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About this Learning Guide
Welcome to the learning guide for the Waste Management course. This Secondary IV course in the Science and 
Technology program is intended to develop your ability to deal with situations relating to the production and 
elimination of waste resulting from natural resources development and their impact on the environment. 

For this purpose, you will study problems or technological applications involving to:

•	 chemical and nuclear transformations; 

•	 the physical properties of solutions and the organization of matter;

•	 contamination of the different Earth systems and the technological processes that can reduce it;

•	 the ecological footprint and ecotoxicology;

•	 waste generated by natural resources development and its impact.

You will carry out experimental activities or refer to your prior knowledge to understand or solve problems, 
and then clearly communicate what you have learned.

You are now invited to carry out the learning activities presented in the six chapters of this learning guide.

Portailsofad.com 
Video capsules and printable versions of 
complementary resources for this guide and 
the TRANSFORMATIONS collection are 
available on the portailsofad.com website;  
they will assist you throughout this course.
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INTRODUCTION

The first page describes the context and the theme that 
will provide the basis for learning the new concepts 
introduced in the chapter.

A table of contents 
opposite the first 
page presents the 
knowledge to be 
acquired in the two 
learning situations and 
the theme of each one.
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CHAPTER 5 – The Physical Properties of Solutions

CHAPTER 5

Water, the Universal 
Solvent

Water is important for the survival of all living things and 

for the environment. When you buy bottled water, you 

may be expecting to quench your thirst with pure water. 

However, if you look at the label, you will see that it lists the di� erent 

minerals present in the water as well as their concentrations, 

particularly that of calcium. Unless you buy distilled water, there 

will always be dissolved minerals in your water, whether bottled 

or from the tap. This is because certain minerals are very soluble in 

water and because spring water will erode the rocks over which it 

runs, carrying away various compounds. Wouldn’t it be interesting 

to calculate how many atoms of calcium are in one bottle of water? 

To be able to do this, you must be familiar with the concept of mole. 

In this chapter, you will learn about certain physical properties of 

aqueous solutions, in which the solvent is water.

The Physical Properties 
of  Solutions

219

©
 S

O
F
A

D
 -

 A
ll 

rig
h

ts
 r

e
se

rv
e

d
.

CH
AP

TE
R 

5

SITUATION 5.1

In the Environmental 
Analysis Laboratory p. 220

concEpt of molE and avogadro’s numBEr

concEntration in mol/l
pEriodicity of chEmical propErtiEs

SITUATION 5.2

An Unwanted Product p. 246
soluBility

prEcipitation

KNOWLEDGE SUMMARY p. 262

INTEGRATION p. 264

LES

Electric Metals p. 268

PRACTICAL ACTIVITY

The learning process presented in each chapter allows you to make progress by building on what you learned in the 
previous sections. The following diagram illustrates this process and states the educational aim of each section.

SITUATIONS

There are two learning situations in 
each chapter: one is theoretical and 
the other is practical, in the form of 

an experiment. The learning process 
in both situations allows you to 

acquire new concepts and develop 
competencies within real-life, 

meaningful contexts.
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SITUATION 5.1

In the Environmental 
Analysis Laboratory

You are an environmental laboratory 
technician, and your job is to develop 
protocols for monitoring lake water quality.

Your colleagues have sent you the results 
of the analysis of three lake water samples. 
Shown below is a table listing the results 
of the analysis. You notice that each sample 
contains di� erent contaminants and that 
di� erent units of measurement were used 
to measure their concentrations.

This will complicate your task somewhat, which is to identify the most 
contaminated sample, but you are ready to take up the challenge!

Results of the analysis of three water samples

Sample 1 Sample 2 Sample 3

Lead (Pb): μ8,0 g/L

Mercury (Hg): 
0.008 ppm

Cadmium (Cd): 
0.040 ppm

Carbofuran 
(C12H15NO3): 
0.085 mg/L

Carbaryl 
(C12H11NO2): 
0.47 mmol/L*

Dichloromethane 
(CH2Cl2): 

52 mg/m3

Benzene (C6H6): 
3.9 µg/L

* 1 mmol = 1 millimole = 10–3 mol

GOAL

Compare concentrations 
expressed in di� erent units.

