
Topic 2.4 How are properties of atoms 
used to organize elements into 
the periodic table?

Key Concepts

Elements are made up • 
of atoms, which are 
made up of subatomic 
particles.
Elements are arranged • 
in the periodic table 
according to their 
atomic structure and 
properties.
Elements in the same • 
family (group) share 
similar physical and 
chemical properties.

Key Skills

Inquiry

Key Terms

atom
proton
neutron
electron
nucleus
atomic number
periodic table
period
family

Elements are the building blocks of which all matter on Earth is 
made. But what makes up the carbon in the coal that is burned 

as fuel, the oxygen in the air you breathe, or the silver and gold 
used to make fi ne works of art such as those shown here?

Imagine any element—gold, for example. Imagine cutting a 
piece of gold into smaller and smaller pieces until you can’t chop it 
up any further. What you are left  with is a bit of gold that is so small 
that the most powerful microscopes in the world are needed to 
magnify it enough to be able to view it. Nevertheless, this extremely 
tiny bit of gold still has all the properties of a piece of gold the size 
of the Bill Reid sculpture. Th e smallest unit of any element that still 
has all the properties of that element is called an atom.

All atoms of silver are 
the same as all other 
atoms of silver.

Atoms of gold are different from 
atoms of silver. As well, atoms of 
gold and of silver are different 
from atoms of all other elements.

Grizzly Bear bracelet, 1975 
(Courtesy Bill Reid Foundation 
Collection C #08)
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Famed Haida artist, Bill Reid (1920–1998), 
created this work of art from gold. It is called 
The Raven and the First Men and is only 7 cm by 
6.9 cm by 5 cm. (Courtesy Bill Reid Foundation 
Collection C #25)

All atoms of gold are 
the same as all other 
atoms of gold.

Any atom is a million times smaller in 
diameter than the thinnest human hair.

Even the thinnest piece of gold or silver 
that you can imagine is about 200 000 
atoms thick.

Starting Point Activity

Use the information in the “call-out” labels around the photos to answer 
these questions.

1. How do atoms of one element compare 
to atoms of another element?

2. Imagine that you are looking at Bill 
Reid’s gold sculpture. How do gold 
atoms around Raven’s mouth compare 
to gold atoms deep in the centre of the 
sculpture?

3. Imagine that you are looking at Bill 
Reid’s gold sculpture and this 3600 year 
old gold mask thought to show the 
face of the ancient king of Mycenae, 
Agamemnon. How do atoms of gold 
around Raven’s mouth compare to atoms 
of gold around Agamemnon’s mouth?

4. Describe an atom using what you have 
learned.

� The gold mask of Agamemnon.

TOPIC 2.4 HOW ARE PROPERTIES OF ATOMS USED TO ORGANIZE ELEMENTS INTO THE PERIODIC TABLE? • MHR 121

120-129_T24_LINKS09.indd   121120-129_T24_LINKS09.indd   121 6/30/09   1:14:41 PM6/30/09   1:14:41 PM



Elements are made up of atoms, which 
are made up of subatomic particles.

An atom is the smallest unit of an element that has the properties of 
that element. Figure 2.7 and Table 2.5 show that atoms are made up 

of even smaller subatomic particles: protons, neutrons, and electrons. Th e 
organization of subatomic particles in an atom is called the atomic structure.

� Figure 2.7 This model shows the subatomic particles of an 
atom. (The atom in this case is a carbon atom.)

atom: the smallest unit of 
an element that displays the 
properties of that element

proton: a positively 
charged particle that is part 
of the atomic nucleus

neutron: an uncharged 
particle that is part of the 
atomic nucleus

electron: a negatively 
charged particle that 
surrounds the nucleus

nucleus: the positively 
charged centre of an atom

Table 2.5 Subatomic Particles of Atoms

Th e following statements are true for any atom.
• Th e number of protons is equal to the number of electrons.
• Th e number of protons that an atom of any element has is called the 

atomic number. For example, all hydrogen atoms have one proton. All 
oxygen atoms have 8 protons. Th e atomic number distinguishes the 
atoms of one element from the atoms of other elements. See Figure 2.8.

