Up and at ‘Em
Erica Taylor, Thornhill Secondary School, YRDSB
erica.taylor@yrdsb.edu.on.ca
The following activities can be used to get your class up and out of their seats and thinking about
chemistry. These activities can be used to introduce, teach and review topics in grades 11 and 12.
The session will consist of resources for a variety of different activities.
Some activities can be used to assess prior knowledge; some to have the students teach themselves
specific topics, and some to allow students to reinforce their understanding of topics. They are
designed to engage and promote discussion amongst the students as they work with each other in
small groups.
The corresponding files for these activities can be found on the ChemEd site for your use. Any
feedback on the activities can be directed to my email account and would be appreciated.

Activities to Address the Assessment of Prior Knowledge
• Who Captured the Chemist? – Introductory review of grade 10 material. I use this on the first day to
see what they remember and get an idea of who has a strong grade 10 foundation.
• Who Kidnapped the Chemist? – Introductory review of grade 11 material. I use this on the first day
to see what they remember and get an idea of who has a strong grade 11 foundation.
• Nomenclature Boggle – Using a modified Boggle board, students create chemical formulae (review
of gr.10 nomenclature)
• Pieces of the Puzzle – Solutions vocabulary matching activity. Students match the terms to their
definitions and/or examples. Each term has one or more pieces that match.

Activities to Review and Reinforce Concepts
● Are you an Author? – Students write “textbook” paragraphs to accompany the provided images
(alternate version: Can you Create the Caption? – they write a concise, 1 sentence description.)
● Consolidating Ideas – Students work in small groups to define and explain basic terms related to
reactions
• Reactions Stations Review – Students work in small groups to complete the different stations related
to reactions as part of their review.
• Organic Molecule Identification – Students examine the pre-made molecules to practice their ability
to draw structures, name them and identify the functional group.
• Chemical Chameleon – Perform the experiment, observe and explain using appropriate vocabulary
from the rates of reaction unit.

Process-Oriented Guided Inquiry Learning (POGIL) Activities
● Noodlium – Students work in small groups to develop the idea of average atomic mass
● Chemical Analysis – Developing a Method to Identify Formulae of Compounds
Students determine how to calculate empirical and molecular formulae using student exemplars.
● Bail-out! – Introductory equilibrium activity, with a preview of LeChâtelier’s principle.
• It’s Your Turn to be a Chemist! – Students pretend they are Hess and attempt to develop his law.
This activity can be easily differentiated for each group – equations are added or removed from the
“standard set” to adjust the difficulty.
• 3-D Shapes – An investigation to determine the VSEPR shapes of various central atoms.
• Investigation – Building Molecular Models to Illustrate Hydrocarbon Reactions – Students work with
models kits to identify the main reactions of alkanes, alkenes and alkynes.
• Exploring a Galvanic Cell – Students learn how to identify the reaction and label the components of
a galvanic cell.
• Word Problem Literacy – Students create annotated solutions to identify what information the
different components of the question provide.
• You be the Teacher – Students work in small groups to solve a Ka or Kb problem, and then present
their solution to the class demonstrating where the marks for the questions would be allocated.
• Set it Up – The students identify the steps required to solve an assortment of grade 12 Chemistry
calculations. No numerical answers are required.

Who Captured the Chemist? – Teacher Notes
I have them do this activity on the first day of the grade 11 chemistry course. This gives them a
chance to see what they remember, and it provides me with an introduction to who knows what and
what all they remember. All of the questions are taken from the Ontario grade 10 curriculum. I try to
have groups of 3 – 4. It depends on how many clue sets you make.
Provide each group with a periodic table.
Tell them there is a prize for the first to finish so they should not share solutions with other groups.
(I give out mini Periodic Tables or larger, detailed ones.)
I instruct them that they must pass the answer sheet around the group so that one person does not do
all of the writing. Each of them must be able to explain the answer before they put up their hand to
have their work checked.
I circulate around the room and observe to see who is doing what. I remind them that no one person
can complete the questions on their own or their group is disqualified. Use a highlighter to put a check
mark on their correct answers so that you do not give them a clue for the same question twice.
They can check after each question, or stock pile a bunch depending on their strategy.
Copy the clues on to different colours of paper (one colour for each group) so they are easy to
distinguish in your hand, some times you have to move around the room quickly! They must receive
the clues in numeric order regardless of the order they answer the review questions. (The last clue
gives away the puzzle.)
It usually takes them longer then you would think, ~45 minutes. (Unless you have a really smart
group, then if they finish I just tell them to sit quietly so the rest of the class doesn’t know they are
done and they keep working!) I have some chem. puzzles on hand if a group finishes really quickly.

Who Captured the Chemist?
Six chemists whose names are David Stevenson, Jacqueline Brown, Tom Jones, Bob Edison, John
Smith, and Mary Fox were in the laboratory together. Suddenly, the lights went out. When the lights
came back on, David Stevenson was missing.
Other detectives have investigated. They have questioned the suspects, the witnesses, and people
who know the suspects. They have collected physical evidence (hair samples, fiber samples, etc.)
from the crime scene. They have collected 14 clues, but have not been able to solve the crime.
Your goal is to examine the clues and solve the crime. The kidnapping was carried-out single
handedly by one of the five suspects. No two suspects have the same height, weight, colour car,
colour umbrella, or spouse's first name. Each group will be given 14 chemistry review questions to
answer. When your group has completed a question correctly you will receive one of the clues. For
each additional correct answer, you will receive an additional clue.
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#1

#2

#3

Bob Edison is 5 feet 9 inches
tall.

The suspect who is 5 feet 3
inches tall weighs 120 pounds.

The kidnapper was carrying a
red umbrella.

#4

#5

#6

The suspect who is 5 feet 6
inches tall is not the one who
has a husband named Caleb.

Tom Jones owns a white car.

Mary Fox has a husband
named Caleb.

#7

#8

#9

John Smith is 6 feet tall.

The suspect who is 5 feet 6
inches tall weighs 140 pounds.

The suspect who was carrying
a green umbrella is not the one
who is 6’2” tall.

#10

#11

#12

The suspect who weighs 190
pounds is not the one who
owns a silver car.

The suspect who was carrying
a black umbrella weighs 145
pounds.

The suspect who was carrying
an orange umbrella weighs 120
pounds.

#13

#14

Jacqueline Brown weighs 140
pounds.

The suspect who is 6 feet tall
was carrying a red umbrella.

You must correctly answer the questions and all group members must be able to explain the
solution in order to receive a clue. You may use the provided Periodic Table.
Question
a) Draw the Bohr-Rutherford and Lewis
dot diagrams for the element P.
b) Write the symbol and the ionic
charge of the ion that P forms.

a) Name: FeI2
b) Give the formula for:
lead (II) bromide
Name the following polyatomic ions:
SO42PO43-

Write a word equation to represent the
following:
Nitrogen and oxygen gases react in a
car engine to produce poisonous
nitrogen dioxide.

Decide whether each diagram
represents an element, a compound,
or a mixture.

List 5 types of chemical reactions.

Rough Work & Answer

Balance the reaction:
Ca + HBr → CaBr2 + H2

Balance the reaction:
CaCl2 + Al2(SO4)3 → CaSO4 + AlCl3

Predict the products:
Mg + AgNO3 →

Predict the products:
Pb(NO3)2 + KCl →

What is produced when a metal oxide
reacts with water?
What is produced when a non-metal
oxide reacts with water?

Reactions that feel hot are called…..
Reactions that feel cold are called…..

a) In general, what do you get when
you add an acid plus a base?
b) Write a simple, balanced equation
using sodium hydroxide and
hydrochloric acid.

A pure substance that contains two or
more different elements in a fixed
proportion is called a(n)….

Who Kidnapped the Chemist? – Teacher Notes
Same idea as the Captured the Chemist activity for grade 11. The puzzle is more challenging – they
have to create a flow chart or some other technique to solve the logic puzzle. There are two versions
of the logic puzzle – see second file.
I have them do this activity on the first day of the grade 12 chemistry course. This gives them a
chance to see what they remember, and it provides me with an introduction to who knows what and
what all they remember. All of the questions are taken from the Ontario grade 11 curriculum. I try to
have groups of 3 – 4. It depends on how many clue sets you make.
Provide each group with a periodic table.
Tell them there is a prize for the first to finish so they should not share solutions with other groups. (I
give out mini Periodic Tables or larger, detailed ones.)
I instruct them that they must pass the answer sheet around the group so that one person does not do
all of the writing. Each of them must be able to explain the answer before they put up their hand to
have their work checked.
I circulate around the room and observe to see who is doing what. I remind them that no one person
can complete the questions on their own or their group is disqualified. Use a highlighter to put a check
mark on their correct answers so that you do not give them a clue for the same question twice.
They can check after each question, or stock pile a bunch depending on their strategy.
Copy the clues on to different colours of paper (one colour for each group) so they are easy to
distinguish in your hand, some times you have to move around the room quickly! They must receive
the clues in numeric order regardless of the order they answer the review questions. (The last clue
gives away the puzzle.)
It usually takes them longer then you would think, at least 45 minutes. (Unless you have a really
smart group, then if they finish I just tell them to sit quietly so the rest of the class doesn’t know they
are done and they keep working!) I have some chem. puzzles on hand if a group finishes really
quickly.

