Module 2 Introduction to Chemistry

Unit 1 Safety and Science
Learning Objectives
•
•
•

Learning Materials
•
•

To understand the importance of safety in science
To know some basic lab safety rules
To be introduced to WHMIS and understand the
basic symbols

Reading
Exercises
o Answer key

Safety First!
At ABE, many classes have to share the same lab space. Even though your class might not be using
anything dangerous there could be residues and chemicals left over from another class. Therefore,
these safety guidelines are for all students!
1. Read and study the procedure from start to finish before beginning any experiment. If you have
any questions, ask about them. Make sure you understand any safety symbols on materials you
will be using, and the hazards they represent.
2. Always wear safety goggles throughout a lab that requires chemicals. Keep the goggles on for
as long as there are any chemicals being used by anyone in the lab. Wear other safety equipment,
such as aprons, gloves, lab coats, as required.
3. Never eat or drink anything in the lab, there could be chemical residues on the surfaces. Do not
chew gum during labs.
4. Never inhale chemicals. Use the “wafting” technique if you need to smell a chemical. Do not
taste any substances or draw any material into a tube with your mouth.
5. If you are taking chemicals from one container and putting them into smaller containers, make sure
you label all the containers.
6. When pouring liquids hold the containers away from your face. Put test tubes in a test tube
rack before pouring liquids into them.
7. Report all chemical spills to the instructor. Do not attempt to clean these up yourself! Wipe up and
splashes or spills of water immediately.
8. Take caution with hotplates – you can’t tell by looking if they are hot, but they can remain hot for
up to one hour after being turned off. To see is one is still hot, don’t touch it! Instead, carefully put
a drop of water on its surface. If the water bubbles or boils, the hot plate is too hot to touch!
9. Tie back long hair and loose clothing
10. When diluting acid, always add small amounts of acid to large amounts of water.
11. Know the location and proper use of the fire extinguisher, safety shower, fire blanket, first aid
kit, and fire alarm.
12. If your clothing catches on fire, smother it with the fire blanket or a coat.
“Stop, Drop and Roll” NEVER RUN
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Workplace Hazardous Materials Information System (WHMIS)
WHMIS is an international system for labelling materials which may be hazardous. You will even
find these labels on household products.
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Other Labels
Not all products are controlled by the WHMIS legislation, and so they may not have WHMIS
labels or use the exact same symbols as WHMIS. You’ll see these other symbols on products
you commonly find around the house and garden, including cosmetics (like hairsprays),
pesticides, and some consumer and household products (like oven cleaners).
These products use the International Hazard Symbols you see below.
• The following warning symbols used on labels are not controlled by WHMIS legislation:

Poison

Flammable

Explosive

Corrosive

The border that surrounds each symbol signifies the danger level of the hazard.
• An octagon (same shape as a stop sign) indicates “ DANGER“ and represents
the most dangerous hazard.

• A four-sided diamond, indicates “WARNING“ and represents a moderate or
medium hazard level. A warning diamond does not pose as extreme a risk as
the danger octagon.

• The upside-down triangle indicates “CAUTION” and represents the slightest
or least hazard of the three borders. This does not make it hazardless! Use
these products with caution.

From
http://www2.worksafebc.com/pdfs/YoungWorker/studentworksafe/gr8/Module3WHMISGr8St
udentHandouts.pdf

Malaspina ABE Science Module 2.1: Safety

First Edition: October, 2006

Page 3 of 5

Exercise 1
Match the appropriate symbol, by letter, to the description on the left.

Malaspina ABE Science Module 2.1: Safety

First Edition: October, 2006

Page 4 of 5

Exercise 2
Match the letter of the appropriate symbol on the right to the description on the left.
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Module 2 Introduction to Chemistry

Unit 2 What’s the Matter?
Learning Objectives
•
•

Learning Materials
•
•

To understand the nature of matter
To know the difference between physical and
chemical properties

Reading
Exercises
o Answer key

Chemistry is the study of matter. Matter is what all things are made of. Matter has two main
properties:
1. it takes up space
2. it has mass (or weight)
Any object you can think of is made of matter, from your pencil to a planet. What isn’t matter?
Any form of Energy, such as heat, is not matter. This is a practical difference and serves as a
starting point, however, Einstein showed us that energy and matter are not so different.
And now, a word from Albert Einstein…
Until 100 years ago, everyone believed that matter and energy were two different things, and one of
science’s most important laws was that matter could not be created or destroyed. Then came Einstein, who
proved that matter and energy are the same thing and that it is possible to convert matter to energy and
vice versa. He showed that the amount of energy (E) you can create equals the mass (m) of the matter
times the speed of light (c), squared, or E = mc2. Since the speed of light is an enormous number, a very
small amount of matter can create a very large amount of energy. This was demonstrated for the first
time in 1945 with the explosion of the first atomic bombs, which work by converting matter into energy.
This is how the sun and all stars work. They are just large nuclear reactors, converting matter into energy.

Before looking at what matter made of, let’s look at the properties of matter. Matter has two
basic types of properties: Physical and Chemical.
1) Physical Properties
Physical properties can be seen, felt, smelled, heard, tasted or touched.
a) Mass - A measurement of the amount of matter in a object (grams).
b) Volume - A measurement of the amount of space a substance occupies.
c) Odor - smell
d) Conductivity - The ability of a substance to allow the flow of electricity or heat.
e) Hardness - How easily a substance can be scratched.
f) Density - The mass of a substance divided by its volume
g) State
i) Solid – has a unique shape which it holds on its own, the particles of this substance
are held rigidly together.
ii) Liquid – takes the shape of its container, particles are loosely held together.
iii) Gas - often invisible, particles of this substance are not attached to each other
Malaspina ABE Science Module 2.2: Matter

First Edition: October, 2006

Page 1 of 3

Converting from one state to another gives two more important physical properties:
h) Melting/Freezing Point – temperature at which a solid changes to a liquid (melts) or a
liquid to a solid (freezes).
i) Boiling/Condensation Point - temperature at which a liquid changes to a gas.