TA
S

K You will determine which of the water samples contains 
the greatest total concentration of contaminants.

concEpt of molE and avogadro’s numBEr

concEntration in mol/l
pEriodicity of chEmical propErtiEs
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SITUATION 5.2

An Unwanted Product

You work for the Ministry of the 
Environment where you are responsible 
for the disposal of chemicals. A factory 
that has just closed has a pond containing 
75 000 litres of a solution of barium chloride 
with an unknown concentration. You will 
use your knowledge of chemical reactions 
to remediate the site. 

Your employer asks you to choose a 
reactant that will precipitate the barium 
in the solution so that you can then safely 
remove it from the pond.

GOAL

Determine the reactions 
that generate a precipitate.

TA
S

K You will choose a reactant that gives rise to a precipitation 
reaction upon contact with barium chloride.

soluBility

prEcipitation

PRACTICAL ACTIVITY

CHAPTER ORGANIZATION
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SITUATION 5.1

In the Environmental  
Analysis Laboratory

You are an environmental laboratory 
technician, and your job is to develop 
protocols for monitoring lake water quality.

Your colleagues have sent you the results 
of the analysis of three lake water samples. 
Shown below is a table listing the results 
of the analysis. You notice that each sample 
contains different contaminants and that 
different units of measurement were used 
to measure their concentrations.

This will complicate your task somewhat, which is to identify the most 
contaminated sample, but you are ready to take up the challenge!

Results of the analysis of three water samples

Sample 1 Sample 2 Sample 3

Lead (Pb): μ8,0 g/L

Mercury (Hg): 
0.008 ppm

Cadmium (Cd): 
0.040 ppm

Carbofuran 
(C12H15NO3): 
0.085 mg/L

Carbaryl 
(C12H11NO2): 
0.47 mmol/L*

Dichloromethane 
(CH2Cl2):  

52 mg/m3

Benzene (C6H6): 
3.9 µg/L

* 1 mmol = 1 millimole = 10–3 mol

GOAL

Compare concentrations 
expressed in different units.

TA
S

K You will determine which of the water samples contains 
the greatest total concentration of contaminants.

ConCept of mole and avogadro’s number

ConCentration in mol/l
periodiCity of properties
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ANSWER KEY PAGE 372

RESOLUTION

TA
S

K You will determine which of the samples of 
water contains the greatest total concentration 
of contaminants.

Here is a reminder of the analysis results.

Results of the analysis of three water samples

Sample 1 Sample 2 Sample 3

Lead (Pb): 8.0 μg/L

Mercury (Hg): 
0.008 ppm

Cadmium (Cd): 
0.040 ppm

Carbofuran 
(C12H15NO3): 
0.085 mg/L

Carbaryl 
(C12H11NO2): 
0.47 mmol/L*

Dichloromethane 
(CH2Cl2): 

52 mg/m3

Benzene (C6H6): 
3.9 µg/L

* 1 mmol = 1 millimole = 10–3 mol

Choosing a common unit of measure
1 In your opinion, which unit of measure of concentration is the most suitable for determining 

the quantity of contaminant particles in a given volume of water? Justify your answer.

Total concentration of contaminants for each sample
2 Do the calculations for sample 1.

Answer:  

RESOLUTION

When you get to this section, you 
should have all the knowledge you 
need to complete the task described 
at the beginning of the chapter.  

Additional elements of the investigative 
process in science and exploration 
strategies are suggested here.
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ACQUISITION B

All known elements are organized in a table that is quali� ed as “periodic.” What does this mean exactly? 
Generally, something that is periodic occurs at regular intervals. How can we apply this de� nition to the 
periodic table of elements?

Now that you are familiar with the characteristics of elements in the same family in the periodic table, you will 
carry out an experimental activity that will let you see the trends in certain properties of the elements across 
a period. You will then understand why it is called the “periodic” table.