Who Kidnapped the Chemist?
Mary Beem, who is a wife, mother of four, grandmother of nine,
and a famous chemist, is the inventor of the miracle chemical
“Beemnozolone” (a brain stimulant). Unfortunately one of Mary’s
relatives has decided that this drug must not be made available to
the public and has kidnapped her to prevent it’s manufacture.
Your goal is to find out the name of the relative who kidnapped Mary by piecing together the
relationships of each person with the clues below.
The kidnapper’s sister was suspicious of her sibling and confirmed her distrust by talking to
three people: her grandfather Bob, her cousin Bo, and her uncle (blood relative) Bill. She
called the police and the suspect was apprehended at the annual family barbeque. Only the
direct descendents and their spouses were present (Note: None of Mary’s grandchildren were
married or had kids, and no two people have the same first name).
Each group will be given eight questions to answer. When your group has completed a
question correctly (all work must be shown on the worksheet) you will receive a clue to help
you solve the mystery. For each additional correct answer, you will receive an additional
clue.
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You must correctly answer the questions to receive a clue. The questions do not need to be
solved in order.
Question
Give the definition of two types of bonding and
provide an example of each type.
(The chemical formula or name).

Name the following:
CCl4
Sn(SO4)2
(NH4)3PO3
Balance the following equation:
NH3 + H2O + Y2(SO4)3 → (NH4)2SO4 + Y(OH)3

List 5 types of chemical reactions.

What is the mass of 3.04 x 10-4 mol of baking soda,
NaHCO3?

What volume of 0.0259 mol/L can be prepared from
30.0 g of Fe(NO3)3•9H2O?

Rough Work & Answer

How many moles of chlorine gas are needed to
produce 50.0 g of sulphur dichloride?
Cl2(g) + 2S(l) → S2Cl2(l)

An 18.9 g sample of Cu and an 82.0 g sample of
16 M HNO3 are allowed to react. They produce
22.6 g of NO2. Theoretically, 27.3 g of NO2 should
be produced. What is the percent yield for this
reaction?

Clue #1

Clue #2

Clue #3

Bill was talking with his
brother-in-law Barry.

Bart, Buck and Bruce
(who are all brothers)
were by the barbeque.

Mary’s daughter May,
who was with her
husband Bem, had their
two children: Missy and
Bernie

Clue #4

Clue #5

Clue #6

Each of the 4 couples
has at least two kids.

Mo, Bob’s son-in-law,
was talking with his wife
Robin and both were
keeping an eye on their
sons.

Bo was by himself in a
corner napping, while his
sister Molly was talking
with their cousin Megan.

Clue #7

Clue #8

Myra was pushing one of Bob was with his
her two children, Brad, on daughter Maria.
the swing.

Who Kidnapped the Chemist?
Mary Beem, who is a wife, mother of four, grandmother of nine,
and a famous chemist, is the inventor of the miracle chemical
“Beemnozolone” (a brain stimulant). Unfortunately one of Mary’s
relatives has decided that this drug must not be made available to
the public and has kidnapped her to prevent it’s manufacture.
Your goal is to find out the name of the relative who kidnapped Mary by piecing together the
relationships of each person with the clues below.
The kidnapper’s sister was suspicious of her sibling and confirmed her distrust by talking to
three people: her grandfather Carl, her cousin Ken, and her uncle (blood relative) Kevin. She
called the police and the suspect was apprehended at the annual family barbeque. Only the
direct descendents and their spouses were present (Note: None of Mary’s grandchildren were
married or had kids, and no two people have the same first name).
Each group will be given eight questions to answer. When your group has completed a
question correctly (all work must be shown on the worksheet) you will receive a clue to help
you solve the mystery. For each additional correct answer, you will receive an additional
clue.

Who Kidnapped the Chemist?
Mary Beem, who is a wife, mother of four, grandmother of nine,
and a famous chemist, is the inventor of the miracle chemical
“Beemnozolone” (a brain stimulant). Unfortunately one of Mary’s
relatives has decided that this drug must not be made available to
the public and has kidnapped her to prevent it’s manufacture.
Your goal is to find out the name of the relative who kidnapped Mary by piecing together the
relationships of each person with the clues below.
The kidnapper’s sister was suspicious of her sibling and confirmed her distrust by talking to
three people: her grandfather Carl, her cousin Ken, and her uncle (blood relative) Kevin. She
called the police and the suspect was apprehended at the annual family barbeque. Only the
direct descendents and their spouses were present (Note: None of Mary’s grandchildren were
married or had kids, and no two people have the same first name).
Each group will be given eight questions to answer. When your group has completed a
question correctly (all work must be shown on the worksheet) you will receive a clue to help
you solve the mystery. For each additional correct answer, you will receive an additional
clue.

You must correctly answer the questions to receive a clue. The questions do not need to be
solved in order.
Question
Give the definition of two types of bonding and
provide an example of each type.
(The chemical formula or name).

Name the following:
CCl4
Sn(SO4)2
(NH4)3PO3
Balance the following equation:
NH3 + H2O + Y2(SO4)3 → (NH4)2SO4 + Y(OH)3

List 5 types of chemical reactions.

What is the mass of 3.04 x 10-4 mol of baking soda,
NaHCO3?

What volume of 0.0259 mol/L can be prepared from
30.0 g of Fe(NO3)3•9H2O?

Rough Work & Answer

How many moles of chlorine gas are needed to
produce 50.0 g of sulphur dichloride?
Cl2(g) + 2S(l) → S2Cl2(l)

An 18.9 g sample of Cu and an 82.0 g sample of
16 M HNO3 are allowed to react. They produce
22.6 g of NO2. Theoretically, 27.3 g of NO2 should
be produced. What is the percent yield for this
reaction?

Clue #1

Clue #2

Clue #3

Kevin was talking with his Conner, Casey and Chris
(who are all brothers)
brother-in-law Cam.
were by the barbeque.

Mary’s daughter Lucy,
who was with her
husband Curt, had their
two children: Christie and
Lou

Clue #4

Clue #5

Clue #6

Each of the 4 couples
has at least two kids.

Len, Carl’s son-in-law,
was talking with his wife
Naomi and both were
keeping an eye on their
sons.

Ken was by himself in a
corner napping, while his
sister Leslie was talking
with their cousin Laura.

Clue #7

Clue #8

Linda was pushing one of Carl was with his
daughter Lori.
her two children, Caleb,
on the swing.

Chemical Boggle
Use the modified Boggle grid to write the names of as many compounds
as possible. The elements may be used more than once within the compound,
but you can only join elements that are touching/or linking in the correct order.
Example:

S

F

I

O

K

N

S

C

Be

Acceptable:
Carbon monoxide
Carbon dioxide
Potassium sulphate
Sulphur dioxide
etc.

Not acceptable:
Carbon tetrafluoride
Beryllium fluoride
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Pieces of the Puzzle – Teacher Notes
This activity can be used as part of an introductory lesson, or as a review activity. I usually have them perform a mini-lab involving solubility and different solvents, and then the
students attempt to explain their results. They follow that up with the matching activity and then use any additional terms to strengthen their original explanations.
I cut out one set of instructions and puzzle pieces (just cut as rectangles to save time) and put them in snack sized Ziplocs for each group.
I made the pieces all the same size so that they could not match the terms based on the size of the strips of paper.
Labels for each set are on the next page. The puzzle pieces and the answers are both in separate documents.

Pieces of the Puzzle – Matching Activity

Pieces of the Puzzle – Matching Activity

Match the terms to their definitions and/or examples. Each term
will have one or more pieces that match.
There are 36 pieces.
Please shuffle them before returning them to the bag.

Match the terms to their definitions and/or examples. Each term
will have one or more pieces that match.
There are 36 pieces.
Please shuffle them before returning them to the bag.
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A solute
that will
not
dissolve
in a
solvent.

The most
common
one is
water.

It is usually
a liquid
but can
also be
a solid
or gas.

When two
liquids
mix
to
form a
homogeneous
solution.

Only a
small
amount
will
dissolve.

Only a very
small
amount
will
dissolve.

0.1 to 1.0 gram/100mL

<0.1 gram/100mL

A solute
that will
dissolve
slightly
in a
solvent.

Contains
a large
amount
of
solute
in the
solvent.

It is usually
found in a
larger
quantity
in the
solution.

The amount of solute
that dissolves
in a given
quantity
of
solvent
at a certain
temperature.

The
substance
that
dissolves
a solute.

It can
be
a solid,
liquid
or gas .