2) Chemical Properties
Chemical properties are a bit more confusing to the non-chemist, but a few examples are:
a) Ignition temperature – the temperature needed to burn the substance.
b) pH – whether the substance is an acid or a base
c) Reactivity – how it reacts with other substances
Here are some examples of physical properties of matter.

Physical Properties of Chlorine, Water, Sugar and Acetic Acid
Substance

Color

Odor

Taste
bitter

Physical
State
gas

Boiling
Point oC
-34.6

Freezing
Point oC
-101.6

yellow-green

tasteless

liquid

100.0

0.0

Water

colorless

sharp
suffocating
odorless

Sugar

white

odorless

sweet

solid

decomposes
170-186

----

colorless

like vinegar

sour

liquid

118.0

16.7

Chlorine

Acetic Acid

Some changes in matter are reversible and some are not. For example, water can be melted
and frozen over and over and you still have water. On the other hand, if you cook an egg you
can never return the egg to its pre-cooked state. Freezing and melting are physical changes
which can be reversed, while chemical changes, such as cooking an egg, are not reversible.
Some examples of the two types of changes are given in the table below.
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Examples of Physical and Chemical Changes
Example
Rusting of Iron
Boiling of Water
Melting of Lead
Gasoline Combustion

Type of
Change
chemical
physical
physical
chemical

Cutting a Diamond
Sawing of Wood

physical
physical

Burning of Wood

chemical

Accompanying Physical Change
shiny, bright metal changes to reddish brown rust
liquid changes to vapor
solid changes to liquid
liquid gasoline burns to gaseous carbon
monoxide, carbon dioxide and water
smaller diamonds are made from a larger diamond
smaller pieces of wood plus sawdust are made
from a larger piece of wood
wood burns to ashes and gaseous carbon dioxide
and water

QUESTIONS
Match each property of matter to its definition
Mass
Volume
Odor
Conductivity
Hardness

A)
B)
C)
D)
E)

Density
Solid
Liquid
Gas
Melting/Freezing Point
Boiling/Condensation Point

F)
G)
H)
I)
J)
K)

Ignition temperature
pH

L)
M)

Reactivity

N)

Takes the shape of its container, particles are loosely held together.
The ability of a substance to allow the flow of electricity or heat.
The temperature needed to burn the substance.
How it reacts with other substances
Has a unique shape which it holds on its own, the particles of this
substance are held rigidly together.
A measurement of the amount of space a substance occupies.
A measurement of the amount of matter in a object (grams).
Smell
How easily a substance can be scratched.
The mass of a substance divided by its volume
Temperature at which a solid changes to a liquid (melts) or a liquid to
a solid (freezes).
Whether the substance is an acid or a base
Often invisible, particles of this substance are not attached to each
other
Temperature at which a liquid changes to a gas.

Malaspina ABE Science Module 2.2: Matter

First Edition: October, 2006

Page 3 of 3

Module 2 Introduction to Chemistry

Unit 3 Atomic Structure
We’re all the same inside
Learning Objectives
•
•

Understand the basic structure of an atom
Understand what electron shells are

Learning Materials
•
•

Reading
Exercises
o Answer key

Story Time
Why A Story?
Science tries to understand nature by constructing theories to explain observations. For
instance, imagine an explosion in the air. With many witnesses there would be no doubt that
an explosion took place in the air. Many people’s first response would be, “What was that?” A
scientific theory tries to be the answer to that question.
But scientific theory is always being tested, improved, and sometimes completely re-written.
One could argue that any one theory is not absolute truth, but as close to the truth as one can
get at the moment. This is different from opinion or faith. We may feel that an opinion or faith
is as close to the truth as we can get, but such beliefs are largely un-testable and unwilling to
be re-worked, and thus are outside the field of science.
A scientific theory is like a story that explains the world around us. As you begin your scientific
education, you will be told many stories. We have a story for you right now and it is the story
of the atom. It is arguably one of the greatest stories humans have ever made.
The Story:
One challenge of science education is how to avoid immediately crushing the new, budding
science student with the full weight of centuries of scientific knowledge. One way to do this is
to start out with a simpler version of the whole story. We will go back about 100 years and use
the German physicist Niels Bohr’s model of the atom as a simple way to understand what an
atom is. It is not completely accurate, but its faults will not prevent you from gaining a basic
understanding about the building blocks of nature.
Since the times of the ancient Greeks, many great thinkers have theorized that the natural
world is made out of tiny particles – long before there was really any scientific “evidence” that
this was the case. The idea is that you could take an item like a piece of iron and cut it down
to smaller and smaller pieces of iron until you couldn’t cut it any smaller. And this little piece of
iron that couldn’t be cut anymore was the building block of the larger piece of iron. The Greeks
called this an atom. In Greek it means “that which can not be cut”.

Malaspina ABE Science Module 2.3 Atoms

First Edition: October, 2006

Page 1 of 4

Iron is an element. This pretty much means that you can cut it down as small as you can go
and it will just be smaller bits of iron. Another such element is carbon. Elements can be
combined to form compounds. If we combine iron and carbon we get the compound called
steel. Now, if we cut down a piece of steel to the smallest possible piece that would still be
called steel, we would call that piece a molecule. We can cut the molecule but then it is no
longer steel but rather a piece of iron and a piece of carbon.
Most things around you are made up of molecules. You could probably easily name a hundred
different things that are made of molecules by simply naming what is around you at this
moment. Elements are not so numerous. There are so few elements, in fact, that people have
carefully kept track of the ones that have been discovered. So few, that they conveniently fit
on one small table called the Periodic Table of Elements, found in every science classroom
and every basic chemistry book around the world.