Periodic properties of the elements
Atomic mass

Atomic mass is the property of the elements whose periodic trend is the easiest to spot, since the elements 
are already classi� ed in increasing order of atomic number in the periodic table.

1 Make a graph of the atomic mass of elements as a function of the atomic number for the first four 
periods of the periodic table (elements 1 to 36). On the graph, draw vertical lines to mark off each period.

Title:  

ANSWER KEY PAGE 373

ACQUISITION B

In this second Acquisition section, 
you will learn new concepts that are 
prescribed by the program and that 
are related to the concepts covered 
in Acquisition A. 

CONSOLIDATION

This section allows you to put into 
practice the knowledge covered in 
Acquisition A and Acquisition B. Like 
the Integration exercises, the 
Consolidation exercises also help 
you to develop the competencies.
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1 Let’s compare a mole of two different substances.

a) Does a mole of chromium represent the same number of particles as a mole of oxygen gas? 
Explain your answer.

b) Does a mole of each substance have the same mass? Explain your answer.

2 What does Avogadro’s number represent and what value does it have?

3 For the following compounds, indicate how many moles of the atoms of each element are present.

a) 1 mole of LiOH:  

b) 2 moles of CH4:  

c) 1.5 moles of NaCl:  

d) 0.25 mole of CaI2:  

4 Calculate the number of moles corresponding to each of the following quantities.

a) 6.456 × 1025 atoms of Cd

b) 3.204 × 1027 molecules of H2

CONSOLIDATION

ANSWER KEY PAGE 374
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ANSWER KEY PAGE 370

EXPLORATION

The following questions will help you to analyze the learning situation. Write down your answers even 
if you are not sure of them. You will be able to check them against the explanations in the answer key.

1 What data value can be used to determine which sample is the most contaminated? 
Explain your answer.

2 Are you able, at first glance, to determine which sample contains the greatest total concentration 
of contaminants? If not, what prevents you from doing so?

3 What should you do with the given data in order to be able to compare them?

4 Are you familiar with a unit of measure for determining each sample’s contaminant concentration 
in terms of the number of particles per unit volume? If so, name this unit.

STRATEGY Create an action plan
You can attempt to create an action plan as soon as you begin to analyze a problem. Sometimes, the problem-
solving process is fairly evident from the outset. In such cases, you can see your way to the solution. You can 
therefore determine the steps you will have to carry out to solve the problem. In so doing, you may realize that 
you will have to acquire new knowledge in order to complete the task.

EXPLORATION

In this section you will analyze 
the information provided in the 
learning situation and identify what 
you already know about the topic 
at hand, as well as the new 
knowledge you will need 
to complete the task.

Different aspects of the 
investigative process in science 
and exploration strategies are 
suggested here.

ACQUISITION A

In this section, you will acquire the 
knowledge required to complete 
the task.
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ANSWER KEY PAGE 370

ACQUISITION A

Eggs are sold by the dozen at the local market; schools buy pencils in packages of 100, and the crowds 
that are expected to attend events are estimated in the thousands. Use of “dozen,” “hundred,” or “thousand” 
to express a quantity is in relation to the total number of objects or persons in a set. Furthermore, it would 
not be very practical to talk about a crowd of more than 400 dozen people instead of � ve thousand people, 
or to buy eggs by the hundred at the supermarket.

To count particles, chemists use a practical quantity which takes into 
consideration both the very small size of atoms and molecules and their 
very large number. This amount is called “the mole.”

The mole
By performing the following calculations, you will realize that the mole 
is an indispensable tool for expressing an amount of matter.

1 First, calculate the mass of a sugar molecule (sucrose: C12H22O11) 
in units of atomic mass.

2 Now express this mass in kilograms.

You can see how small the mass of a molecule of sucrose is, in spite of the 45 atoms it contains.

3 Calculate the number of molecules of sucrose in a sugar cube. The mass of a sugar 
cube is 5.0 g.

Can this number be expressed more concisely? This is where the concept of the mole comes into play. 
Chemists developed the mole as a means of counting quantities of particles.

note
To make calculations 
easier, round o�  atomic 
masses to a single 
decimal place.

toolbox
When dealing with very 

large or very small numbers 
it is convenient to use 

scienti� c notation (p. 6).
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SITUATION 5.1

In the Environmental 
Analysis Laboratory

You are an environmental laboratory 
technician, and your job is to develop 
protocols for monitoring lake water quality.