SLIGHTLY
SOLUBLE

INSOLUBLE

CONCENTRATED

SOLVENT

SOLUTE

MISCIBLE

SOLUBILITY

IMMISCIBLE

Examples
include:
salt in
water,
alcohol
in water
and
oxygen in water.

It is
usually
found in a
lower
quantity
in the
solution.

The
substance
dissolved
in a
solvent.

Example:
alcohol
and
water.

Example:
oil
and
water.

Liquids
that will
not
dissolve
in each
other.

The
physical
property
that
describes
how soluble
or insoluble a given
solute is in a solvent.

Contains a small
amount of solute
in the solvent.

DILUTE

(adjective)

Solid/Liquid
These solutions
consist of
a
dissolved
solid in a
liquid.
i.e)Kool-Aid,

SOLUTION

Gas/Gas
An example
is pure air:
N2, O2
and trace
amounts
of CO2, H2O,
Ar, etc

To decrease the
concentration of a
solution by adding
more solvent.

The solute is evenly
dispersed within
the
solvent.
creating
a
homogeneous
mixture of two or more
substances.

Liquid/Liquid
These
solutions
consist
of two
(or more)
miscible
liquids.

DILUTE

(verb)
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a liquid
but can
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Only a very
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common
one is
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slightly
in a
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be
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salt in
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alcohol
in water
and
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found in a
lower
quantity
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CONCENTRATED
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amount
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When two
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MISCIBLE

Example:
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and
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The amount of solute
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in a given
quantity
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at a certain
temperature.
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that
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how soluble
or insoluble a given
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that will
not
dissolve
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IMMISCIBLE

DILUTE
Contains a small
amount of solute
in the solvent.

(adjective)

Example:
oil
and
water.

Solid/Liquid
These solutions
consist of
a
dissolved
solid in a
liquid.
i.e)Kool-Aid,

Gas/Gas
An example
is pure air:
N2, O2
and trace
amounts
of CO2, H2O,
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SOLUTION

Liquid/Liquid
These
solutions
consist
of two
(or more)
miscible
liquids.

DILUTE
To decrease the
concentration of a
solution by adding
more solvent.

(verb)
The solute is evenly
dispersed within
the
solvent.
creating
a
homogeneous
mixture of two or more
substances.

Are You an Author – Teacher Notes
Note: You will need to select appropriate images from an old textbook or print them from the internet.
I keep a few of our old texts when we upgrade and use them as a source of images etc for activities. I
glued my pictures onto card stock and laminated them to prevent wear and tear…and student
doodles.
This activity could be easily modified for use in any unit by providing an alternate set of images.
The “Author” version is ideal for checking to see how well they understand and can explain a given
topic.
The “Caption” version works well when you want them to be concise. I have found that my students
often find this version more difficult as they cannot use the “kitchen sink” approach.
I saved the original captions etc to share with the students when we discuss their answers.

Are you an Author?
Imagine you are the co-author of a new chemistry textbook. You have been
provided with a series of images to be included in your Atomic Theory and
Chemical Bonding chapters. Write a concise explanation to accompany the
images in your book. Make sure that you use appropriate vocabulary.
Switch images and descriptions with the other author teams.
Examine their images and edit their descriptions as required.
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Switch images and descriptions with the other author teams.
Examine their images and edit their descriptions as required.

Are you an Author?
Imagine you are the co-author of a new chemistry textbook. You have been
provided with a series of images to be included in your Atomic Theory and
Chemical Bonding chapters. Write a concise explanation to accompany the
images in your book. Make sure that you use appropriate vocabulary.
Switch images and descriptions with the other author teams.
Examine their images and edit their descriptions as required.

Can you Create the Caption?
Imagine you are the co-author of a new chemistry textbook. You have been
provided with a series of images to be included in your Atomic Theory and
Chemical Bonding chapters. Write a concise caption to accompany the images
in your book. Make sure that you use appropriate vocabulary.
Switch images and captions with the other author teams.
Examine their images and edit their captions as required.

Can you Create the Caption?
Imagine you are the co-author of a new chemistry textbook. You have been
provided with a series of images to be included in your Atomic Theory and
Chemical Bonding chapters. Write a concise caption to accompany the images
in your book. Make sure that you use appropriate vocabulary.
Switch images and captions with the other author teams.
Examine their images and edit their captions as required.

Can you Create the Caption?
Imagine you are the co-author of a new chemistry textbook. You have been
provided with a series of images to be included in your Atomic Theory and
Chemical Bonding chapters. Write a concise caption to accompany the images
in your book. Make sure that you use appropriate vocabulary.
Switch images and captions with the other author teams.
Examine their images and edit their captions as required.

Consolidating Ideas – Teacher Notes
I use this activity during the grade 11 types of reactions chapter. I came up with the activity to
make them focus on what the vocabulary means and to help them avoid the use of the word
dissolve when they mean react, etc. They work in small groups to provide their answers on a
piece of chart paper. The use of diagrams is encouraged.
Provide each group with a piece of chart paper, markers and the instructions. I then have each
group present their answers and we discuss their results.
Instructions for the students are on the next page…

Consolidating Ideas...
Define and differentiate between the following pairs of terms. Use the chemicals from the
provided list to show specific examples to support your definitions.
•
•
•

dissolve versus react
a solid product versus a precipitate
single displacement versus double displacement

solid cobalt (II) chloride

solid sodium hydroxide

water

solid aluminum metal
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solid sodium hydroxide

water

solid aluminum metal

Consolidating Ideas...
Define and differentiate between the following pairs of terms. Use the chemicals from the
provided list to show specific examples to support your definitions.
•
•
•

dissolve versus react
a solid product versus a precipitate
single displacement versus double displacement

solid cobalt (II) chloride

solid sodium hydroxide

water

solid aluminum metal

Reactions Review – Teacher Notes
A one or two day review activity for the chemical reactions unit. There are 9 stations.
Set-up:
1) Print an instruction card for each station. Provide a periodic table, solubility rules and activity
series for each station.
2) Station B requires pre-made molecules. I used a molecular model kit to make the following
models for these reactions:
SO3 + H2O → H2SO4
PCl5 → PCl3 + Cl2
HCl + NaOH → H2O + NaCl
CH4 + 2 O2 → CO2 + 2 H2O
2 NaI + Cl2 → 2 NaCl + I2
Cu(NO3)2 + 2 NaOH → Cu(OH)2 + 2 NaNO3
I put them molecules on a piece of chart paper, I divide the paper in half with the Reactants
title on the left and Products title on the right. I put a line down the middle and provide the
following rules:
Keep the molecules on the correct side of the line.
Do not pull the molecules apart.
Do not write on the chart paper.
When you finish, mix up the reactions when you finish, but DO NOT mix the reactants
with the products!!!
I used paint to modify some of the atoms, i.e.) gold for copper atoms and orange polka dots for
iodine.
3) Station E is borrowed from Nelson Science 10, B. Ritter, D. Plumb, F. Jenkins, H. vanKessel
and A.J. Hirsch. Nelson Canada 2001. You will need to print the word cards and laminate
them on card stock

larger
compound

larger
compound

element

element

element

element

element

element

smaller
compound

smaller
compound

smaller
compound

smaller
compound

compound

compound

compound

compound

compound

compound

compound

4) Station G – I used 6 images showing pictures of reactions, along with the part of the caption
that states what some of the chemicals involved are, but not the reaction and not all the
chemicals. I used images cut out of an old textbook.
5) Station H and I – the images are taken from:
The Science Workshop Series – Chemistry Reactions. Seymour Rosen. Globe Fearon Inc.
New Jersey 2000.

Station A – Looking at Solubility
Sometimes an experimenter wants to know whether ions of a certain element are present in a
solution. A quick way of testing is to try to make the ions react with another substance to form a
product that is only slightly soluble. The solid will precipitate out and become visible. But how do we
know which substances are likely to have high solubilities and which low solubilities? A solubility table
outlines the solubilities of a large number of ionic compounds.
a) Which group of monatomic ions forms compounds that all have high solubility in water?
b) Which positive polyatomic ion forms compounds that all have high solubility in water?
c) Predict the solubility of the following ionic compounds. Write the chemical formula and indicate
its expected state in water with a subscript, either (aq) or (s).
i) potassium chloride, (fertilizer)
ii) calcium nitrate, (fireworks)
iii) sodium sulphate, (Glauber’s salt)
iv) silver acetate, (an oxidizing agent)
v) ammonium bromide, (fireproofing)
vi) barium sulphide (vulcanizing)
vii) lead(II) iodide, (photography)
viii) calcium hydroxide, (slaked lime)
ix) iron(III) oxide, (rust)
x) lead(II) sulphate, (car batteries)
xi) calcium phosphate, (rock phosphorus)
xii) potassium permanganate, (fungicide)
xiii) ammonium nitrate, (fertilizer)
xiv) cobalt(II) chloride, (humidistat)
xv) calcium carbonate, (limestone)

Station B – Modelling Equations
A chemist knows that elements and compounds undergo particular types of chemical reactions.
These chemical reactions can be grouped into various categories. Knowledge of these reactions is
useful for two reasons:
• understanding experimental observations of the behaviour in chemical changes
• predicting the products of unknown reactions
***Please do NOT take apart any of the molecules!***
***Keep the molecules on the correct sides of the dividing line,
they have already been sorted into reactants and products.***
a) Use the models of the provided compounds and elements to depict the six main types of
chemical reactions.
b) Record the six types of reactions, and the specific example shown by the models of the
molecules.

