elements do not actually possess
the value of the oxidation number i.e. C is not +4 in

2CO . Oxidation numbers are a tool to help in
understanding electrochemistry.

Instructors should note that a common error by students
is to assign oxidation, reduction, oxidizing agent and
reducing agent with four different substances (reactants
and products) involved in a redox reaction.  It is
important for students to remember that oxidation,
reduction, oxidizing agent and reducing agent only
involve the reactants.

Students should learn the oxidation number rules and be
able to apply them to determine the oxidation number of
all species in molecules or ions.  By applying oxidation
number rules to equations, students should be able to
predict if the reaction is an oxidation-reduction reaction
or not.  Using the numbers assigned to individual
species, they should be able to identify the species
oxidized, species reduced, oxidizing agent and reducing
agent.
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Suggestions for Assessment Resources

Instructors should check students’ answers all questions from the
Study Guide.

Instructors could assign extra problems from the Section Review,
Chapter Review and/or Unit Review of the text or from the
“Additional Practice Problems” on the Teacher’s Resource CD-
ROM.

Instructors will also find extra problems on the CDLI (Center for
Distance Learning and Innovation) site.

MGH Chemistry: pages
721-729.

MGH Chemistry
Teacher’s Resource:
pages 284-287.

MGH Teacher’s
Resource, CD-ROM.

ww.cdli.ca
Chemistry 3202: Unit 04:
Section 01: lesson 02.

MGH Teacher’s
Resource, CD-ROM.
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Outcomes Notes for Teaching and Learning

3.3    Write and balance redox
reactions.

   3.3.1 Balance half reaction for
acidic solutions.

   3.3.2 Use balanced half reactions
to balance redox reactions
in acidic solution.

Many oxidation reduction processes require acids or
bases. This course restricts itself to acidic media. 

Students may need help understanding how the rules
apply to an equation. They may need to work  through
several examples with their instructor before they are
ready to solve these problems on their own.

Investigation 18-B could be completed to give students
concrete examples of redox reaction involving acids.
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Suggestions for Assessment Resources

Extra problems are on the CDLI site.

Other textbooks and the web have many redox equations for
balancing. (Careful the questions chosen are reasonable!)

Problems 1 to 21 on pages 751-753 of the text provide addition
questions, (omit those in basic solution).

Students could be provided with a copy of BLM 18-1, “The Half-
Reaction Method of Balancing Equations”, for practice.

BLM 18-3, “Chapter 18 Test”, also includes questions that could
be used for practice.

MGH Chemistry: pages
730-741.

MGH Chemistry
Teacher’s Resource:
pages 287-291.

ww.cdli.ca
Chemistry 3202: Unit 04:
Section 01: lesson 03.

BLM 18-1, “The Half-
Reaction Method of
Balancing Equations”,
BLM 18-3, “Chapter 18
Test”.
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Outcomes Notes for Teaching and Learning

4.1    Understand how oxidation-
reduction reactions can be a source
of electricity.

   4.1.1 Explain what is meant by a
spontaneous redox reaction.

   4.1.2  Identify the components of
a galvanic cell and describe
how they work.

   4.1.3 Determine half-cell
reaction, the direction of
current flow, electrode
polarity, cell potential, and
ion movement in a galvanic
cell.

   4.1.4 Build galvanic cells in the
laboratory.

   4.1.5 Use electrochemical cell
notation to represent an
electrochemical cell.

   4.1.6 Describe the construction of
primary and secondary
batteries.

Note that the positions of the anode and cathode are
switched in Figure 19.5 on page 759 of the text.  This is
to avoid the misconception that a diagram must always
show the anode on the left.

See the Teacher’s Resource for suggested Teaching
Strategies for Section 19-1, Galvanic Cells, and for tips
for carrying out the lab.

Full solutions for all Practice Problems are in the
solutions manual on the Teacher’s Resource CD-ROM.
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Suggestions for Assessment Resources

Investigation 19-A should be completed and a lab report
submitted.  The report should be used as part of the evaluation for
the course.

BLM 19-9, “Galvanic Cell Notation”, can be used to give
students extra practice working with shorthand notation for
galvanic cells.

MGH Chemistry: pages
756-764

MGH Chemistry
Teacher’s Resource:
pages 299-303.