Your colleagues have sent you the results 
of the analysis of three lake water samples. 
Shown below is a table listing the results 
of the analysis. You notice that each sample 
contains di� erent contaminants and that 
di� erent units of measurement were used 
to measure their concentrations.

This will complicate your task somewhat, which is to identify the most 
contaminated sample, but you are ready to take up the challenge!

Results of the analysis of three water samples

Sample 1 Sample 2 Sample 3

Lead (Pb): μ8,0 g/L

Mercury (Hg): 
0.008 ppm

Cadmium (Cd): 
0.040 ppm

Carbofuran 
(C12H15NO3): 
0.085 mg/L

Carbaryl 
(C12H11NO2): 
0.47 mmol/L*

Dichloromethane 
(CH2Cl2): 

52 mg/m3

Benzene (C6H6): 
3.9 µg/L

* 1 mmol = 1 millimole = 10–3 mol

GOAL

Compare concentrations 
expressed in di� erent units.

TA
S

K You will determine which of the water samples contains 
the greatest total concentration of contaminants.

concEpt of molE and avogadro’s numBEr

concEntration in mol/l
pEriodicity of chEmical propErtiEs

PRESENTATION OF THE 
LEARNING SITUATION

This page sets out the main theme 
of the chapter, briefly describes the 
context of the learning situation, 
and  provides the information needed 
to complete the task.

A text box describes the task to be 
carried out later on, in the Resolution 
section. This task is the starting point 
for acquiring the new knowledge that 
will enable you to complete it.

CHAPTER END…

This section summarizes all the key 
concepts presented in the chapter.
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KNOWLEDGE SUMMARY

The mole
The mole is a quantity of matter corresponding to the number of atoms contained in 0.012 kg (12 g) 
of carbon-12. Its symbol is mol.

Avogadro’s number is the number of particles contained in one mole of a given substance. Its symbol is NA 
and its value is 6.022 × 1023 particles/mol.

The molar mass (M) of an element, or its atomic molar mass, is the mass of one mole of atoms of the element. 
It is equal to the atomic mass of the element, expressed in grams per mole (g/mol).

The molar mass (M) of compound, or molecular molar mass, is the mass of one mole of the compound; 
it is obtained by adding the atomic molar mass of all the atoms in the molecule.

Molar concentration
The molar concentration or molarity of a solution is the number of moles of solute per litre of solution. 
It can be expressed in molarity (M) or in moles per litre (mol/L), two equivalent units.

c = 
n
V

where c is the molar concentration in moles per litre (mol/L),

 n, the quantity of solute in moles (mol)

and V, the volume of solution in litres (L).

Periodic properties of the elements
In general, the atomic mass of the elements increases with the atomic number. Thus, atomic mass increases 
from left to right in a period, and from top to bottom in a group.

Atomic mass

A
to

m
ic

 m
as

s

The learning and evaluation situation (LES) is 
a complex task similar to those that you will 
encounter in the final exam. It includes a 
rubric for the comptencies (competency 
evaluation chart). 
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LES

Electric Metals
You have recently inherited a homemade 
plating bath from an uncle who was an 
electroplating enthusiast. Electroplating 
is an electrochemical process whereby an 
object is coated with a thin layer of metal. This 
technique has a variety of applications and 
appeals to many budding chemists who want 
to make everyday objects sparkle.

The plating bath you inherited is 30.0 cm long, 15.0 cm wide and 20.0 cm deep. By reading your uncle’s 
notes, you learn that it is preferable not to � ll the plating bath more than three-quarters full with 
an electrolytic solution.

TA
S

K Using the process of your choice, you will 
determine the maximum mass of metal you can 
electroplate.