Bohr model of an atom and the Periodic table.
The Bohr model of a Helium atom would look like this:

Electron

Proton
Neutron

Parts of an Atom
Center circle is called the nucleus.
The outer circle is called an electron shell. Atoms can have more than one electron shell and
in the Bohr model they would be nested like the orbits of the planets around the sun.
Proton – located in the nucleus, more than 1000 times heavier than an electron, carries a
positive electric charge.
Neutron – located in the nucleus, a little heavier than the proton, carries no charge.
Electron – orbits around the nucleus in shells, carries a negative electric charge. It is so small
that it weighs only about 9 x 10-34 grams!
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How many electrons can a shell hold?
There are basically 6 shells. The first shell can hold 2 electrons at the most. The next shells,
in order, can hold 8, 18, 32, 50, and 72. The formula 2n2 will tell you how many electrons are
in a shell with n being the shell number.
Why are there two electrons in the Helium atom?
There are two electrons because there are two protons. This is called the neutral state. It is
neutral because the positive charge on the two protons exactly equals the negative charge on
the two electrons, thus they cancel each other and the atom has no overall charge. Atoms can
have a charge but we will get into this later. For now, every element on the periodic table will
be considered to be in its neutral state.
Glossary
Niels Bohr – Physicist who studied atomic structure and radiations.
Atom – A unit of matter, the smallest unit of an element, having all the characteristics of that
element and consisting of a dense, central, positively charged nucleus surrounded by a system
of electrons.
Element – A substance composed of atoms having an identical number of protons in each
nucleus. Elements cannot be reduced to simpler substances by normal chemical means.
Molecule – Composed of two or more kinds of elements.
Periodic Table of Elements – An arrangement of the elements according to their atomic
numbers so that elements with similar properties are in the same column.
Nucleus – The positively charged central region of an atom, composed of protons and
neutrons and containing almost all of the mass of the atom
Proton – located in the nucleus, more than 1000 times heavier than an electron, carries a
positive electric charge.
Neutron – located in the nucleus, a little heavier than the proton, carries no charge.
Electron – orbits around the nucleus in shells, carries a negative electric charge.
Neutral State – Relating to a particle, an object, or a system that has an equal number of
positive and negative electric charges.
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Questions
1. Where can one find a list of all the elements known to exist?
2. How many elements are known to exist? (you may have to look it up on the internet)
3. What is an element?
4. What is a compound?
5. When was Niels Bohr alive?
6. In atoms, protons are found in the ________ along with _________.
7. If an atom of Potassium is in its neutral state and has 19 electrons, how many protons
does it contain? If its net overall charge is negative, which number is greater, electrons
or protons?
8. Using the formula 2n2, what is the maximum number of electrons possible in the third
electron shell? If there were a seventh electron shell, what is the maximum number of
electrons it would hold?
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Module 2 Introduction to Chemistry

Unit 4 Periodic Table
Learning Objectives:
•
•
•
•

Read the periodic table
Identify the number of protons, neutrons and electrons an atom has
Find an atomic weight (or atomic mass)
Understand what groups and periods are

Learning Materials
•
•

Reading
Exercises
o Answer key

Periodic tables on the Internet:
http://periodic.lanl.gov/default.htm or http://www.chemicool.com/

How do you know how many protons an atom has?
Enter the Periodic Table. This is a square from the periodic table for the element Krypton.
Remember only elements are on the table. The name, Krypton, is given although this is not
always the case for every table. The atomic symbol, Kr, is always given. The atomic number
for this element is in the top left corner. This tells you how many protons are in the nucleus for
that element and it is a very useful number. For starters, right away we know that Krypton will
have 36 electrons if it has 36 protons. The atomic number is often indicated with a Z. For
Krypton, for example, Z=36.

What is atomic weight?
The other number shown is atomic weight; it should properly be called atomic mass. This is
the overall mass of the nucleus. We do not mean that an atom has been placed on a scale
and weighed, this would be impractical. All atoms are actually compared to the mass of
Carbon-12. Atomic mass has no units as it is a ratio of two masses. Hydrogen is defined as
the lightest element, as it only has one proton in the nucleus and zero neutrons, and as such it
has a mass 1/12 of Carbon-12. If you locate Hydrogen on the periodic table (upper left corner)
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you will notice a mass of 1.008, not 1.0. Most masses will not be whole numbers. This will be
explained under “what is an isotope?”.
The atomic number is usually at the top of the element’s square and mass, or weight, is
at the bottom. The atomic number is always the smaller of the two.
So how many neutrons does Krypton have?
Simply round up the mass to the nearest whole number and subtract the atomic number. In
effect, (total mass) – (number of protons) = (number of neutrons)
So Krypton has 84 – 36 = 48 neutrons.
What is an isotope?
All atoms of the same element have equal number of protons but different numbers of
neutrons. These atoms with different numbers of neutrons are called isotopes. The atomic
mass is not a whole number because it is the average weight of all the different naturally
occurring isotopes. Isotopes can slightly different properties or behaviors from each other.

More about the Periodic Table.
The first table ever invented, very close to the modern one, was put
together by a Russian chemist, Mendeleev. In 1869 he published
"The Relation between the Properties and Atomic Weights of the
Elements”.
He was considered a great teacher and a scientist who cared about
the Russian people as this quote from one of his lectures shows:
“There exists everywhere a medium in things, determined by
equilibrium. The Russian proverb says, 'Too much salt or too little
salt is alike an evil.' It is the same in political and social relations... http://www.bbc.co.uk/schools/
gcsebitesize/img/gcsechem_61.jpg
It is the function of science to discover the existence of a general
reign of order in nature and to find the causes governing this order. And this refers in equal
measure to the relations of man - social and political - and to the entire universe as a whole.”
Before the 1869 paper, many elements had been discovered and their properties. But how to
keep track of all this information? One could simply order them alphabetically, but this tells us
nothing about the elements other than the order of the first letter of their name – and this only
works for one language!

