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Elements, Atoms, and the
Atomic Theory

CHAPTER

Matter is made of atoms.

Atoms have a structure that
determines their properties.

The Periodic Table organizes elements
in different ways.

148 NEL

Chapter Preview
Matter has mass and takes up space. It is the “stuff” that
makes up the universe: the stars, the planets, the
atmosphere, the rocks, our food, our toys, and ourselves.
Different forms of matter can combine to become new
forms, or be broken up into components.

In this chapter, you will review essential concepts you
learned in previous science courses about matter:
concepts about matter itself, and about the structure of
the building blocks of matter—elements.

Skills Focus: creating models, estimating, analyzing

TRY THIS: Modelling Matter

Elements are made from atoms. Given only a few building blocks
that represent atoms of different elements, how many different
kinds of matter can you create by combining atoms?  

Materials: per group: 4 interlocking building blocks in 4 different
colours

1. Combine the blocks together in as many different ways as
possible. Draw a sketch of each combination and indicate the
colour of each block.

2. Compare the combinations that you created with another
group’s.

A. How many different combinations could you create with the
four blocks?

B. How many combinations would be possible with five blocks? 

C. Did another group have a similar combination that only
differed by its shape? Would this be another “unique”
combination? Explain why or why not.

D. Do you think each of your combinations could represent
matter found in the universe? Explain why or why not.

KEY IDEAS
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6.1 Properties Are Used to Identify Matter 

You will recall from Grade 9 that a property is a characteristic of a
substance. Properties are either physical or chemical. Physical properties
can be observed without changing the chemical structure of the substance.
These include colour, density, and electrical conductivity. For example, some
physical properties of iron are that it conducts electricity, it is dense, and it is
a dark grey colour.

Chemical properties describe a possible chemical change (for example,
reacts with water, reacts with oxygen) that a substance may undergo.
Chemical changes will produce a new substance with a different set of
physical properties. For example, one chemical property of iron is that it will
react with oxygen and water to form rust. We cannot observe the property
without allowing some iron to react (Figure 1). Some physical properties of
rust are that it does not conduct electricity, it has a low density, and it is a
red-orange colour.

Classification of Matter by Properties 
Scientists classify all matter as either a mixture or a pure substance, based on
the types of atoms it contains, and how the atoms are arranged. As atoms
cannot be seen directly, scientists infer the atomic makeup of a material by
observing its physical and chemical properties.

Figure 1 Some of the iron in this ship’s hull has reacted with oxygen and water to form rust.

To find out more about
chemical changes, view the
animation at
www.science.nelson.com

STUDY TIP
30 % or 80 %?

If you do not review, you will
remember 30 % of what you learned
in class today. If you do review, you
will remember 80 % for longer periods
of time. For optimum recall, review
new material within 24 h after having
learned it in class.

GOGO

To review the different
chemical and physical
properties of substances,
go to
www.science.nelson.com GOGO
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Mixtures are formed when two or more substances are put together, but
are not chemically combined. The mixture will have the properties of all its
component substances simultaneously. Mixtures can have variable properties
for different samples.

Pure substances (often called, simply, substances) have identical
properties in every sample. Samples of pure table sugar (sucrose) purchased
in different cities will be identical in their properties (Figure 3).

Substances are further classified as either elements or compounds.
Elements are substances that cannot be broken down into simpler materials.
The smallest particles of elements that can exist by themselves are called
atoms. Every element has its own unique type of atom. Compounds are
substances, formed from two or more elements, in which the elements are
always combined in the same fixed proportions. Hydrogen and oxygen are
elements, and water is the compound formed from 2 parts hydrogen and 
1 part oxygen. Hydrogen peroxide is formed from 2 parts hydrogen to 
2 parts water—a different proportion of elements than water. Therefore,
hydrogen peroxide is a different compound than water (Figure 4). You will
study compounds in more detail in Chapter 7.

Unit B Elements, Compounds, and Reactions150 NEL

The chart in Figure 2 shows the classification of matter that you have
studied in previous science courses.

Figure 3 Pure substances such as
these piles of sucrose are always
identical.

Elements and Compounds

To perform this investigation, turn to
page 162.