The principle of electroplating 
A compound containing a metal ion is dissolved in a plating bath in order to 
form an electrolytic solution. Two electrodes are immersed in the solution, and 
each electrode is attached to one terminal of a power supply. When the electrical 
current � ows through the solution, the metal cations in the compound move to 
the cathode (the object to be plated) and are deposited on it. Conversely, the 
anions in the solution move to the anode.

++
-

Cathode Anode

Aqueous solution

+-

++
-

++

This section includes complex exercises 
and scenarios that require you to apply 
what you have learned in the chapter.
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ANSWER KEY PAGE 378

INTEGRATION
For questions 1 to 4, consider the following compounds:

a) LiBr b) B2O3 c) H2Se d) BeF2

1 Give the molar mass of each of the elements in these compounds.

a)  

b)  

c)  

d)  

2 Calculate the molar mass of each compound.

a)  

b)  

c)  

d)  

3 If we have 75.0 g of each compound, how many moles are there in each one?

a)  b) 

c)  d) 

4 If we have samples of 1.75 moles of each compound, how much does each one weigh?

a)  b) 

c)  d) 

VIII
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ANSWER KEY
CHAPTER 5

 SITUATION 5.1
IN THE ENVIRONMENTAL ANALYSIS LABORATORY

EXPLORATION PAGES 221 AND  222

1 The total concentration of contaminants should 
enable us to determine which sample is the most 
contaminated, by giving us the total quantity 
of contaminants in one unit volume of water.

2 At first glance, it is not possible to determine which 
sample is the most contaminated because the 
concentrations are expressed in different units 
of measure that cannot be compared directly.

3 The given data must be converted to a common unit 
of measure so that they can be compared.

4 Personal answer.

5 1. Find a unit of measure that can be used to express 
a quantity of matter in terms of the number 
of particles.

2 Use this unit of measure as a unit of concentration 
for the aqueous solutions.

3. Convert the given data so that they are 
all expressed in this new common unit 
of concentration.

4. Calculate the total concentration of contaminants 
in each sample.

5. Compare the results and determine which sample 
is the most contaminated.

ACQUISITION A PAGES 223 TO 231

1 We have mC = 12.0 u, mH = 1.0 u and mO = 16.0 u. 
We want msugar.

 msugar  = 12 × 12.0 u + 22 × 1.0 u + 11 × 16.0 u 
msugar  = 342 u

The mass of a sugar molecule, expressed in units 
of atomic mass, is 342 u.

2 We saw in Chapter 3 that, by convention, an atomic 
mass unit is defined as precisely one-twelfth the mass 
of an atom of carbon-12, that is: mu = 1.661 × 10–27 kg.

 msugar (in kg)  = msugar (in u) × mu 
 = 342 u  × 1.661 × 10–27 

kg
u

 msugar (in kg) = 5.68 × 10–25 kg

The mass of a sugar molecule, in kilograms, 
is 5.68 × 10–25 kg.

3 We have mcube = 5.0 g = 0.0050 kg.

 N = 
m
m

cube

sugar
 = 

0.005 0 kg
5.68 10 kg25× −

 N = 8.8 × 1021

There are therefore 8.8 × 1021 sucrose molecules 
in a sugar cube.

4 We have N = 8.8 × 1021 molecules 
and NA = 6.022 × 1023 molecules/mol. We want n.

 n = 
N

NA
 = 

8.8 10 molecules
6.022 10 molecules /mol

21

23
×

×

 n = 0.015 mol

One sugar cube contains 0.015 mole of sucrose 
molecules.

5 For one atom, we have mO = 16.0 u.

 mO (in kg)  = mO (in u) × mu 
  = 16.0 u  × 1.661 × 10–27 

kg
u

 mO (in kg)  = 2.66 × 10–26 kg

For one mole, we have:

 MO = NAmO  = 6.022 × 1023 × 2.66 × 10–26 kg 
  = 0.016 0 kg

 MO = 16.0 g

Therefore, one mole of oxygen has a mass of 16.0 g.