Atom Identification
Black (carbon)
Green (chlorine)
Green with orange spots (iodine)
Red (oxygen)
Yellow (sulphur)
Orange (nitrogen)
Purple (phosphorus)
White (Hydrogen)
Silver (Sodium)
Gold (Copper)

Station C – Studying Chemical Change
a) Read the poem and the cartoons. For each one, identify the evidence of chemical change and
predict what type of reaction occurred.
Chemical Reaction
By: Carol Diggory Shields

He was acid, she was alkaline.
He wasn’t her type, but she thought he looked fine.
“You’re opposites,” warned her best friend,
“This will come to no good end!”
But they got together, mixed and mingled,
They bubbled and popped, frothed and tingled.
And when it was over, they both were gone,
Leaving water, salt, and this little song.

b) Read the cartoon. Predict what type of reaction occurred. Provide a reasonable balanced
chemical equation and use the equation to explain the cartoon.

Continued on the back →

c) Read the cartoon. Predict what type of reaction occurred and explain the cartoon. (What can you
infer is meant when we refer to a chemical substance as being “caustic”?)

Station D – Predicting the Products
Chemists classify reactions to make it easier to predict the products of reactions and recognise new
reactions. The reactions are classified into subgroups: synthesis, decomposition, single displacement,
double displacement, neutralization and combustion. Predict the products for the following reactions,
and identify the type of reaction. (You do not need to balance the equations, unless you have time).
a)

Ba(s) + H2O(l) → _________________________

b) Br2(l) + NaI(s) → ________________________

c)

BaCl2(aq) + Na2CO3(aq) → _______________________

d)

Fe(s) + CuSO4(aq) → _________________________

e)

C2H2(g) + O2(g) → ________________________

f)

PCl5(s) → _________ + Cl2(g)

g) H2SO4(aq) + Ni(s) → _____________________

h) Mg(s) + FeCl3(aq) → ______________________

i)

Ca(s) + Cl2(g) → ________________________

j) SO3(g) + H2O(l) → ________________________

Station E – Categorizing Reaction Equations
The system we use to classify reactions is based on the reactants. When we examine the reactants
we ask ourselves questions such as:
“Which reaction involves elements as reactants?”
“Which reaction involves compounds as reactants?”
1. Recognizing the types of reactants is key to identifying the reaction type.
a) What are the meanings of the terms “elements” and “compounds”?
b) Chemists use patterns to classify groups of chemical changes. Most chemical reactions can
be grouped into four categories:
• synthesis

• decomposition

• single displacement

• double displacement

Arrange the words provided to write a general equation (or two) for each of the six types of
chemical reactions.

2. What do synthesis and single displacement reactions have in common?

3. What do decomposition and double displacement reactions have in common?

4. With which reaction(s) would you group combustion reactions? Why?

Station F – What’s the Reaction?
1. Calcium oxide, CaO (lime), is used to make mortar and cement.
a) Write a reaction that could be used to make lime.
b) In construction, cement is prepared by mixing the powdered cement with water.
Write the chemical equation that represents the reaction of CaO with water.
c) Why are we cautioned not to expose skin to lime or cement?

2. Calcium chloride is often used to melt ice on roads and sidewalks, or to prevent it from forming.
Calcium chloride can be made by reacting hydrochloric acid with calcium carbonate. Write the
balanced chemical equation and classify it.

3. Beryllium was first isolated as a relatively pure metal in 1823, when investigators heated solid
beryllium chloride with solid potassium in a platinum coated crucible. Write the balanced chemical
equation and classify it. (Note: The platinum is a catalyst and does not need to be included in the
equation.)

4. One of the major commercial uses of sulphuric acid is in the production of phosphoric acid and
calcium sulphate. The phosphoric acid is then isolated from the products and used for fertilizer.
a) Identify the other reactant that would be combined with sulphuric acid in this reaction.
b) Write a balanced chemical equation, indicating the state of the reactants and products at standard
temperature and pressure, SATP.
c) Describe a simple method that could be used to isolate the phosphoric acid from the other product.

Station G – Observing Reactions
Study the provided photographic images of chemical reactions. Use your qualitative observation skills
to supply:
a) evidence of chemical change
b) the identity of the type of chemical reaction
c) a balanced chemical equation for the reaction (including states)

Station H – Identifying Reactions
Study the provided diagrams of physical and chemical reactions.
For each physical reaction identify:
a) the change of state involved
b) an equation showing the change of state
c) how you would reverse the process

For each chemical reaction identify:
a) the evidence of chemical change
b) the type of chemical reaction
c) the balanced chemical equation

Station I – Identifying Reactions Continued
Study the provided diagrams of physical and chemical reactions.
For each physical reaction identify:
d) the change of state involved
e) an equation showing the change of state
f) how you would reverse the process

For each chemical reaction identify:
a) the evidence of chemical change
b) the type of chemical reaction
c) the balanced chemical equation

Organic Molecule Identification – Teacher Notes
Write the following on the front board:
For each molecule around the room:
A) i) Draw a skeleton structure.
ii) Draw a condensed structure.
iii) Draw a full structure.

B) Name the molecule.

C) Identify the functional group.

I made the following molecules using an old wooden atom and spring model kit, and hot gluing them
so the students could not disassemble them.
For the 1st one, the alkane, I glued hydrogens onto all available positions. To save time (and prevent
additional burns from the hot glue-metal spring combo) I did not attach the hydrogens to the remaining
molecules. This gives the models more of a skeleton look and it made them easier for the students to
identify. I used liquid white-out to number the molecules so that we knew which one we were talking
about when we took up the answers. (I recommend that you do not use labels on pieces of string for
numbering as it gets very messy in the box between uses!)

4-ethyl-3-isopropyl-2,2-dimethyl heptane
2-chloro-3-pentene
2-ethyl-2,4-dimethyl pentanoic acid
ethyl propanoate
cis-1,3-dichlorocyclopentane
1-ethyl-3-methyl benzene
N,N-dimethylpropanamide
butanol
3-pentanamine
2,3,3-trimethyl butanol
3-cyclopropyl-2,4-dimethylpentane
2-butanone
4-ethyl-2-hexanone
N-methyl-2-methyl-2-propanamine
2-cyclohexenamine

Chemical Chameleon – Teacher Notes
In the catalytic reaction of potassium sodium tartrate with hydrogen peroxide, the cobalt chloride
catalyst is in the same phase as the reactants. The students can see the progress of the reaction via
the formation of the green activated complex. The students will also observe how the catalyst is
regenerated by the reappearance of the pink cobalt (II) chloride color
The students are able to see the intermediate species the catalyst forms as the reaction proceeds and
how the catalyst is regenerated at the end of the reaction.
The tartrate ions (in sodium potassium tartrate) are oxidized by the hydrogen peroxide to CO2 and
water.
5 H2O2 (aq) + NaKC4H4O6 (aq) → 4 CO2 (g) + NaOH(aq) + KOH(aq) + 6 H2O(l)
Without the catalyst the evolution of CO is quite slow. With the cobalt chloride solution the reaction
2

proceeds with the rapid evolution of CO .
2

Preparation
Prepare 0.2 M potassium sodium tartrate solution; each group will need ~60mL
Prepare two bottles with the potential chameleons:
-Soln A distilled water with red food dye to approximate the colour of cobalt(II0 chloride solution.
-Soln B with 0.1 M cobalt(II) chloride
I purchased Stabilized H2O2, “50” from a beauty supply store. It is ~15% H2O2, is easy to portion out
using a small plastic spoon, and causes the reaction to be nice and foamy.
Materials
Per group:
1 beaker - 400 or 600 mL in size, 250 mL might be messy but should be okay
1 x 25mL graduated cylinder
2 x 10 mL graduated cylinders
hot plate
beaker tongs
white scrap paper to set the hot solution, for visualization of colours
gloves for clean-up

Can you find the Chemical Chameleon?
Safety: Hydrogen peroxide is a skin and eye irritant.
Avoid contact of all chemicals with eyes and skin.
Work at arms length – no faces over the beakers.
1. Obtain 3 mL of Solution A and 3 mL of solution B in separate 10mL graduated cylinders.
2. Obtain 40 mL of the potassium sodium tartrate solution and divide it between two beakers.
(The beakers must be 250, 400 or 600 mL in size)
3. Add one spoonful of hydrogen peroxide to each of the beakers. Stir.
4. Warm one of the solutions to 65°C on a hot plate.
5. Carefully remove the beaker from the hot plate and place it on a piece of white paper.
6. Make careful observations. Record any changes in the appearance of the mixture, or
additional observations.
7. Add the 3 mL of the solution A. Observe carefully and record any changes in the reaction.
8. Repeat steps 4 – 6, using solution B.
Questions
Which coloured solution was the “chameleon”?
Clean the beaker that did not contain the chameleon, use this beaker for the next step.
What would happen if you heated an additional 20 mL of the tartrate solution combined with a
spoonful of hydrogen peroxide to 65°C, and then added the solution containing the “chemical
chameleon”? Make a prediction and then try it.
Write a paragraph (or more!) to explain what is going on in the reaction. (Do not worry about writing
chemical reactions or identifying reaction types.) Can you relate your observations to terminology
from our unit? Use as many vocabulary terms as possible, and draw diagrams where appropriate to
support your explanations.