Reading the Periodic Table – Groups and Periods (see page 1 of Unit 2.5)
Mendeleev decided to order the elements according to their atomic weight – we now use the
atomic number or number of protons. That is why the atomic number is at the top of each
elemental square on the table. If you look at the table from left to right you will notice the
atomic number going up by ones. Notice also that there are eight columns that are the tallest,
Malaspina ABE Science Module 2.4: Periodic Table

First Edition: October, 2006

Page 2 of 5

two on the left side of the table and 6 on the right. These columns are the basic 8 groups.
They are numbered with Roman numerals, from 1-8, at the top of each column. The rows are
called periods.
These are the basic 8 groups that Mendeleev worked with. Immediately, he noticed that every
eight elements the properties of the elements were the same. For instance, in group 1, every
element in that column has the same number of electrons in its outer shell – the important shell
for bonding. Every element in column 1, although having a different total number of electrons,
has only one electron in its outer shell. This is true for all the columns, or groups.
He also noticed holes in the progression of atomic weights. These were elements not
discovered yet. This fact, together with the repetition of properties every eight elements, led
Mendeleev to not only predict the existence of other elements but also their properties.
Although many scientists scoffed at him, 6 years later someone discovered Gallium with the
properties that Mendeleev predicted. Accurate predictions are a sign of a good scientific
theory.
The table is so useful and looks so simple that it is easy to miss the fact that it took Mendeleev
13 years to figure it out! There are more elements now and more columns, more man-made
elements, but the basics are still the same.

One more cool idea about the Periodic Table.
An atom of an element needs to add only one proton to completely change its identity! One
proton separates Gold from Mercury. If we could reach inside every Mercury atom and
remove one proton, suddenly we would have Gold! People, such as alchemists, have been
trying to do this for ages. Even though now we know how to split open a nucleus, we also
know some of the hazards of nuclear energy and bombs.
Glossary
Atomic Mass – The mass of an atom, usually expressed in atomic mass units.
Group – A class or collection of related objects or entities, as a column in the periodic table of
the elements.
Period – A sequence of elements arranged in order of increasing atomic number and forming
one of the horizontal rows in the periodic table.
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Questions
1. The periodic table is a list of ____________.
2. What is the atomic number of Neon?
3. What is the atomic symbol of Gold?
4. What other metals would have similar properties as gold?
5. The atomic symbol for Aluminum is Al. What group is it in?
6. Go to group 14 (also labeled group 4a or IVa) and find Lead. Lead is a very heavy
element. How many neutrons would you expect to find in the nucleus?
7. Page one of this section illustrates the periodic table square for Krypton. If we were
working with an isotope of Krypton, what would we expect to be different about its
periodic table square?
8. Carbon has 6 electrons. 2 fill the first shell leaving 4 electrons in the outer shell for
bonding with other elements. Silicon is in the same group as Carbon but one row down.
How many electrons would we expect Silicon to have in the outer shell?
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Answers
1) elements
2) z =10
3) Au
4) silver, copper, roentgenium
5) group 13 or 3a
6) 208 – 82 = 126 neutrons
7) An isotope of Krypton would have a different number of neutrons, so the atomic number
would still be z = 36 but the atomic mass would be greater or less than 83.8
8) We would expect to find 4 electrons in outer shell, like all elements in that column.
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Module 2 Introduction to Chemistry

Unit 5 Properties & Characteristics of Elements
Learning Objectives:
• Understand what an element is
• Understand the characteristics and trends among elements
Learning Materials:
• Reading
• Exercises
o Answer key

Elements
The substances listed in the periodic table are called ELEMENTS. They cannot be broken down into simpler
substances. Water, for example, is not an element, because it is made up of both hydrogen and oxygen atoms,
and can be broken down into these components.
The elements in the periodic table are divided up in several ways. The previous unit (2:4) covered the difference
between periods (rows) and groups (columns).
Elements are also divided up by their properties.
• The metals, are exactly that, metals. They conduct electricity, and most are solid (a few are liquids) at room
temperature. They are malleable, or can be bent and hammered into shapes.
• The non-metals do not conduct electricity. They are not malleable, and will shatter if hammered. They may
be solids or gasses at room temperature.
• The metaloids have both metallic and non-metallic characteristics, or example they conduct electricity
weakly.

Periods

Groups

.
Note that because 32 elements is too many to fit on one page, the two last rows have the extra elements listed
below the rest of the table.
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Periods and Groups
The Periods or rows in the periodic table each represent one electron shell. So, the elements in the first row
have electrons in the first shell only, elements in the second row have their electrons in the first two shells,
elements in the third row have electrons in the first three shells, etc.
Period (or
row)
1
2
3
4
5
6
7

Number of
electron shells
1
2
3
4
5
6
7

Number of
elements in row
2
8
8
18
18
32
32

The Groups or columns in the periodic table my be
numbered 1, 2, 3 or I, II, III, etc. The elements in
each group have the same number of electrons in
the outer or valence shell, and because of this,
share similar properties. Notice that whether an
atom is a metal, non-metal or metaloid depends
mostly on what group it is in: the metals tend to be in
the left-hand groups, non-metals on the right, and
metalloids in the middle.

Maximum number of
electrons in shell
2
8
8
18
18
32
32
Group (or
column)
1
2
3
4
5
6
7
Etc.

Example elements
H
C
S
Cu
Ag
Pb
U

hydorgen
carbon
sulpher
copper
gold
lead
uranium

Number of electrons in outtermost shell
(valence electrons)
1
2
3
4
5
6
7

Periodic Trends
There are patterns or trends among the elements. One we have already seen is the tendancy for metals to be on
the left and non-metals to be on the right. Some other important trends are:
Atomic Radius

The size of the atom

The size of the
atom.
Atomic
radius
decreases as you
move across the
groups
and
increases as you
move down the
periods.

http://images.encarta.msn.com/xrefmedia/aencmed/targets/illus/ilt/1e67a7ad.gif
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Ionization Energy
The amount of energy required to remove an electron from the valence shell of the atom.
• Ionization energy INCREASES are you move left to right across the groups. That means it becomes
more difficult to remove an electron from the atom.
• Ionization energy DECREASES are you move down the periods. That means it becomes less difficult to
remove an electron from the atom.
Electronegativity
How strongly an atom pulls on electrons when sharing them with other atoms.
• Electronegativity INCREASES are you move left to right across the groups. That means atoms on the
right of the periodic table have a stronger pull on electrons.
• Electronegativity energy DECREASES are you move down the periods. That means it atoms at the top
of the periodic table have a stronger pull on electrons.