6 a) 35.5 g/mol b) 52.0 g/mol c) 27.0 g/mol

7 a) 2 atoms of H

b) 1 atom of S

c) 4 atoms of O

d) M = (2 × 1.0 g/mol) + 32.1 g/mol + (4 × 16.0 g/mol)

 M = 2.0 g/mol + 32.1 g/mol + 64.0 g/mol 

 M = 98.1 g/mol

 The molar mass of hydrogen sulphate is 98.1 g/mol.

8 a) MKCl = 39.1 g/mol + 35.5 g/mol = 74.6 g/mol

 If    1 mol of KCl = 74.6 g

 then n mol of KCl = 12.1 g

  n = 
1mol 12.1g

74.6 g
×

 = 0.162 mol

 Therefore, 12.1 g of KCl is equal to 0.162 mole.

ANSWER KEY

The Answer Key at the end of the guide 
will allow you to check your answers 
and steer you through the learning 
process. It contains the answers to the 
questions in the guide and detailed 
explanations regarding the correct 
procedure or line of reasoning to 
be used.
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ANSWER KEY PAGE 393

REVIEW

1. Ecology and Biotechnology
1 If we have 150 mL of a solution whose concentration is 50.0 g/L, what is the mass of solute 

in the solution?

2 7.5 g of NaCl are poured into 100 mL of water. Express the concentration of this solution in kg/L.

3 What volume of solvent is needed to prepare a 50 g/L solution using 2 g of solute?

4 Indicate the most appropriate technique (sedimentation, decantation or filtration) for separating 
the following mixture.

a) A mixture of water and peppercorns.

b) A mixture of water and garden soil.

c) A mixture of water and oil.

5 What is a sediment?

REVIEW

While working through the 
Situation sections, you will come 
across Reminder text boxes 
containing knowledge that you 
covered in previous courses and 
that you will need to understand 
new concepts or complete the 
task.

The Review section consists of 
questions that will help you to 
review the concepts appearing in 
the Reminder boxes.
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GLOSSARY
The key concepts are bolded blue and the terms that are de� ned in the body text of the chapters 
are bolded black.

Abundance
Refers to the relative proportion in nature of an 
isotope compared to other isotopes of the same 
element. It is expressed as a percentage.

Acid
An electrolyte which releases hydrogen ions (H+) 
in aqueous solution. Its pH is less than 7.

Acid-base neutralization
Chemical reaction in which an acid and a base react 
to form water and a salt. 

Acid deposition
Term encompassing di� erent forms of precipitation 
(fog, snow, hail, dew, rain and sleet) and dry 
substances (dust, sand, etc.) which have greater 
than normal acidity levels (pH < 5).

Activation
Process by which air is injected into wastewater 
to promote the decomposition of organic matter 
by microorganisms. 

Aerobic
Refers to a process that occurs in the presence 
of oxygen.

Aerosol
Fine solid particles or liquid droplets suspended 
in air.

Alkaline earth metal
Metal in group 2 (IIA) of the periodic table 
(beryllium family).

Alkali metal
Soft, very reactive metal in group 1 (IA) 
of the periodic table (lithium family).

Alpha decay
Transformation of an atomic nucleus in which 
the mass number decreases by 4 units, whereas the 
charge of the nucleus decreases by 2. The alpha (α) 
particle is emitted during alpha decay.

Alpha particle
Helium-4 nucleus consisting of two protons and 
2 neutrons which is emitted during alpha (a) decay. 
It has a positive charge.

Anaerobic
Said of a process that occurs in the absence 
of oxygen.

Analgesic
Medication that can reduce or relieve pain.

Anion
Atom that has gained one or more electrons. 
It is an ion with a negative charge.

Arable soil 
Thin layer of soil rich in organic matter and conducive 
to plant growth.

Atmosphere
The gaseous envelope that surrounds the Earth, 
which consists mainly of nitrogen and oxygen.

Atomic mass unit
Mass unit corresponding to one-twelfth of the mass 
of an atom of carbon-12. Its symbol is u.

1 u = 1.661 × 10–27 kg

Atomic molar mass
Mass of one mole of an element. It corresponds 
to the value of the element’s atomic mass, expressed 
in grams per mole (g/mol).

Atomic number
Corresponds to the number of protons contained 
in one of the atoms of a given element.