In this investigation, you will release
an element from a compound, and
form another compound with the
element.

Investigation6A

Figure 4 Water and hydrogen peroxide
have different ratios of hydrogen atoms to
oxygen atoms, and are therefore, different
compounds. This is seen in their different
properties, as the hydrogen peroxide in the
right tube is reacting in the presence of the
solid compound MnO2, and the water in the
left tube is not.

Matter

pure substances mixtures

compounds elements

Investigation6A 

LEARNING TIP
As you read about how matter is
classified, clarify the meanings of
words in bold by examining Figure 2.

Figure 2 Classification of matter
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Formulas for the Elements 
Elements are identified by names and chemical symbols. The chemical
symbols are abbreviations usually based on either the Latin name or the
English name of the element. Chemical symbols consist of one or two
letters. The first letter is always capitalized and the second (if used) is always
lower case. If one letter is used for an element, then other symbols for
elements beginning with that letter must have a second letter. Therefore,
carbon has the symbol C, and cobalt has the symbol Co. Nitrogen has the
symbol N, and sodium has the symbol Na (from the Latin natrium).
Figure 5 shows a few elements in their elemental form. A complete list of
chemical symbols for the elements can be found in Appendix C1.

The IUPAC

The International Union of Pure and
Applied Chemistry (IUPAC) is an
international body that determines
many standards for the science of
chemistry, such as chemical names
and symbols, units, definitions of
terms, and methods of writing
formulas.

?KNOW
Did You

Figure 5 Samples of elements: (a) copper, Cu; (b) potassium, K; (c) calcium, Ca.

(a)

Element Formula Element Formula

hydrogen H2 oxygen O2

nitrogen N2 fluorine F2

chlorine Cl2 bromine Br2

iodine I2 sulfur S8

phosphorous P4

Table 1 Elements Not Found as Single Atoms

The symbols for the elements are used to write chemical formulas. For
most elements, the formula of the element will simply be the chemical
symbol of the element: Fe is the formula for iron, and Mg is the formula for
magnesium. Some of the elements, however, are never found as single atoms
in nature. They will always be bound with a certain number of atoms of the
same element. An example is oxygen: in its pure elemental form, every atom
of oxygen will be bound to another oxygen atom, so the formula for oxygen
is written as O2. Hydrogen is another example of an element whose atoms
are found in pairs, so its formula is written as H2. Table 1 below lists the
chemical formulas for the seven elements that are found as paired atoms.
Also included in the table are phosphorous and sulfur, which are commonly
found in groups of 4 and 8 atoms, respectively.

(b) (c)
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1. When aluminum is exposed to the air for a long
time, a greyish-white coating forms on it. Is this
an example of a physical or chemical property?
Explain.

2. Explain why you would classify the following
materials as either a pure substance or as a
mixture:
(a) sugar
(b) nitrogen gas
(c) beach sand
(d) milk
(e) distilled water

3. A material to be classified is divided into three
equal mass samples. The density of
sample A is 2.34 kg/L, the density of sample B 
is 2.65 kg/L, and the density of sample C is 
2.76 kg/L. Based on this evidence, classify the
original material as either a substance or a
mixture. Explain.

4. When electricity is passed through water,
hydrogen gas and oxygen gas will be formed,
always in the ratio 2:1. Explain how this
demonstrates that water is a compound.

5. When electricity is passed through liquid
mercury, there is no evidence of a chemical
change. Explain why this supports classifying
mercury as an element.

6. Three samples of a material to be classified are
decomposed into their component elements.
Sample A contains 5 g of hydrogen, 40 g of
carbon, and 16 g of oxygen. Sample B contains
10 g of hydrogen, 80 g of carbon, and 32 g of
oxygen. Sample C contains 2.5 g of hydrogen,
20 g of carbon, and 8 g of oxygen. Is this
material a compound or a mixture? Considering
the definition of a compound, explain your
answer.

7. Aluminum oxide is the compound formed from
the chemical combination of aluminum and
oxygen. One sample of aluminum oxide was
formed from 54 g of aluminum and 48 g of
oxygen. If a second sample were formed using
108 g of aluminum, how many grams of oxygen
would be in the compound?