• Th e regions around an atom’s nucleus are called energy levels. Atoms of 
each element have a diff erent number of electrons in their energy levels. 
Th e number of energy levels ranges from one to seven. Two electrons 
can fi t in the space of the fi rst energy level. Eight electrons can fi t in the 
second energy level. More electrons can fi t into higher energy levels.

atomic number: the 
number of protons in the 
nucleus of an atom

The nucleus is at the 
centre of an atom and 
holds its protons and 
neutrons.
Electrons surround the 
nucleus in one or more 
energy levels and have 
a negative charge.

Protons are located in the 
nucleus and have a positive 
charge

Neutrons are located in the 
nucleus and have no charge.

fi rst 
energy level

second 
energy level

Name
Electrical 
Charge Symbol

Location in 
an Atom

Relative 
Mass
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BA

1. What does an atomic number represent?
2. Use a double bubble organizer to compare and contrast the atoms 

shown in Figure 2.8.
3. Use Figure 2.7 as a guide to draw a beryllium atom.

� Figure 2.8 The atomic 
number of hydrogen (A) is 
1. The atomic number of 
oxygen (B) is 8. Count the 
protons in each nucleus to 
confi rm this.

Activity 2.7

BUILDING ATOMS

In this activity, you will use common materials to make models that 
represent your understanding of what atoms look like. 

What You Need
variety of materials to represent protons, neutrons, and electrons

What To Do
1. Choose one of the elements from this list. Use the information 

on page 122 to build a model for an atom of your element.

Inquiry Focus

Element
Atomic 
Number

Subatomic 
Particles Element

Atomic 
Number

Subatomic 
Particles 
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Elements are arranged in the periodic 
table according to their atomic structure 
and properties.

� Figure 2.9 A simplifi ed 
version of the periodic 
table of the elements. Short 
forms of the names of the 
elements are used. (You will 
learn more about the short 
forms in Topic 2.5.)

� Figure 2.10 Several 
patterns are visible in the 
number and arrangements 
of the electrons of atoms 
of the fi rst 18 elements.

Figure 2.9 shows a simplifi ed version of the periodic table. Th e place in the 
periodic table where each element appears depends on its atomic number 
and its properties.

Periods (rows on the periodic table) represent the number of energy 
levels that contain electrons. For instance, the elements in Period 1 have 
electrons in only the fi rst energy level.

Families (columns or groups on the periodic table) represent the 
number of electrons in the outermost energy level. Many of the properties of 
elements are determined by these electrons. As you can see in Figure 2.10, 
atoms in the same family have the same number of electrons in their outer 
energy level. As a result, elements in the same family tend to have similar 
properties and react in a similar way.

Figure 2.11 on pages 126 and 127 shows a full, pictorial version of the 
periodic table. You can see a text version of it on page 434.
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Elements in the same family (group) share 
similar physical and chemical properties.

When the elements are organized in order of their atomic number and 
atomic structure, a variety of patterns emerge. Th e periodic table is 

developed so that each family (group) of elements has similar chemical and 
physical properties. Th is occurs because the atomic structure of an element 
determines its chemical and physical properties.

Another pattern that emerges when elements are sorted by atomic 
number involves metals and non-metals. As you can see in Figure 2.9, all 
metals (shown in blue) are on the left  side of the periodic table. Th e most 
reactive metals are all in group 1. Th e reactivity of the elements in group 
1 increases as you go down the column. So the most reactive metal in this 
group is at the bottom. It is cesium (Cs).

Th e non-metals (shown in yellow) are on the right side of the periodic 
table. Th e most reactive non-metals are all in group 17. Th e reactivity of 
the elements in group 17 increases as you go up the column. So the most 
reactive non-metal is at the top. It is fl uorine (F).

Th e eight elements in green in Figure 2.9 are metalloids. Th ey share 
some properties of metals and some properties of non-metals.

Activity 2.8

PATTERNS IN THE PERIODIC TABLE

Refer to Figure 2.9 and 2.10, and the index cards from Activity 2.6. 

1. Look closely at the properties of the elements that are near each 
other vertically (up and down) and horizontally (beside each other). 
Describe any patterns that you see in the properties.