Atomic radius
Distance at which the outermost electron of an atom 
orbits around the atomic nucleus.

Autotroph
An organism capable of synthesizing its own food 
from mineral elements or solar energy.

GLOSSARY

Key concepts bolded blue and 
terms bolded black in the body 
text of the chapters also appear in 
the Glossary.
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SELF-EVALUATION
This last activity will prepare you for the � nal examination for this course and will help you to determine the 
extent to which you have mastered the subject matter. The self-evaluation activity is divided into two parts.

Part 1: Explicit Evaluation of Knowledge
This part consists of questions that are not related to one another. Each question focuses on a speci� c 
area of knowledge.

Part 2: Evaluation of Competencies
In this part, you will be asked to solve a task similar to those you encountered in each chapter of this guide. 
You will be required to carry out tasks that involve various areas of knowledge applied to a new context.

Instructions
• Carefully read each question before answering it.

• You may use a calculator.

• Show all your work and detailed calculations.

• Once you have completed this activity, correct it using the answer key for each question.

Performance Analysis
Since this is a self-evaluation activity, you will be checking your results yourself against the answer key found 
at the end of this guide. This will enable you to determine the extent to which you have mastered the course 
content and whether you are ready to sit for the � nal examination. In light of this exercise, you may feel 
the need to review certain concepts. You will be provided with instructions in this regard.

SELF-EVALUATION

A Self-evaluation activity is found 
in the first part of the Supplement. 
It is used to evaluate the 
knowledge you have acquired 
and the competencies you have 
developed during the course. It 
also helps you determine the 
knowledge you have mastered 
and the concepts you must 
review before doing the Scored 
Synthesis Activity.
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RUBRICS FOR THE COMPETENCIES

Theory
The theory part of the course involves competencies 2 and 3.

• Competency 2: Makes the most of his/her knowledge of science and technology

• Competency 3: Communicates in the languages used in science and technology

Here is a rubric of the evaluation criteria for these competencies and the rating scale for the criteria. 
Use this rubric to complete the mini-rubric found at the end of each LES.

Evaluation 
Criteria

Excellent
A

Very good
B

Good
C

Weak
D

Very weak
E

2.1
Accurate 
interpretation 
of the problem

Recognizes all the 
relevant elements 
and scientific 
and technological 
principles.

Recognizes 
almost all the 
relevant elements 
and scientific 
and technological 
principles.

Recognizes some 
of the relevant 
elements and 
scientific and 
technological 
principles.

Recognizes few 
of the relevant 
elements and 
scientific and 
technological 
principles.

Recognizes very 
few of the 
relevant elements 
and scientific 
and technological 
principles.

2.2
Relevant use 
of scientific and 
technological 
knowledge

Makes perfect use 
of the concepts, 
laws or theories 
and the 
relationships 
between them.

Makes correct use 
of the concepts, 
laws or theories 
and the 
relationships 
between them.

Makes some use 
of the concepts, 
laws or theories 
and the 
relationships 
between them.

Makes awkward 
use of the 
concepts, laws 
or theories and 
the relationships 
between them.

Makes very little 
use of the 
concepts, laws 
or theories and 
the relationships 
between them.

2.3
Appropriate 
formulation 
of explanations 
or solutions

Meticulously 
structures his/her 
explanations by 
using scientific 
and technological 
knowledge.

Correctly 
structures his/her 
explanations by 
using scientific 
and technological 
knowledge.

Provides some 
structure to his/
her explanations 
by using scientific 
and technological 
knowledge.

Provides 
disorganized 
explanations 
by using little 
scientific and 
technological 
knowledge.