8. Which of the following best explains why
ammonia is classified as a compound?
A. It has the formula NH3.
B. It is a very reactive substance.
C. All chemicals with a specific name are either

elements or compounds.
D. When decomposed, the ratio of nitrogen to

hydrogen is always the same.

9. Give the chemical symbols for the following
elements:
(a) strontium
(b) tin
(c) nitrogen 
(d) antimony
(e) chlorine
(f) scandium 
(g) samarium
(h) sulfur
(i) hydrogen
(j) neon 
(k) selenium
(l) iodine

10. Write the chemical formula for the following
elements:
(a) helium
(b) oxygen
(c) potassium
(d) fluorine

11. Suppose that a new element was discovered and
named victorium, after the city in which it was
discovered. What symbol could be used for this
new element? Explain why your choice is
appropriate.
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6.2 Atomic Theory

Around 1800, John Dalton revived the ancient Greek concept of atoms as
the smallest pieces of matter. He used this idea to explain the chemical
behaviour of elements. Dalton’s theory worked very well to explain the
behaviours of chemical substances, as they were known during the 1800s.
Over time, further discoveries led to a refinement of the atomic theory,
particularly with regard to the structure of the atom itself. In 1898,
J.J. Thomson discovered the electron, a tiny negatively charged particle much
smaller than the atom it was a part of. This established that the atom must
have an internal structure. Shortly afterward, Ernest Rutherford showed that
the atom had a nucleus, a very small space in the centre of the atom that
contained almost all of the mass of the atom, and all of the positive charge.
Niels Bohr proposed the concept of electron shells, to explain the emission
spectra of elements.

Atomic Structure 
Although new developments have since continued to refine and advance the
atomic theory, we will use Bohr’s version in our studies. According to Bohr’s
theory of the atom, every atom is composed of three types of subatomic
particles: protons, neutrons, and electrons. The dense centre of the atom is
called the nucleus, which contains the positively charged protons and the
uncharged neutrons (Figure 1). Protons and neutrons have approximately
the same mass. Each element has a unique number of protons in its nucleus,
and this is called the atomic number of the element. Hydrogen atoms have
only 1 proton, so the atomic number of hydrogen is 1. Oxygen atoms have 
8 protons, so the atomic number of oxygen is 8.

Although every atom of any one element will have the same number of
protons, the atoms might have a different number of neutrons. The mass
number of an atom is the total number of protons and neutrons in the
nucleus. The mass number of an element is written after the element name.
For example, oxygen-18 is oxygen with a mass number of 18. Different mass
numbers will not affect the physical and chemical properties of the element.

The atomic mass of an element is the average mass of the atoms of the
element. It reflects the abundance of the different mass numbers of the
element (Figure 2). It is this average that is given for each element in the
Periodic Table. For example, the most common atoms of bromine are
bromine-79 (50.7 % of naturally occurring bromine) and bromine-81 
(49.3 %), so the atomic mass of bromine is 79.90 u.

Atomic mass is measured in units called atomic mass units, with the
symbol u (or amu). One atomic mass unit is defined as �

1
1
2
� the mass of the

carbon-12 atom. You will learn more about atomic mass in the next unit.

neutron

proton

Figure 1 The structure of the nucleus
of an atom according to Bohr’s theory
of the atom
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Figure 2 The relative abundance of
selenium atoms found in nature. The
atomic mass of selenium is 78.96 u.

LEARNING TIP
Active readers ask questions to check
their understanding. Ask yourself, “Can
I tell the meaning of the words in this
section from the sentences in which
they are found?”
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Electrons and the Bohr Theory 
Outside the nucleus are found the negatively charged electrons, which are
approximately �18

1
00
� the mass of a proton, but have a negative charge of the

same size (strength) as the positive charge on the proton. An atom has the
same number of electrons as protons. (Recall that if an atom has more or
fewer electrons than protons, it will have a net electric charge, and is then
called an ion.) The electrons are arranged around the nucleus in specific
regions or electron shells (Figure 3). Electron shells are sometimes referred
to as “orbitals” or “energy levels.”