Summary

Groups
Periods

Atomic Radius Increases
Ionization Energy and Electronegativity Decrease

Atomic Radius Decreases
Ionization Energy and Electronegativity Increase
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Questions
1. Find the following elements in the periodic table match to their category:
M = Metal N = Non-metal
O = Metatlloid
Symbol
1. B
2. Co
3. Ar
4. Ca
5. I
6. Fe
7. W
8. O
9. Si
10. Hg

Element
Boron
Cobalt
Argon
Calcium
Iodine
Iron
Tungsten
Oxygen
Silicon
Mercury

Category

2. Put the following elements in order according to the trend:
Decreasing Atomic Radius

Increasing Electronegatvity

Decreasing Ionization Energy

K, Co, Cl
Li,B, Ne
H, K, Fr
Na, B, Br
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Module 2 Introduction to Chemistry

Unit 6 Elements, Compounds & Mixtures
Learning Objectives
•

Know the difference between an element, compound and mixture

Learning Materials
•
•

Reading
Exercises
o Answer key

Molecules: Atoms can be put together (called bonding) like building blocks to create an
almost endless variety of things. For example, water consists of two hydrogen atoms
bonded with one oxygen atom (or H2O).

O

O

H

H
O

Elements: Contain only one kind of atom, which may be in
the form of molecules or single atoms. For example, oxygen is usually found as two
atoms bonded together or O2.
Compounds: Contain two or more different kinds of atoms bonded together, as in

water.
Mixtures: contain two or more compounds that are mixed, but not bonded together. For example, sugar and
water are both compounds. When sugar is dissolved in water, the sugar atoms mix in with the water atoms, but
they don’t actually bond together.

Exercise
Tick off the following as atoms, molecules, elements, compounds or mixtures (some will be more than one).

Atom

Molecule

Element

Compound

Mixture

H

H
O

Water
Salt dissolved in
water
Cl

Na
Salt
C
Carbon
Cl

Cl

Chlorine
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ANSWERS
Atom

Molecule

Element

Compound

Mixture

H

H

√

O

√

Water
Salt dissolved in
water
Cl

√

Na

√

√

Salt

√

C

√

Carbon
Cl

Cl

√

√

Chlorine
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Module 2 Introduction to Chemistry

Unit 7 Formulas and Structures
Learning Objectives
•
•

Learning Materials

Understand atomic and molecular structure
Understand Lewis, electron-dot and line structures

•
•

Reading
Exercises
o Answer key

Chemistry has a language of its own to describe atoms and molecules.
Review of Atomic Structure
The atomic structure shows an atom. Usually the atomic symbol (i.e. Na) is shown in the
nucleus, but sometimes the number of protons (+) and neutrons (N) are shown.

11 +
12 N

Na

Molecular
Formulas
Molecular formulas are the simplest way of describing a molecule. It simply lists the atoms in
the molecule by their atomic symbol, and gives how many of each atom there is.
Name
Sodium
Chloride or Salt
Water
Sugar
Oxygen

Formula
NaCl
H2O
C6H12O6
O2

Meaning
One atom of Na (sodium) combined with one atom of Cl
(Chlorine).
Two hydrogens (H) bonded to one oxygen (O).
Six carbons (C) bonded to 12 hydrogens (H) and 6 oxygens (O)
Two oxygen atoms bonded together

Molecular Structure
The molecular structure gives more details than the formula. It combines atomic structures to
show the electrons. It also shows how the atoms are combined or bonded to each other.
H

H

O
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Electron Dot or Lewis Structure
The electron dot or Lewis structure is a simplified version of the molecular structure. It shows
only the atomic symbol and the valence (outer) electrons:

H O H
The example above is the proper Lewis structure. However, this is often simplified by showing
the paired electrons (which form the bonds between the atoms) as lines:

H O H
And simplified even further by removing the extra electrons. This is called the Line Structure:

H O H
Note: you may notice in books or on the web that the line structure of water is shown like this:

H

H
O

This is because, in reality, the atoms in water have this “bent” shape! The
advantage to the line structure is that it gives you a better idea of what the
molecule really looks like!

Here is another line structure:
You may not recognise this, but if you count the
atoms, you will see this is C6H12O6 or sugar!
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Questions
1. Match the name, formula, Lewis and line structures:

H
Salt (sodium chloride)

H C H
H

CH3OH

H O H

H
Water

CH4

H C O H
H
H

H
O

Methane

NaCl

Na-Cl
Ethanol

H2O
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Module 2 Introduction to Chemistry

Unit 8 Chemical Bonds
Learning Objectives
•
•

Learning Materials
•
•

Understand atomic and molecular structure
Understand Lewis, electron-dot and line structures

Reading
Exercises
o Answer key

What are chemical bonds?

Nucleus

Atoms are like building blocks that
can be joined together in millions of

Electrons

different combinations. Two or more
atoms joined together are called a
molecule.

Chemical bonds hold

atoms together in molecules. In this
unit we will look at how chemical
bonds form and three types of
chemical bonds.

Sodium (Na) atom

Why do atoms bond together?
Recall the basic structure of an atom: The nucleus
contains the protons and neutrons. The electrons
orbit the nucleus in shells.

Each electron shell

holds up to a maximum number of electrons:

Shell (starting closest to
nucleus)
1
2
3
4
5
6
7

Maximum number of
electrons
2
8
8
18
18
32
32

In any atom, electrons fill the shells in order starting with shell 1. The outermost shell is called the
valence shell. The electrons in this shell are called valence electrons.
Atoms are most stable when the
valence shell is full.

Atoms will

attempt to gain or lose electrons to

Valence electron

have a full valence shell.
The atom to the right has 11
electrons. This means the atomic
number is 11, therefore it is
sodium (Na). It has only 1 electron
in its valence shell and would have

Ring structure of a
Sodium (Na) atom

to gain 7 more to fill it. Gaining 7
electrons is more difficult than losing one. Therefore sodium will easily lose the single electron in its
valence shell, leaving it with only two shells - but both will be full!
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Three Kinds of Chemical Bonds
The way atoms gain and lose electrons results in different kinds of chemical bonds. We will look at
three types:
I.