Provides very 
little structure 
to his/her 
explanations by 
using very little 
scientific and 
technological 
knowledge.
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APPENDICES

Half-Life of selected radioactive isotopes

Isotope Half-life Isotope Half-life

Polonium-214 1.64 × 10–4 s Ruthenium-106 1.02 y

Helium-6 0.81 s Cobalt-60 5.3 y

Rubidium-82 1.26 min Hydrogen-3 12.4 y

Fluorine-18 1.83 h Lead-210 22.2 y

Technetium-99m 6.0 h Cesium-137 30.2 y

Iodine-123 13.2 h Plutonium-238 87.74 y

Samarium-153 1.93 d Americium-241 432.2 y

Indium-111 2.8 d Carbon-14 5730 y

Radon-222 3.8 d Plutonium-239 24 100 y

Iodine-131 8.0 d Uranium-235 7.07 × 108 y

Palladium-103 16.99 d Potassium-40 1.28 × 109 y

Strontium-89 50.52 d Uranium-238 4.5 × 109 y

Polonium-210 138.38 d Rubidium-87 4.75 × 1010 y

Note: s = second; min = minute ; h = hour ; d = day; y = year.

Empirical rules for the solubility in water of ionic compounds

Anions + Cations = Solubility in 
water

Example of 
compound

All
ions of alkali metals

(Li+, Na+, K+, Rb+, Cs+, Fr+)
Soluble NaOH

All H+ Soluble HCl

All NH4
+ Soluble NH4Cl

NO3
– all Soluble NaNO3

CH3COO– all Soluble CH3COOH

ClO–, ClO2
–, ClO3

–, ClO4
– all Soluble KClO

RUBRICS FOR THE  
COMPETENCIES

There are Rubrics for the Competencies 
at the end of the guide. After 
completing a learning and evaluation 
situation, or LES, you can use these 
rubrics to evaluate your work. You can 
then complete the abbreviated rubric 
found at the end of each LES.

APPENDICES

In this section, you will find additional 
information such as abbreviations and 
units of measure.
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HEADINGS

Presents the task to be carried out as part 
of the learning situation.

Presents exploratory or analytical 
strategies that can be applied in various 
situations.

Presents aspects of the investigative 
process in science that can be applied in 
various situations.

Encourages you to discover additional 
scientific, historical and cultural 
information related to the concepts being 
studied.

Refers to knowledge acquired in previous 
courses and to review exercises related to 
this Reminder.

REMINDER

The pH scale

pH is a measure of . . .

KEY KNOWLEDGE

Soil depletion is a decrease in the 
fertility of soil resulting from the loss 
of organic matter and nutrients.

Presents new key concepts to be 
learned. This knowledge is prescribed 
by the program of studies.

TA
S

K You will explain which of the two 
approaches to farming . . .

STRATEGY Consider . . .
When an investigative process involves forming an 
opinion or . . .

INVESTIGATIVE PROCESS B…
The first step in the investigative process is to define the 
problem . . .

REVIEW EXERCISES 
PAGE XXX, NUMBERS 1 TO 3 

DID YOU KNOW?
Spring flooding in the Montérégie
In spring 2011 in the Montérégie,  
residents…

Montréal

Magog

Lake Placid
Burlington

St-Jean-sur-Richelieu

États-Unis
Canada

Sorel

X
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Gives additional information or points out 
exceptions that can apply to the concept 
in question.

Gives a tip that makes the task simpler, 
or suggests a different approach to dealing 
with the problem or applying the concept 
in question.

Indicates that you are now ready to do the 
Scored Activity that will test your understanding 
of what you have learned. The Scored Synthesis 
Activity is done at the very end of the course. 

These activities are presented in separate booklets. 
Once you have completed them, you must submit 
them to your teacher or tutor, who will correct 
them and provide feedback.

You must now do Scored 
Activity 1. It is available on 
the course website . . . S
C

O
R

ED
 

A
C

T
IV

IT
Y

Refers to the information found in 
the Toolkit.

Refers to information to be completed 
in the Experimental Activity Booklet.

Toolk it
See  

Collecting a liquid volume.

laboratory report
Read the goal of the experiment and the steps in 
the experimental procedure . . .

T i p

Upstream means in a direction opposite to that of the 
stream’s current, whereas downstream means in the 
direction that a river or stream is flowing.

note
It is important to differentiate between prevailing 
winds and jet streams. A jet stream is a narrow band 
of high-altitude winds encircling the Earth . . . 
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outlined below.
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