Can you find the Chemical Chameleon?
Safety: Hydrogen peroxide is a skin and eye irritant.
Avoid contact of all chemicals with eyes and skin.
Work at arms length – no faces over the beakers.
9. Obtain 3 mL of Solution A and 3 mL of solution B in separate 10mL graduated cylinders.
10. Obtain 40 mL of the potassium sodium tartrate solution and divide it between two beakers.
(The beakers must be 250, 400 or 600 mL in size)
11. Add one spoonful of hydrogen peroxide to each of the beakers. Stir.
12. Warm one of the solutions to 65°C on a hot plate.
13. Carefully remove the beaker from the hot plate and place it on a piece of white paper.
14. Make careful observations. Record any changes in the appearance of the mixture, or
additional observations.
15. Add the 3 mL of the solution A. Observe carefully and record any changes in the reaction.
16. Repeat steps 4 – 6, using solution B.
Questions
Which coloured solution was the “chameleon”?
Clean the beaker that did not contain the chameleon, use this beaker for the next step.
What would happen if you heated an additional 20 mL of the tartrate solution combined with a
spoonful of hydrogen peroxide to 65°C, and then added the solution containing the “chemical
chameleon”? Make a prediction and then try it.
Write a paragraph (or more!) to explain what is going on in the reaction. (Do not worry about writing
chemical reactions or identifying reaction types.) Can you relate your observations to terminology
from our unit? Use as many vocabulary terms as possible, and draw diagrams where appropriate to
support your explanations.

Using your Noodle – Teacher Notes
I use this activity as the introduction to relative atomic mass and have the students work through the
activity and post lab questions to learn how to do the calculations.
Materials
• electronic balance per group or shared between groups (more balances makes for less waiting time)
• one Styrofoam cup per group (some balances are too sensitive to weigh a medium glass beaker)
• one baggie of Noodlium per group
I used kitchen measures and put ¼ cup of macaroni noodles, 1/3 cup small shells and ½ cup of
fusilli into small Ziploc bags. That way each group had the same isotopic mix and I didn’t have
to count noodles.
They complete the first three questions, we compare as a class, and then they perform the
“experiment”. I remind them that Noodlium is a fragile element and they should take care not to break
any isotopes and that of course it is not edible (some one always asks).

Activity – Using your Noodle
1. What is the basic atomic difference between isotopes of the same element?

Any sample of the element will contain these isotopes in the average concentrations typical of that
element. The relative atomic mass is the WEIGHTED average of the masses of the isotopes in a
sample.
2. If there are 200 macaroni noodles, 27 penne noodles and 173 fusilli noodles in a bag, what is the
percent composition of each noodle in the bag?

3. If your chemistry mark is broken down so that 62.0% is based on exams and tests, 14.0% is based
on labs and 18.0% is based on assignments and your scores are: exams/tests 81%, 89% on labs and
83% on assignments, what is your chemistry mark for the semester? (This is your weighted average.)

In this activity you will use an imaginary element whose atoms are macroscopic. Your examination of
this element will be fairly easy since its atoms are visible to the naked eye. The element Noodlium
consists of three isotopes, each represented by a different variety of pasta.
Mass of cup & sample:
Procedure
__________ g
1. Collect a Styrofoam cup, a balance and bag of pasta from the teacher. The
bag will contain a mixture of the different isotopes of Noodlium.
Mass of cup:
2. Measure and record the mass of the empty Styrofoam cup.
3. Use your hand to carefully scoop out a handful and count a multiple of 100
__________ g
into the cup. (It must be a random sample of all three isotopes.)
4. Measure and record the total mass of the noodles in the cup.
Mass of sample:
5. Subtract the two masses to find the mass of the total sample of Noodlium.
6. Carefully pour the noodles from the cup onto the counter. Sort and record the
__________ g
number of pasta noodles by type. (Give the isotopes names.)
7. Calculate the percentage of each noodle type (isotope) in the sample, using
Experimental Mass
the formula:
% Abundance = # of noodles of a given type
=
mass
.
total number of noodles
# of noodles
8. Put all the Noodlium isotopes back into the plastic bag and return your
mexp = _________
materials.
Name of Isotope

Sketch of Isotope

Number of isotope “atoms”

Percentage abundance of isotope
“atoms” in Noodlium sample

9. Take 10 noodles of each type and weigh them.
Divide this mass by 10 to find the isotope (noodle) mass.
Name of Isotope

Mass of 10 Noodles

∴ Isotope mass

10. Determine the weighted average atomic mass for Noodlium using the formula:
average atomic mass = [isotope massa x (%)a] + [isotope massb x (%)b] + [isotope massc x (%)c]
100
100
100
avg. atomic mass =

∴ average atomic mass of Noodlium is _____________ g
Questions
1. Calculate the percent difference, and using this value comment on the accuracy of your results.
% difference = ⏐average atomic mass – experimental mass ⏐x 100%
average atomic mass

2. Explain any sources of error.

3. Define the term isotope. Explain the difference between Neon-19, Neon-20 and Neon-22.

4. The following are natural isotopes of magnesium. Calculate the average atomic mass of the
element magnesium given the following % abundance values.
Mg-24, 78.99%
Mg-25, 10.00%
Mg-26, 11.01%

Activity – Bail Out! – Teachers Notes
I use this as my day 1 introductory equilibrium activity. This activity is similar to many of the
“equilibrium with straw” labs in various chemistry textbooks. I like this one because it provides a
preview of LeChâtelier’s principle, and gives you a graph to refer back to in later lessons.
The students work in pairs. Each requires a 25 or 50 mL graduated cylinder (same size for both
partners) and each also requires a straw, of two different diameters. They collect and analyze their
data and then we discuss it as a class.
Note: The person who has their straw in cylinder B will not be able to transfer any water for the first
trial as they have no water in their cylinder. Sometimes this is confusing to them, but I tell them just to
proceed and follow the instructions.
The original source for this activity is Jim Ross of Ross-Lattner Publishing.
His website is: http://www.rosslattner.ca/curriculum.htm

Activity – Bail Out!
(Source: J. Ross, Ross-Lattner Publishing)

Put 25 mL of water into cylinder A. Put one straw in cylinder A and the other in cylinder B. The person assigned
Straw A is trying to empty their cylinder, one transfer at a time. The person assigned Straw B is trying keep their
cylinder empty, one transfer at a time.
The transfers must occur simultaneously, and you must always keep hold of your own straw.
1. a) Simultaneously dip both straws to the very bottom, and transfer the contents to the
opposite cylinder.
b) Record the new volumes of each cylinder.
c) Repeat until no changes in volume occur for 4 consecutive transfers.
2. a) Remove 10 mL of water from the cylinder that has more water.
b) Record the new volumes in the same cell as your last measurement.
c) Repeat 1 a→c.
3. a) Add 10 mL of water to the cylinder with less water.
b) Record the new volumes in the same cell as your last measurement. Repeat 1 a→c.

Trial
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

A
25.0

B
0.0

Volume

4. Plot the data on the graph.

Trial
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

A

B

Trial
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

A

B

Questions
1. Divide your graph into 6 distinct regions, (remember that the vertical lines are the result of disturbances to the
system and should not be counted as one of your regions). Explain what is happening in each region in terms of
concentration and reaction rate.

2. Compare your graph to several of your neighbours’ graphs. Are they the same? What is the difference?
What appears to cause the difference?

3. This experiment is an analogy. In this analogy, what physical feature of the experimental apparatus
corresponds to:
a) the concentration of reactants = ________________________________
b) the concentration of products = ________________________________
c) forward rate = ________________________________
d) reverse rate = ________________________________
4. Are the volumes in the cylinder A the same when constant volume was achieved? (Refer to your graph) Are
the volumes in cylinder B the same?

5. What is the relationship between the forward rate and the reverse rate when the volumes are constant? Do
either of the rates stop?