IONIC BONDS

In the example above, (Na) will lose an electron to leave its outer shell full. When this happens,
however, Na now has 11 protons (+) in the nucleus, but only 10 electrons (-). Thus, the atom is
positively charged by one proton. This is no longer a sodium
atom, but a sodium ion, written as Na+.
Chlorine (Cl), element number 17, is shown to the right.
Notice, there are 7 electrons in its valence shell. Chlorine easily
gains one electron to fill its outer shell, and, thus, has one more
electron than protons, giving it a negative charge. The chloride
ion is written as Cl-.
Thus, when Na and Cl atoms are mixed together, Na loses one
electron to Cl, creating Na+ and Cl-.

Positive and negative

charges attract each other, so the Na+ and Cl- then “stick
together”.

When two ions bond together because of opposite

Chlorine atom

electrical charges, it is called an ionic bond.
II. COVALENT BONDS
The amount of “pull” or attraction an atom has for electrons is
called it’s electronegativity.

Ionic bonds from when a very

electronegative atom gains electron(s) from an atom that can lose

Cl

Cl

electron(s) (low electronegativity). What occurs when both atoms
have equal (or close to equal) attraction for the electrons? Again,
a chlorine (Cl) atom has 7 electrons in its valence shell. It needs

Chlorine molecule (Cl2)

only one more to have 8, which will fill the shell. What happens
when 2 chlorine atoms are together? Each tries to “steal” an electron from the other. They both have
an equal pull on the electron, so neither can win the “tug of war”. Instead, the two chlorine atoms each
share one electron with the other as shown in the diagram above. In this way, each atom has 8
valence electrons, as shown in the diagram. The two atoms are sharing a pair of electrons, which
forms the covalent bond. The molecule is called Cl2 (Cee El Two). It is commonly drawn like this,
where each dot represents a valence electron. This is called a Lewis Dot Structure. The
Lewis Structure is sometimes simplified to:
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III.

POLAR (OR POLAR-COVALENT) BONDS

The final type of bonding we will look at falls between covalent and ionic bonds. In polar bonds, atoms
share electrons like covalent bonds but one atom has a stronger pull on the electron(s) than the
other(s). This results in the shared electrons spending more time around the one with the stronger pull
(the more electronegative atom). A great example of a polar bond is in the water molecule H2O (H two
O). Each hydrogen atom shares its one valence electron with the oxygen atom (which has 6 valence
electrons). As the oxygen has a stronger pull on the electrons (is more
electronegative) the electrons spend more time around the oxygen
atom than the hydrogen atoms. Thus, the oxygen has a slight negative
charge (written as δ-) and the hydrogens have a slight positive charge
(written as δ+).

SUMMARY
All chemical bonds form because atoms are attempting to fill their
valence shell with electrons.
Ionic Bond
Covalent Bond
Polar-Covalent Bond

One atom “steals” electron(s) from another.
Atoms bond together due to oppposite electrical charges
Atoms share electrons equally
Atoms share electrons unequally
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WHAT KIND OF BOND IS IT?
How can you tell which kind of bond atoms will form? If you take a chemistry course, you will get tables with the electronegativity of different
atoms, and a set of rules for figuring out the bond type. You can make a good guess using the periodic table. Atoms at the edges of the
table near the right hand side tend to gain electrons and atoms along the left hand side tend to lose electrons easily, creating ions which
form ionic bonds. Atoms in the middle tend to share electrons forming covalent or polar-covalent bonds. Note these are general guidelines
only – there are many exceptions! One example of an exception are metals like copper (Cu) or silver (Ag). Although in the middle of the
table, they tend to lose or gain electrons thus forming ions, or charged particles.
Some may form ions, but tend to share
electrons forming covalent or polar bonds

Tend to lose electrons
forming ionic bonds

Incresing Electronegativity
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Tend to gain electrons
forming ionic bonds

A TWIST ON COVALENT BONDS
Consider the gas Chlorine. In its natural state, two atoms share a pair of electrons and form a covalent
bond, written as Cl2. It is possible for atoms to share TWO pairs or even THREE pairs of electrons, to
form double or triple covalent bonds.
Examples:
Oxygen naturally occurs in pairs (O2). An oxygen atom has 6 valence electrons – two short of a full
shell. :

When two oxygen atoms bond, they both share two electrons with the other atom:

. This forms the double bond

O=O.

A nitrogen atom has 5 valence electrons – three short of a full shell. :
bond, they both share three electrons with the other atom:
This forms the triple bond

When two nitrogen atoms

.

N N.

GLOSSARY
Molecule:

two or more atoms bonded together

Element:

molecules consisting of one type of atom, i.e. O2 or N2

Compound:

molecules containing of two or more different atoms, i.e. H2O or C6H12O6

Electronegativity: the tendency of an atom to attract electrons in the formation of an ionic bond.
Ionic Bond:

a chemical bond that forms when electron(s) are transferred from one atom to
another, creating two ions that bond to each other because they have opposite
electrical charges (one positive, one negative), i.e. Na+ + Cl- → NaCl

Covalent Bond: a chemical bond formed between atoms by the sharing of electrons.
Polar Bond:

a chemical bond formed between atoms by the sharing of electrons, but one atom
has a stronger pull on the electrons then the other.

Double Bond:

A covalent bond in which two electron pairs are shared between two atoms.

Triple Bond:

A covalent bond in which three electron pairs are shared between two atoms.

Valence electrons: the electrons in the outer most shell of an atom
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Questions
1. Draw the ring, electron dot (Lewis) and line structures (molecules only) for:
Oxygen

Carbon Dioxide

2. Would the following molecules have Covalent or Ionic bonds?
Lithium Flouride: LiF
Carbon Monoxide: CO
Hydrochloric Acid: HCl
Magnesium Flouride: MgF2
Hydrogen: H2
Oxygen: O2
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Answers
1. Draw the ring, electron dot (Lewis) and line structures (molecules only) for:
Oxygen

o

O

Carbon Dioxide

O

C

O=C=O

O

2. Would the following molecules have Covalent or Ionic bonds?
Ionic

Covalent

Lithium Flouride: LiF

Carbon Monoxide: CO

Hydrochloric Acid: HCl

Hydrogen: H2

Magnesium Flouride: MgF2

Oxygen: O2

The atoms in these molecules come
from opposite ends of the periodic
table. Thus, the ones from the right
side, F and Cl, will be MUCH more
electroneagative than the ones from
the left (L, H and Mg) and will easily
form ions.