Core Lab:
Investigation 19-A,
“Measuring Cell
Potentials of Galvanic
Cells”, pages 762-763.

BLM 19-1, “Galvanic
Cell Notation”.
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Outcomes Notes for Teaching and Learning

4.2    Understand standard cell
potentials.

   4.2.1 Describe the use of the
hydrogen half-cell as a
reference.

   4.2.2 Predict cell voltage using a
table of Standard Half-Cell
Potentials.

4.3    Understand the process of
electrolysis.

   4.3.1 Determine if an oxidation-
reduction reaction is
spontaneous using a table of
standard half-reaction

   4.3.2 Identify the components of
an electrolytic cell and
describe how they work.

   4.3.3 Explain the process of
electrolysis and
electroplating.

   4.3.4 Determine oxidation and
reduction half-cell
reactions, direction of
current flow, electrode
polarity, cell potential and
ion movement for
electrolysis of molten salts.

Although the text presents two methods of calculating
standard cell potentials, the subtraction method is
preferred.  It emphasizes that only the difference has
meaning and it avoids the need to explain why you do
not change the potential when you multiply the equation
by a numerical coefficient.

Electrolytic cells are essentially the reverse of galvanic
cells.  An external source of current induces a non-
spontaneous redox reaction.  In an electrolytic cell,
oxidation occurs at the anode and reduction occurs at
the cathode.  The anode has a positive charge, and the
cathode has a negative charge.
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Suggestions for Assessment Resources

BLM 19-2, “Electrolytic Cells and Galvanic Cells”, can be copied
and worked through with students to review the similarities and
differences between electrolytic cells and galvanic cells.

MGH Chemistry: pages
768-775, 776-777; 794-
795. 

MGH Chemistry
Teacher’s Resource:
pages 303-305; 309-311.

BLM 19-2, “Electrolytic
Cells and Galvanic Cells”.
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Outcomes Notes for Teaching and Learning

4.4    Understand and use Faraday’s
Law.

   4.4.1 Describe the relationship
between time, current and
the amount of substance
produced or consumed in an
electrolytic process.

   4.4.2 Solve problems using
Faraday’s Law.

   4.4.3 Investigate Faraday’s Law
by performing an
electroplating process in the
laboratory.

   4.4.4 Define metallurgy,
pyrometallurgy and
hydrometallurgy.

   4.4.5 Differentiate between
mineral and ore.

   4.4.6 Explain what is meant by
the terms extraction and
refining

   4.4.7 Assess some environmental
issues associated with the
refining of metals.

Using Faraday's Law and stoichiometry, the amount of
products produced by an electrolytic cell can be
determined.  Faraday's Law determines the number of
moles of electrons which pass through a cell when a
particular current is applied over a period of time. 
Current (in amperes) multiplied by time (in seconds)
gives the total charge, in coulombs, carried by the
electrons.  Faraday's Constant (F = 96 500
coulombs/mole) gives the charge on 1 mole of
electrons, therefore by dividing, the moles of electrons
are obtained.

 

Using stoichiometry and the appropriate half reaction
occurring, the amount of product produced can be
determined.  For example, calculate the moles of Mg
produced when a current of 60.0 A is passed through a
magnesium chloride solution for 4.00 hours.
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Suggestions for Assessment Resources

Investigation 19-C should be completed and a report submitted.

Assignment, “From Mineral to Metal: Metallurgy and
Electrolytic Refining”, should be completed and submitted. 
Instructors may require completion of questions in addition to
those mentioned in the Study Guide.

Both the Lab Report and the assignment should be used as part of
the evaluation for the course.

BLM 19-3, “Chapter 19 Test”, can be used for selection of
questions for review.

A final comprehensive exam should be given for the course.

MGH Chemistry: pages 
790-797.

MGH Chemistry
Teacher’s Resource:
pages 309-311.

Assignment, “From
Mineral to Metal:
Metallurgy and
Electrolytic Refining”,
Appendix B.

Core Lab:
Investigation 19-C,
“Electroplating”, pages
794-795.

BLM 19-3, “Chapter 19
Test”.
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Acid Around Us
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From Mineral to Metal: Metallurgy and Electrolytic Refining
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