Electrons can only exist in electron shells, with only a particular number
in each shell. The shell closest to the nucleus (first shell) can contain a
maximum of 2 electrons. The second shell can contain a maximum of
8 electrons. For the first 20 elements, the third shell can contain a maximum
of 8 electrons. Potassium and calcium, the 19th and 20th elements, have 
1 and 2 electrons respectively, in their fourth shells. You will learn about the
arrangement of electrons for the rest of the elements in senior chemistry
courses.

Bohr Diagrams 
It is useful to visualize the arrangement of electrons in an atom using a Bohr
diagram. A Bohr diagram shows the number of electrons that are found in
each electron shell. There are many ways to write Bohr diagrams as shown in
Figure 4. You may see these different styles on worksheets, exams, and in
other texts. In this text, the Bohr diagrams you see will be similar to (c).

shells of fixed size and energy

Figure 3 The structure of an atom
according to Bohr’s theory of the atom:
(a) a 2-D drawing and (b) a 3-D
drawing.

O
16 

8 
Figure 4 Some possible Bohr diagrams
for oxygen: (a) The atomic number
(number of protons) and mass number
is shown in the centre; (b) Only the
number of protons and neutrons is
listed; (c) Only the atomic number is
indicated in the centre with the element
symbol. Electrons are paired when
possible; (d) and (e) show variations
that use numbers for the electrons in
each shell to save space.

8p
8n O

8

2 
6 

O
8

2

8p
8n

6

(a)

(b)

(a) (b) (c)

(d) (e)

When drawing Bohr diagrams, a maximum of only 2 electrons can
occupy the first shell, with a maximum of 8 electrons for the second and
third shells. It is convenient to place electrons as a pair in the first shell. In
the second and third rings, place the first 4 electrons equally around the
shell, then pair up the remaining electrons. Always fill an inner shell
completely before placing electrons in the next shell. Single electrons in
shells are called unpaired electrons, and 2 electrons together are called
paired electrons. GOGO

To learn more about drawing
Bohr diagrams, go to
www.science.nelson.com GOGO
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Figure 5 shows the steps to follow to draw Bohr diagrams for the first 
20 elements. Depending on the element, you might stop the process before
completing all steps, or continue past Step 5.

1. Label the centre of the diagram with the atomic 
number and symbol for the element.

2. Determine the number of shells needed.

3. Fill the first shell with 1 set of paired electrons.

4. Place the next 4 electrons equally around the second shell.

5. Pair up remaining electrons. Do not go past a total 
of 8 electrons in the second shell.

Figure 6 shows completed Bohr diagrams for 4 other elements.

F 
9 

F 
9 

Figure 6 Bohr diagrams for (a)
calcium, (b) neon, (c) nitrogen, and 
(d) magnesium.

Ca 
20 

Ne 
10 

N 
7 

Mg
12

(a) (b) (d)(c)

STUDY TIP
It is helpful to know how you can be
tested on an exam. Some context-
dependent questions can be based on
information such as the diagrams in
Figures 3–6. To carefully read a
graphic in your text or on an exam try
the 4-S system: Study the graphic. Say
the purpose of the graphic. Search out
the information in the graphic.
Summarize the information.

F 
9 

F 
9 

F
9

Figure 5 Drawing a Bohr diagram for
the element fluorine. These steps can be
used for the first 20 elements.
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1. Copy Table 1 and use the Bohr theory of the
atom to complete it.

2. Copy Table 2 and complete it.

3. Draw the Bohr diagrams for atoms of
(a) carbon
(b) boron
(c) argon
(d) sodium
(e) sulfur
(f) aluminum
(g) beryllium
(h) phosphorus

4. Which element does each of the following Bohr
diagrams of neutral atoms represent?

(a)

(b)

(c) 

5. How many electrons are in an atom of the
element with atomic number 24?

6. Consider a neutral atom that has 17 electrons.
(a) How many protons does it have?
(b) What is its atomic number?
(c) Which element is it?