The atoms in these molecules are
either identical, or very close to each
other on the periodic table. Thus,
they have the same or almost the
same electronegativity, and will
share electrons, forming covalent
bonds.

Why?
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Module 2 Introduction to Chemistry

Unit 9 Acids and Bases
Learning Outcomes
•
•
•
•

Know the properties of acids and bases
Understand the pH scale
Classify acids and bases
Understand the relationship of OH and H ions to pH

Learning Materials
•
•
•

Reading
Exercises
o Answer key
Experiment; testing for pH, bar graph

Acids and Bases

Basic

Acidic

pH Scale
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Battery Acid

Acids and bases are different kinds of compounds. Acids can be

Stomach Acid

found in the stomach to help digestion. Acids have a sour taste and

Acid Rain
Bananas
Healthy Lake
Pure water
Eggs

they corrode metal. In water, the atoms that make up an acid come

Milk of Magnesia
Ammonia

ion is an atom or molecule that has lost or gained electron(s).Bases

Bleach

In water, bases may come apart resulting in hydroxide ions (OH-).

apart and the result is extra Hydrogen ions (H+). For example HCl
is hydrochloric acid it comes apart into H+ and Cl-.

Recall that an

may have a bitter taste and feel slippery. Many cleaners are bases.

For example, NaOH (sodium hydroxide comes apart into Na+ and OH- . pH is a measure of
acid and base strength. A pH of 1 is very acidic; there is an abundance of H+ ions. A pH of 14
is very basic; there is an abundance of OH-ions. A pH of 7 is neutral (neither acid nor base);
H+ and OH- ions are balanced.
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Strong acids and strong bases can both burn the skin and should not be touched. When acids
and bases are brought together, they start to neutralize each other. A neutral substance will
not harm your skin. The H+ and OH- react together to form water. This is the idea behind an
antacid. The diagram below shows solutions of HCl and NaOH which when mixed together
produce salt and water.
HCl + NaOH
(acid) (base)

Ions: HCl in water

→ H+ + Cl- + Na+ + OH- →
(ions)

+

NaOH in water

NaCl + H20
(salt) (water)

Salt and Water

When hydrochloric acid and sodium hydroxide are mixed in water, they dissociate into ions.
The H+ and OH- ions join together forming water (H20). The Na+ and Cl- ions join together to
form salt (NaCl ). Whether the solution becomes neutral or not depends on how much acid
and base is present.

Hydrochloric acid is the acid found in the stomach. A low pH helps in the breakdown of tough
food and proteins in the digestion process. A thick layer of mucus protects the lining of the
stomach. If the mucus isn’t thick enough, this strong acid can burn the stomach; this is an
ulcer.

The stomach contents move to the small intestine; the pancreas releases sodium

bicarbonate into the small intestine at the same time.

Sodium bicarbonate is basic; it

neutralizes the acid and brings the pH in the small intestine up, closer to neutral.
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Acids and Bases: Review Exercise
Match each statement with a) for acid, b) for base or c) for both.
a) ______

tastes sour`

b) ______

tastes bitter

c) ______

feels slippery

d) ______

corrodes metal

e) ______

results in H+ ions

f) ______

results in OH- ions

g) ______

can cause burns

h) ______

pH is less than 7

i) ______

pH is greater than 7

Glossary
Acid – A substance that yields hydrogen ions when dissolved in water.
Base – A substance that yields hydroxide ions when dissolved in water.
Hydrogen Ion – The positively charged ion of hydrogen, H+.
Hydroxide Ions – The negatively charged ion of one oxygen and one hydrogen, OH- .
pH – A measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral
solutions, increasing with increasing alkalinity and decreasing with increasing acidity.
The pH scale commonly in use ranges from 0 to 14.
Acidic – Being or containing an acid; of a solution having an excess of hydrogen ions (having
a pH of less than 7)
Basic – Being or containing a base; of a solution having an excess of hydroxide ions (having a
pH of greater than 7)
Neutral – Of or relating to a solution or compound that is neither acidic nor basic.
Neutralize – To make neutral.
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Acids and Bases: Experiment
Question
What common substances are acids, which are bases and which are neutral?

Hypothesis
Predict which substances you think are acidic, basic or neutral.

Materials – Pick 7 of the following liquids to test
Crushed aspirin in water
Tomato juice
Baking soda in water
lemon juice
Crushed Tums in water
orange juice
Vinegar
soda
Sea Water
black coffee
Saliva
Pepto Bismol
Sugar Water
Dish soap in water
Milk
pH paper (Available at Kool & Child – 208 Wallace Street, Nanaimo)

Procedure
With any substances check the safety symbols and take any precautions necessary. It’s
always a good idea to wear rubber gloves and goggles when you are working with chemicals.
Choose 7 substances from the list above. Pour a small amount of each substance into
separate small containers. Measure the pH of each by dipping pH strips into each substance.
Record the pH of each in a table. Make a bar graph to show the pH values of your substances.
Use pH values from 1 to 14 for the y-axis and your substances on the x axis.

Results
Substance

Your prediction
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Results continued
Make a bar graph to show the pH values of your substances. Use pH values from 1 to 14 for
the y-axis and your substances on the x axis. Draw your bar graph in the space below.