6. Calculate the fraction

B
for each of the three constant volume states. What regularity exists?
A

7. Do the relative starting amounts of A and B affect the

B
ratio?
A

Conclusion
When a _____________________ chemical reaction occurs in a _______________ system, the system
eventually reaches dynamic __________________________.

It’s Your Turn to be a Chemist – Teacher Notes
Students pretend they are Hess and attempt to develop his law. This activity can be easily
differentiated for each group – equations are added or removed from the “standard set” to adjust the
difficulty.
Make one instruction page and set of equations per group.
I photocopied my equations onto card stock and then cut them into strips. You can give them the
exact number of equations required, or add in some of the extras. I usually use at least one extra (unneeded) equation per set depending on the strength of my class. You can also include more
equations for some groups and fewer for weaker groups.
Split class into small groups (~4 students), depending on how many sets of equations you make.
They read the instructions and try to start organizing the equations. I tell them that they must work for
~15 min before they can look at the first hint. (The hints are not specific and will not give them the
answer as much as they hope they would.)
You can use paper clips or peel and stick Velcro to attach the hint covers on the back of the
instruction page.
I monitor them and ask questions, such as “Does what you found for this set hold true for the other
sets?” “Did you use a hint? How did it help you?”
I let them figure out the three main ideas:
● Multiplying the coefficients multiplies the ∆H
● Reversing the equation changes the sign of ∆H
● The equations can be added to give the same ∆H as an individual equation.
The students then complete the worksheet to use the ideas that they have discovered in the activity.

It’s Your Turn to be a Chemist!
Imagine it is the year 1840 and you are a Swiss chemist working in your Russian laboratory at the
Technological Institute of the University of St. Petersburg. Your name is Germain Henri Hess and you
are studying the enthalpy changes of reactions.
You have performed four different experiments, each with a series of reactions, and are
attempting to see if there are any relationships between the reactions. If you are
successful, you will become known as the “father of thermodynamics” for your work with
thermochemical equations!
Can you arrive at a series of conclusions derived from the experimental data which will
allow your name to be forever associated with this law?

Use the information for the different experiments to determine the relationship between the reactions.
(Note: Not all of the chemical equations in each experiment will necessarily be used in developing
your law.)
● Data for Experiment #1 is provided on the green strips of paper.
● Data for Experiment #2 is provided on the pink strips of paper.
● Data for Experiment #3 is provided on the purple strips of paper.
● Data for Experiment #4 is provided on the yellow strips of paper.
You may also need paper, a pencil and a calculator.

If you need some hints, flip this page over and reveal the first hint. Think about what it suggests, and
then try to solve the problem again. If that’s not enough, reveal another hint.

Hint #1: Does it matter how many steps are involved in the series of reactions?

Hint #2: What must be true about the initial and final steps?

Hint #3: Does the “path” from reactants to products matter?

Hint #4:

Hint #5: Why do you need to reverse the sign of ΔH when you reverse an equation?

HINT #1

HINT #2

HINT #3

HINT #4

HINT #5

The equations with an asterix are the ones I use as a basic set.
Remember to delete the asterix before printing.

*

H2O(l) + 285.5 kJ → H2(g) + ½ O2(g)

H2(g) + ½ O2(g) → H2O(l) + 285.5 kJ
*

H2O(l) + 43.50 kJ → H2O(g)

*

H2O(g) → H2O(l) + 43.50 kJ

H2O(g) + 242.0 kJ → H2(g) + ½ O2(g)
*

H2(g) + ½ O2(g) → H2O(g) + 242.0 kJ

*

C(s) + O2(g) → CO2(g)

∆H = -393.5 kJ

*

CO2(g) → C(s) + O2(g)

∆H = 393.5 kJ

*

CO(g) + ½ O2(g) → CO2(g)

∆H = -283.5 kJ

*

CO2(g) → CO(g) + ½ O2(g)

∆H = 283.5 kJ

*

C(s) + ½ O2(g) → CO(g)

∆H = -110.0 kJ

CO(g) → C(s) + ½ O2(g)

∆H = 110.0 kJ

*C2H5OH(l) + 3 O2(g) → 2 CO2(g) + 3 H2O(g)

∆H = -1367.0 kJ

*CH3COOH(l) + 2 O2(g) → 2 CO2(g) + 2 H2O(l) ∆H = -874.0 kJ
*C2H5OH(l) + O2(g) → CH3COOH(l) + H2O(l)
kJ
2 CO2(g) + 3 H2O(g) → C2H5OH(l) + 3 O2(g)
*2 CO2(g) + 2 H2O(l) → CH3COOH(l) + 2 O2(g)
kJ
CH3COOH(l) + H2O(l) → C2H5OH(l) + O2(g)

∆H = -493.0

∆H = 1367 kJ
∆H = 874.0
∆H = 493.0 kJ

*4 C(s) + 5 H2(g) → C4H10(g)
C4H10(g) +

∆H = -125.6 kJ

13

/2 O2(g) → 4 CO2(g) + 5 H2O(g)

∆H = -2657.4 kJ

*C(s) + O2(g) → CO2(g)

∆H = -393.5 kJ

*2 H2(g) + O2(g) → 2 H2O(g)

ΔH = -483.6 kJ

*4 CO2(g) + 5 H2O(g)→ C4H10(g) +
kJ

13

/2 O2(g)

∆H = 2657.4

*4 C(s) + 4 O2(g) → 4 CO2(g)

∆H = -1574.0 kJ

*5 H2(g) + 5/2 O2(g) → 5 H2O(g)

ΔH = -1209.0 kJ

3-D Shapes – Teacher Notes
An investigation to determine the VSEPR shapes of various central atoms.
Each group will need an instruction sheet, a data table for each person and a “VSEPR set” created
from Molymod kits.
I put the following items in a snack sized Ziploc:
-

A protractor made by photocopying the attached template onto overhead acetates
6 short grey bonds
3 silver, one-hole atoms
1 purple, 4 hole atom
1 blue, 5 hole atom
1 yellow, 6 hole atom

After they complete the table, we discuss the results, I show them a model of each shape and we
record the actual names of the VSEPR shapes and bond angles in their data table.
This is similar to the version with the Styrofoam balls as they must figure out how to get the attached
atoms as far apart as possible. I find the added guidance of having a limited number of positions help
them find the correct bond angles.
Tips:
Remind them that they can use any of the three central atoms for any given general formula.
Explain the wedge and dash notation before they start.

A
Investigation – Three Dimensional Shapes
Lewis structures only account for the bonding in a molecule, not the 3-D shape. The Valence Shell
Electron Pair Repulsion theory (VSEPR theory) is based on the idea that valance shell electrons,
being negatively charged, will orient themselves as far apart as possible so that the repulsion between
them will be at a minimum. In this activity you will determine the shape and bond angles of a variety
of molecules by constructing them using the principle of VSEPR theory.
VSEPR Notation:

A = central atom

X = bonding pair

E = lone pair

Your VSEPR theory kit should contain the following pieces:
(Please let the teacher know if you are missing any components.)
• 1 purple with 4 holes
• 1 blue with 5 holes
• 1 yellow with 6 holes

central atoms (A)

• 3 silver with 1 hole
• 6 short bonds
• a protractor

Notes: 1) The colour of the central atom (A) has no significance for the purposes of this activity.
2) Lone pairs (E) will be represented by silver atoms.
3) We will not bother attaching bond pair atoms (X) to the central atom. It is assumed that
there is an atom attached at the end of each bond (unless there is a silver lone pair atom
attached.)

Procedure
1. a) Select two bonds and an appropriate central atom so as to arrange the two bonds as far apart as
possible. Complete columns 3 & 4 in the table in the course pack.
b) What is the angle between the bonds?
c) Draw the resulting molecule in column 5. Include the bond angles on your diagram.
d) Give your molecular shape a name and record it in column 6.
2. Repeat step one for a central atom with three bonds.
3. a) Arrange two bonds and one lone pair around an appropriate central atom so they are all as far
apart as possible. Complete columns 3 & 4 in the table in the course pack.
b) Do you think that there is more repulsion between bonding pairs or between a bonding pair and a
lone pair? Explain your answer.
c) How do you think that this will affect the bond angles in the molecule that you have drawn? What is
the approximate angle between the bonds?
d) Draw the resulting molecule in column 5. Include the bond angles on your diagram.
e) Give your molecular shape a name and record it in column 6.
4. Continue making molecules based on the general formulae provided in the table in the course pack.
Record your results. Remember to use the wedge and dash notation to denote 3-D shapes, where
appropriate.

Continued →

A polar bond is characterized by a separation of electric charge denoted by δ+ and δ- indicating the
partial charges. The dipole moment of a molecule is a quantitative measurement of the degree of
charge separation in the molecule. A dipole moment occurs when a molecule is asymmetrical. The
bond dipole arrow shows the dipole pointing from the slightly positive end to the slightly negative end
of the molecule.
Example: carbon monoxide

δ+

ΔEN = 0.89

δ-

Net dipole:

:C≡O:
Example: water
ΔEN = 1.24

:C≡O:
δ-

O
H

H

δ+

δ+

Net dipole:

O

H

H

Example: carbon dioxide
ΔEN = 0.89

δ••

δ+

δ••

O=C=O
••
••

Net dipole: no net dipole, they cancel due to symmetry
••

••

O=C=O
••
••

5. Which shapes in your chart will have a net dipole? Complete column 7 by indicating whether the
molecules will be polar (have a net dipole) or non-polar (no net dipole).