2. Explain how the atomic structure of an element is linked to its 
position in the periodic table and to its properties.

Inquiry Focus

1. What determines an element’s chemical and physical properties?
2. In the periodic table, what pattern emerges when elements are grouped 

into families?
3. Refer to Figure 2.10. What is the most reactive metal in group 2? What 

is the most reactive non-metal in group 16?

periodic table: a chart in 
which elements are listed 
horizontally in order of 
their atomic number and in 
which elements with similar 
properties are arranged 
vertically

period: a horizontal row 
of elements in the periodic 
table

family: a vertical column 
of elements in the periodic 
table
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� Figure 2.11 This pictorial version of the full periodic table includes 
photos of common uses of elements, as well as faces of important people 
who either discovered elements or added to our understanding of them.

Periodic Table
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Inquiry Focus

In this activity, you will use the atomic models 
you built in Activity 2.7 to make your own periodic 
table based on the organization of the protons, 
neutrons, and electrons in the atom. Recall that the 
organization of the protons, neutrons, and electrons 
in an atom is called the atomic structure.

What To Do
1. Work in pairs or small groups. Use your atomic 

models, the template above, and the information 
that you have learned about the periodic table 
to place your elements in the correct location 
based on the atomic structure of their atoms.

2. When you have placed all of your elements, 
check your periodic table with your teacher. 
Reorganize your elements if necessary.

What Did You Find Out?
1. What do the rows of the periodic table mean?

2. What do the columns of the periodic table mean?

Inquire Further
1. The periodic table of the elements is a human 

invention. In the 1800s, over a period of several 
decades, scientists from different countries 
tried to sort the elements that were known at 
the time. The scientist whose sorting method 
worked the best was a Russian chemist named 
Dmitri Mendeleev. He recorded properties of 
each element on cards. The picture shows the 
kind of information that Mendeleev wrote on his 
property cards.
a) Find out how chemists of the time reacted to 

Mendeleev’s ideas.
b) Do you think that scientists in today’s world 

still sometimes experience prejudice from 
their colleagues? Give reasons to justify 
your opinion.

Activity 2.9

BUILD A PERIODIC TABLE

Period
1

Group 1 Group 18

Group 2 Group 13 Group 14 Group 15 Group 16 Group 17

Period
2

Period
3

Period
4
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Topic 2.4 Review

Key Concept Summary

Review the Key Concepts
 1. K/U  Answer the question that is the title 

of this topic. Copy and complete the graphic 
organizer below in your notebook. Fill in four 
examples from the topic using key terms as 
well as your own words.

How are
properties of atoms 

used to organize 
elements into the 

periodic table? 

 2. K/U  Use a concept map to summarize the 
three parts of an atom. Include each part’s 
charge, where each part is found, and the 
mass of each part compared to the other parts 
(relative mass).

 3. T/I  Compare an atom of sulfur with an 
atom of magnesium in terms of the number of 
protons, electrons, and neutrons. Use the table 
in Activity 2.7 on page 123 to help you.

 4. K/U  Why is the periodic table one of the 
most useful tools used by chemists and 
science students?

 5. K/U  List three elements found in period 2 of 
the periodic table.

 6. K/U  List two elements found in group 17 of 
the periodic table.

 7. C  Th e atomic number for nitrogen is 7. 
a) How many protons and electrons does an 

atom of nitrogen have?
b) Nitrogen has 7 neutrons. Use the 

information from a) above and this new 
information to draw a diagram showing 
the structure of a nitrogen atom. (Hint: 
2 electrons occupy the fi rst energy level 
and then up to 8 electrons occupy the next 
energy level.)

 8. A  Sodium is a metal element found in 
group 1 of the periodic table. It is a soft  metal 
that can be cut with a knife. Sodium reacts 
violently with water, as you can see in the 
photo below. Potassium is another element 
found in group 1 of the periodic table. Based 
on the information given for sodium and your 
knowledge of properties of elements in the 
same group of the periodic table, predict the 
properties of potassium.

• Elements are made up of atoms, which are 
made up of subatomic particles.

• Elements are arranged in the periodic table 
according to their atomic structure and 
properties.

• Elements in the same family (group) share 
similar physical and chemical properties.
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