Conclusion
The following substances are acids
Therefore, they should have an abundance of
and

ions. They would have a pH between

__.

The following substances are bases
Therefore, they should have an abundance of
and

ions. They would have a pH between

__.

The following substances where neutral
They would have a pH of

.
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Answers
Acids and Bases: Review Exercise

The following substances are acids

Tomato Juice, Lemon Juice, Orange Juice,

Vinegar, Soda, Black Coffee, Saliva, Milk, Crushed Aspirin in Water
Therefore, they should have an abundance of __H+_ ions. They would have a pH between
__0__ and __7__
The following substances are bases __Sea Water, Dish soap in water, Baking soda in
water, Crushed Tums in water, Pepto Bismol
Therefore, they should have an abundance of __OH-__ ions. They would have a pH between
__7__and __14__
The following substances where neutral __Sugar Water__
They would have a pH of __7__
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Module 2 Introduction to Chemistry

Unit 10 Isotopes and Radioisotopes
Learning Objectives:
•
•
•
•

Learning Materials
•
•

Understand what isotopes are
Understand what radioisotopes are
Understand what a half-life is
Understand how radioisotopes are used in
science

Reading
Exercises
o Answer key

Isotopes
Carbon’s box in the periodic table looks like this:
Atomic number “6” gives the usual
number of protons & electrons

6

C
Atomic weight

C indicates that this is Carbon

12

Recall that the atomic weight, comes almost completely from the protons and neutrons in the
nucleus. We know that there are 6 protons in the nucleus, so there must also be 6 neutrons
(Atomic Weight – Atomic Number = Number of Neutrons, or 12 – 6 = 6).
However, a very small number of carbon atoms will have a different number of neutrons. A
very few will have 7 or even 8 neutrons. The atoms with 7 neutrons will have a weight of 13,
and the one with 8 will have a weight of 14. That is why they are called Carbon-13 and
Carbon-14. Atoms with the same atomic number, but different atomic weights, due to different
numbers of neutrons are called Isotopes.
The isotopes of Carbon:
Name
Atomic
Number
6
Carbon-12
6
Carbon-13
6
Carbon-14

Number of
Protons
6
6
6
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Radioisotopes
Most isotopes are stable, but a few, like Carbon-14, are not stable and break down over time.
When unstable isotopes break down or decay they give off radiation that we can detect like
radio signals. That is why they are called radioactive. Isotopes that are radioactive because
they decay are called radioisotopes.
Radioisotopes have many uses in science. One of the most well known is Carbon-14 dating.
We know the amount of Carbon-14 normally found in a living creature. After death, the
Carbon-14 decays, but it is not replaced with new Carbon-14 because the creature is dead and
is not eating or breathing. When scientists find part of a dead creature, for example, a bone,
they measure the amount of Carbon-14 left and can estimate how old it is. If the bone had half
the normal amount of Carbon-14, then it would be about 5,700 years old, because it takes
about 5,700 years for half of a sample of Carbon-14 to decay. This is called the half-life.
Radioisotopes are used frequently in
medicine. For example, a patient is injected
with a compound that contains a radioactive
atom. Then the patient is placed in a
scanner that detects where the radioisotope
goes (or doesn’t go) in the body. Different
compounds can be injected to diagnose a
wide variety of conditions, such as cancer,
Alzheimer’s, and aneurysms (weak spots in
blood vessel walls).
This image shows brains that have been
injected with radio-active sugar. As all cells
need sugar to live, the dark areas show

Scanner
where cells have died. The
normal brain on the left is bright
orange, showing live, healthy
cells (the dark areas are normal
spaces inside the brain). The
brain with Alzheimer’s disease
has many dead or dying (dark)
areas.
Are you a little freaked at the
idea of having radioactive
compounds injected into your
body? All radioisotopes used in
medicine have very short halflives. For example, Oxygen-15,
which is frequently used, has a
half-life of 2.03 minutes, so it is
gone very fast!
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More information…
If this part confuses you, forget it – it’s just here for
those who are curious!
The half-life of a radioisotope tells you the amount of
time it takes for half of the sample to decay. For
example, imagine you have 64 grams of a
radioisotope, with a half-life of 10 years. After 10
years, half of the sample, or 32 grams is left. After
another 10 years, half of that sample, or 16 grams is
left. And so on every 10 years you cut the sample in
half.

Time in
years
0
10
20
30
40
50
60
70

Number of
half lives
0
1
2
3
4
5
6
7

80

8

Grams of
sample left
64
32
16
8
4
2
1
1
2
1
4

So, in the example we did before, if a dead bone has about half its carbon-14 left, it is about
5700 years old. If it has one-quarter left it is about 11,400 years (or two half-lives) old.

Glossary
Isotope – One of two or more atoms having the same atomic number but different mass
numbers, due to a different number of neutrons in the nucleus.
Radioisotope – A naturally or artificially produced radioactive isotope of an element that gives
off radiation.
Decay – To break down into component parts; rot.
Radioactive – Give off Radiation.
Half-life – The time required for half the nuclei in an isotope to undergo radioactive decay.
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Questions
Match!
Carbon-14
Protons
Neutrons
Atomic Number
Isotope
Radioisotope
Decay
Radioactive

Half-life
Carbon-12

1. Give off Radiation.
2. The “normal” isotope of Carbon
3. The time required for half the nuclei in an isotope to undergo
radioactive decay.
4. To break down into component parts; rot.
5. A naturally or artificially produced radioactive isotope of an
element that gives off radiation.
6. An elements identifying number. Always equal to the number
of protons in the nucleus.
7. Particles in the nucleus with no electrical charge
8. Postively charges particles in the nucleus
9. One of two or more atoms having the same atomic number but
different mass numbers, due to a different number of neutrons
in the nucleus.
10. The radioactive isotope of Carbon

If a sample has 100 grams of Carbon-14 in it, how much will be left after one half-life?
After 2 half-lifes?
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Answers
Match!
10

Carbon-14

The radioactive isotope of Carbon

8

Protons

Postively charges particles in the nucleus

7

Neutrons

Particles in the nucleus with no electrical charge

6

Atomic Number

9

Isotope

5

Radioisotope

4

Decay

An elements identifying number. Always equal to the number of
protons in the nucleus.
One of two or more atoms having the same atomic number but
different mass numbers, due to a different number of neutrons
in the nucleus.
A naturally or artificially produced radioactive isotope of an
element that gives off radiation.
To break down into component parts; rot.

1

Radioactive

Give off Radiation.

3

Half-life

2

Carbon-12

The time required for half the nuclei in an isotope to undergo
radioactive decay.
The “normal” isotope of Carbon

If a sample has 100 grams of Carbon-14 in it, how much will be left after one half-life? 50 g.
After 2 half-lifes? 25 g.
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