Once everyone has completed the activity we will discuss your results and record the actual names for
the three-dimensional structures.

A

Investigation – Three Dimensional Shapes

Lewis structures only account for the bonding in a molecule, not the 3-D shape. The Valence Shell
Electron Pair Repulsion theory (VSEPR theory) is based on the idea that valance shell electrons,
being negatively charged, will orient themselves as far apart as possible so that the repulsion between
them will be at a minimum. In this activity you will determine the shape and bond angles of a variety
of molecules by constructing them using the principle of VSEPR theory.
VSEPR Notation:
A = central atom
X = bonding pair
3-D Notation:
= in the plane of the page
= going into the page
General
formula

Total

Electron Pairs
Bonding
Lone

Molecular Geometry with bond angles

E = lone pair
= coming out of the page
Name of Shape

Name your shape:

AX2

2

Actual name:

Name your shape:

AX3

3

Actual name:

Name your shape:

AX2E

3

Actual name:

Name your shape:

AX4

4

Actual name:

Name your shape:

AX3E

4

Actual name:

Name your shape:

AX2E2

4

Actual name:

Polarity of the
Molecule

General
formula

Total

Electron Pairs
Bonding
Lone

Molecular Geometry with bond angles

Name of Shape

Polarity of the
Molecule

Name your shape:

AX5

5

Actual name:

Name your shape:

AX4E

5

Actual name:

Name your shape:

AX3E 2

5

Actual name:

Name your shape:

AX2E3

5

Actual name:

Name your shape:

AX6

6

Actual name:

Name your shape:

AX5E

6

Actual name:

Name your shape:

AX4E2

6

Actual name:

Note: A molecule is non-polar if the atoms around the central atom are ______________________
and __________________________ arranged.

Building Molecular Models to Illustrate Reactions – Teacher Notes
I use this activity to introduce and teach the reactions of hydrocarbons. Each group needs an
instruction card and a molecular model kit.
The students work with the models kits to identify the main reactions of alkanes, alkenes and alkynes.
They also discover why we need to know about Markovikov’s rule.

Investigation – Building Molecular Models to Illustrate Reactions
In this activity, you will build molecular models of organic compounds and use them to illustrate a
variety of chemical reactions. This should help you to see the differences in molecular structure
between reactants and products, and allow you to predict the products of the reactions.
Materials
molecular model kit

paper

pen or pencil

Read the instructions carefully and follow all of the directions.
Part 1: Substitution Reactions
a) Copy Table 1 headings into your notes; do not draw the horizontal lines of the table until after you
have completed each reaction. Include a structural or skeletal diagram for the organic reactant.
b) Make models of both of the reactants. Break one bond in each reactant and reassemble the atoms
to create the reaction products.
(Note: C–C single bonds cannot be broken; neither can the bonds of a benzene ring.)
c) Fill in the product column with the chemical names and structures as you complete the molecular
models for each reaction. (Note: Reaction conditions may include catalysts; these do not appear as
part of the reactants or the products.)
d) Compare the models of the reactants and products, and examine how the structure changes as a
result of the reaction. Disassemble the models and repeat the process for the next reaction. Continue
for all the reactions listed.
e) Sub-class: For each of these substitution reactions, further classify them as:
• halogenation
• nitration
• alkylation
Table 1 – Substitution Reactions to be Modelled
Rxn
#

Organic
Reactant

Inorganic
Reactant

1

ethane

1 Br2

2

propane

1 F2

3

benzene

1 Cl2

4
5

benzene
benzene

2 Cl2
1 HNO3
(see hint below)

6

benzene

1 CH3CH2Cl

Rxn
Conditions

Product(s)
There may be 1 or more organic products.
There will be one type of inorganic product.

UV light

→
→
UV light

→
UV light

→
H2SO4

→

AlCl3

→

(Hint: the inorganic product is not H2)
(Hint: one product is an acid.)

Reminder: In oxyacids the hydrogen atom does not attach to the central atom.

Sub-class

Part 2: Addition Reactions
a) Copy Table 2 into your notes; include a structural or skeletal diagram for the organic reactant. Fill
in the product column with the chemical names and structures as you complete the molecular models
for each reaction. (Note: Reaction conditions may include catalysts; these do not appear as part of
the reactants or the products.)
Remember to make models of both of the reactants. Break one bond in each reactant and
reassemble the atoms to create the reaction products.
(Note: C–C single bonds cannot be broken; neither can the bonds of a benzene ring.)
b) Compare the models of the reactants and products, and examine how the structure changes as a
result of the reaction. Disassemble the models and repeat the process for the next reaction. Continue
for all the reactions listed.
c) Sub-class: For each of these substitution reactions, further classify them as:
• halogenation
• hydrogenation
• hydrohalogenation

• hydration

Table 2 – Addition Reactions to be Modelled
Rxn
#

Organic
Reactant

Inorganic
Reactant

Rxn
Conditions

1

ethene

1 Br2

→

2

propene

1 F2

→

3

2-butene

1 Cl2

→

4

propene

1 HCl

→

5

ethene

1 H2

6

propene

1 H2O

Product(s)
There may be 1 or more organic products.
(There will not be any inorganic products.)

Sub-class

Heat, pressure,
catalyst

→
H2SO4

→

(Hint: It creates a non-alkyl branch)

d) Would an alkyne be more likely to undergo an addition reaction or a substitution reaction?
e) Write a definition for addition reactions and substitution reactions. Identify their sub-class reactions.
f) In reactions 4 & 6 there is more than one possible product. By referring to the structures of the
reactants and products for these reactions, deduce what you think the phrase “the rich get richer” may
imply.
g) Record Markovnikov’s rule in your notes. Under what circumstances is this rule important? Give
an example as part of your explanation.

Exploring a Galvanic Cell – Teacher Notes
Students learn how to identify the reaction and label the components of a galvanic cell. I use this to
teach them about galvanic cells instead of just labeling a diagram and completing a chart of the
different features of the anode and cathode compartments.
They need to have prior knowledge of redox tables and predicting reaction spontaneity.

Exploring a Galvanic Cell
1) Use the redox table to predict whether the following reactions will occur spontaneously.
(Note: Net ionic equations are shown, in which the spectator ions, SO42-(aq) have been omitted.)
Zn2+(aq) + Cu(s) →

Zn(s) + Cu2+(aq) →

2) An electrode is a solid electrical conductor. A cathode is the electrode where reduction occurs; and
the anode is the electrode where oxidation occurs
a) Identify the metal that is being oxidized; this metal will form the anode. _________
b) The other metal, ________, (where the ________ ion is being reduced) is what will form the
cathode.
3) A galvanic cell is an arrangement of two half-cells that can produce electricity spontaneously. A
half-cell consists of one electrode and one electrolyte. i.e.) Cu(s) + CuSO4(aq)
An unglazed porcelain (porous) cup containing one electrolyte sits in a beaker of a second electrolyte.
Wires connect the two electrodes through a voltmeter.
a) On the Type 1 diagram, label the left-hand electrode as the anode, and write the name of the metal
in the circle. Label the right-hand electrode as the cathode, and write the name of the metal in the
circle.
b) Write the half-reactions below each compartment. Use the half-reactions to indicate the direction of
electron flow in the wire through the voltmeter.
metal
c) Write the specific reactions on the diagram, omitting the electrons. i.e.) ion
(There are two sulphate ions shown on the diagram since a solution always exists as a pair of cations
and anions.)
d) What happens to the mass of the anode? ________________________________________
What happens to the mass of the cathode? _________________________________________
e) The galvanic cell can be represented using the following abbreviated (“shorthand”) notation, called
a cell notation:
anode metal | cation || cation | cathode metal
In this notation, a single line (|) indicates a phase boundary such as the interface of an electrode and
an electrolyte in a half-cell. A double line (||) represents a physical boundary such as a porous
boundary between half-cells.
Write the cell notation for the copper-zinc cell: ___________________________________
4) Put three more cations of the corresponding electrolyte in the porous cup, and three cations of the
corresponding electrolyte in the beaker. Put three sulphate ions in each of the cup and the beaker.
(There should now be 4 CuSO4(aq) and 4 ZnSO4(aq) in each compartment. Since they are aqueous,
they exist as separate ions.)
5) Show two additional ions being produced at the anode, and two of the original cations (from step 4)
being consumed at the cathode.

6) a) How many cations are now in the beaker? _______ How many anions? _______
b) How many cations are now in the porous cup? _______ How many anions? _______
c) Circle any pairs of ions in the beaker and in the porous cup. These ions cancel each other out in
terms of charge since both ions have a charge of 2. i.e.) CuSO4(aq) is neutral
d) The half-cells must remain electrical neutral (equal charge balance amongst the ions). The porous
cup permits the redistribution of charge that is needed to maintain electrical neutrality in the electrolyte
solutions of the half-cells. This is ensured by the migration of _______________ toward the cathode
compartment, and migration of _____________ to the anode compartment.
e) Show the direction of ion migration on your diagram.
7) a) Use the redox table to identify the standard reduction potential, Er°, for each half-reaction.
The standard reduction potential represents the ability of a standard half-cell to attract electrons in a
reduction half-reaction.
Zn2+(aq) + 2e- → Zn(s)

Er° = _______

Cu2+(aq) + 2e- → Cu(s)

Er° = _______

b) The standard cell potential, ΔE°, is the maximum electric potential difference (voltage) of the cell
operating under standard conditions; ΔE° represents the energy difference (per unit of charge)
between the cathode and the anode. The nought sign (°) indicates that standard 1.0 mol/L and SATP
conditions apply.
Actual Half-Reactions: @ the anode: _______ → 2e- + _______
Er° = _______
(remember to flip the sign when you flip the eqn)
@ the cathode: _______ + 2e-

→ ________

Er° = _______

Write the overall reaction and determine the ΔE° for the cell by adding the two half-reactions and their
standard reduction potentials together.
___________________________________________________________________
c) Write the ΔE° cell (voltage) on the diagram, on the voltmeter.
d) An alternate method to determine the ΔE° for the cell is to use the following equation:
ΔE° = Er°(cathode) – Er°(anode)

Note: In this method do not flip any signs, just plug
in the numbers directly from the redox table.
Note: All spontaneous redox reactions will have a
positive value for their ΔE° cell.

8. Complete the diagram and the questions for the Type 2 galvanic cell diagram.

Galvanic Cell – Type 1 – Porous Cup

beaker
porous cup

SO42-(aq)

2e-

Zn

enlargement

Cu2+

2e-

enlargement

Zn2+

Cu

SO42-(aq)

Anode half-reaction: ___________________________
(in the beaker)

Cathode half-reaction: __________________________
(in the porous cup)

Galvanic Cell – Type 2 – Salt Bridge
In this galvanic cell, the half-reactions are separated by a salt-bridge rather than a porous cup. The salt bridge is filled with an inert salt
solution, i.e.) NaSO4(aq) The salt bridge permits the redistribution of charge (by ion migration) that is needed to maintain electrical neutrality
in the electrolyte solutions of the half-cells.
1) A galvanic cell consisting of Ni(s), 1.0 mol/L Ni(NO3)2(aq), Ag(s) and 1.0 mol/L AgNO3(aq) is constructed.
a) Label the anode, the cathode, the direction of electron flow, the half-reactions occurring at each electrode (write the reactions under the
beakers), and the direction ion movement.
b) Calculate the cell potential (voltage).
c) Write the shorthand cell notation.

E°cell = ________ V

2) What is an inert electrode?

3) a) In this cell, which
electrode could be replaced
with an inert electrode?

b) How would this effect the
galvanic cell?

Word Problem Literacy – Teacher Notes
In this activity the students create annotated solutions to identify what information the different
components of the question provide. I use this in the thermochemistry unit, but it works well for any
problem solving/word problem units.
I select a variety of questions from their textbook for each of the different groups to work on. They then
share their answers with the other groups.
I ask them to write statements, draw diagrams and provide a full explanation of how they solved the
question and what the different parts of the sentences in the question indicated.
Attached: A sample annotated solution using question #2 from the 2010 AP Chemistry Exam Free
Response section is provided on the next page. I had originally given this question as a quiz, but
found they misinterpreted the information in many sections. I re-worked it so they had to think about
what each part meant.
I find many of them just want to find the numbers and then plug them into an equation unless you
make them think about what they are doing.

Source: 2010 AP Chemistry Exam

What is the scale on the graph?
(i.e. How much is each line worth?)

What is the initial temperature? _______
What is the final temperature?

_______

Did the temperature go up or down? What does this mean?

(Does your answer to this question agree with your response to the prior question?)

This is the initial temperature given on the graph.

Write this symbolically: _________

Does it matter how long they waited? (Do you need to know the time to answer the question?)
Could you explain why they waited if you had been asked to explain that part of their procedure?

What did the student put in the cup?

Is this similar to an experiment that we performed? Can you
picture what they are doing in the lab as they do the steps
described in the question?

This means that we assume that the Styrofoam and the air in the cup are not involved in any energy exchange.

Write this symbolically: ________
What substance(s) does it apply to?

Describe what is going on inside the cup, after
adding the solid urea.

Solvent molecules

Solute particles

The symbol for heat is the letter: _____

(d) Write a q = -q set-up to show how you would solve for ΔH°soln with one step.

(e) What does the “°” symbol indicate in ΔH°soln?

You be the Teacher – Teacher Notes
This is the activity I do when my students have to learn acid-base equilibria ICE tables. I divide the
class into 8 groups (2 per question, they do it separately, then compare before presenting their
solution to the class). I put each of the questions on overheads, assign a question to each group and
instruct them to develop a full solution, including where they think that the marks would be allocated
for a similar question on a unit test.
I assign the type 4 question to strong groups as there is more to figure out.
The students all have the prior skills to complete pH/pOH problems and equilibria ICE tables.

Type 1 – Calculating ka from pH
Formic acid is a monoprotic acid which causes the pain in insect stings. In a 0.100 M solution of
formic acid, the pH is 2.38 at 25°C. Calculate the ka for formic acid at this temperature.
HCHO2(aq) + H2O(l)

'

H+(aq)

+

CHO2-(aq)

Type 2a – Calculating [H+] and pH given the ka for a weak acid
The concentration of a sample of vinegar was found to be 0.75 M acetic acid. Calculate the value of
the hydrogen ion concentration and the pH of this sample. ka = 1.8 x 10-5
HC2H3O2(aq) + H2O(l)

'

H+(aq) +

C2H3O2–(aq)

Type 2b – Percent Ionization
It is often useful to specify the amount of weak acid that has dissociated in achieving equilibrium in an
aqueous solution. The percent ionization is defined as follows:

Percent ionization =

amount ionized (mol/L) × 100
initial concentration (mol/L)

Example
a) Calculate the percent ionization of propionic acid, HC3H5O2(aq), if a 0.050 mol/L solution has a pH of
2.78.
b) Draw a diagram to represent the solution of propionic acid.

Type 3 – Calculating Kb from pH
Methylamine has a pungent odour. In 0.100 M CH3NH2, the pH is 11.80. What is the Kb of
methylamine?
CH3NH2 + H2O(l) ' CH3NH3+(aq) + OH-(aq)

Type 4 – Calculating [OH-], pOH and pH given the kb for a weak base
Calculate the values of OH-, pOH and pH in a 0.20 M solution of ammonia. Kb = 1.8 x 10-5
NH3(aq) +

H2O(l) '

NH4+(aq) + OH-(aq)

Set it Up – Review – Teachers Notes
I use these questions as a review at the end of the semester in grade 12. The students have to set up
the questions and explain how they would solve them. For these questions there is not a final answer
as the given information is not numerical.
I find this style of question helpful in that they have to think about what they would do rather than just
doing something by following a pattern and not thinking about what they actually did (or why) in the
solution.

Review – Set it Up
For each of the following questions set up a full solution explaining how and why the required steps
are taken.
1) Given:

2 A(s) + 4 B(aq) → C(aq) + 3 D(g)
mass
[ ] and V
Vactual at STP

Find: The percent yield of D in terms of volume.
2) Given:

A(aq) + 2 B(aq) ' 3 C(aq)
[ ]eq
[ ]eq
[ ]eq

Find: Keq and K`eq
3) Given:

A(aq) + 2 B(aq) ' 3 C(aq)
[ ]
[ ]
[ ]

Keq = x

Find: a) The direction in which the reaction will proceed to reach equilibrium.
b) The equilibrium concentrations.
4) Given:

A(s) ' B+(aq) + 2 C-(aq)
mass [ ]eq
[ ]eq

Find: The Ksp
5) Given:

A(s) ' B+(aq) + 2 C-(aq)
[ ]
[ ]= 0

Ksp = x

Find: The equilibrium concentrations for B+ and C6) Given:

WBase + H2O ' B+(aq) + OH-(aq) Kb = x
[ ]

Find: a) The initial pH.
b) The equilibrium concentrations for all species and the pH at equilibrium.
7) Given:

4 A + 8 O2(g) → 3 B + 2 D
∆H°f
∆H°f ∆H°f

Find: The heat of combustion.
8) Given:

A2+ + B(s) → A(s) + B2+

Find: The E°cell and state whether the reaction is spontaneous or non-spontaneous.