7. List the following for an atom with 33 protons
and 42 neutrons:
(a) the name of the element
(b) the atomic number
(c) the number of electrons
(d) the mass number

Subatomic
particle

Mass,
compared
to a proton
(larger,
smaller, the
same)

Charge 
(� or –)

Location in
the atom

proton 1 u

�1

in the nucleus

Table 1

Atom
Number of
protons

Number of
neutrons

Number of
electrons

nitrogen-14

bromine-79

lithium-7

phosphorus-31

Table 2
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6.3 Classifying Elements with 
the Periodic Table

The Periodic Table was developed by scientists to organize elements in such
a way as to make sense of the growing information about their properties.
The first Periodic Table listed the known elements in order of their atomic
mass. In doing so, similar chemical and physical properties repeated over
and over again. When an element did not fit the pattern based on its
properties, a gap was left in the table. As more and more elements were
identified, the Periodic Table was adapted to include the new discoveries.

Once the atomic numbers of the elements were determined, elements
were ranked in the order of increasing atomic number, and the fit with
properties was improved. Today, all of the elements through number 111
have been identified and are shown in the Periodic Table on the inside back
cover of this text.

Classifying Elements Using Properties 
Elements can be classified or grouped in many different ways using physical
and chemical properties. For example, physical properties allow elements to
be classified as metals, non-metals, or metalloids. Metals have lustre, are
generally malleable and ductile, and conduct heat and electricity. Non-
metals are not lustrous, are brittle, and do not conduct heat and electricity
well. Metalloids have properties of both metals and non-metals (see Table 1).

Chemical Families 
Some groups of elements have characteristic sets of common physical and
chemical properties and are called chemical families. For example, sodium
and potassium are members of the alkali metals family. They are both soft
metals with very low density that react with water to form hydrogen. In
addition, the compounds formed from elements within a family are very
similar in their physical properties. Therefore, sodium chloride and
potassium chloride will be similar. Other chemical families include alkaline
earth metals, halogens, transition metals, and noble gases. The members of
these families and some of their properties are summarized in Table 2.

Metals Non-Metals Metalloids

iron carbon boron

aluminum oxygen silicon

sodium sulfur germanium

gold neon arsenic

copper chlorine antimony

zinc phosphorus tellurium

Table 1 Some Metals, Non-Metals, and Metalloids

To learn about the discovery of
new elements to fill the
Periodic Table, watch the video
clip at
www.science.nelson.com

STUDY TIP
Making study notes is important for
learning and remembering. As you
read this section, look at the headings
and subheadings. Turn each
subheading into a question and then
read to answer it. Record you answers
in point form.

LEARNING TIP
Check your understanding. Explain to
a partner, using the examples in 
Table 1, how metals, non-metals, and
metalloids are alike and how they are
different.

GOGO

To learn more about the
different chemical families,
go to
www.science.nelson.com GOGO
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Chemical family Elements Properties

Alkali metals lithium (Li),
sodium (Na),
potassium (K),
rubidium (Rb),
cesium (Cs),
francium (Fr)

• soft metals with very low density
• react with water to form hydrogen 
• form compounds with oxygen that 

are very basic (alkaline) in solution 
• lose one electron to form an ion

e.g., potassium reacting with water

Alkaline earth
metals

beryllium (Be),
magnesium (Mg),
calcium (Ca),
strontium (Sr),
barium (Ba),
radium (Ra)

• low-density, hard metals
• react with water but not as vigorously 

as the alkali metals 
• compounds with oxygen are commonly 

found in rock minerals 
• lose two electrons to form an ion

e.g., pencil sharpener made of magnesium

Halogens fluorine (F),
chlorine (Cl),
bromine (Br),
iodine (I),
astatine (At)

• highly reactive, toxic non-metals 
• bright colours as gases 
• gain one electron to form an ion

e.g., iodine subliming to a gas

Noble gases helium (He),
neon (Ne),
argon (Ar),
krypton (Kr),
xenon (Xe),
radon (Rn)

• very unreactive
• colourless, odourless gases 
• do not readily form ions

e.g., helium-filled balloons

Transition metals most of the metals in
the middle of the
Periodic Table

• properties of this group vary significantly 
• various numbers of electrons lost to 

form ions

e.g., copper pipes

Table 2 Chemical Families and Some of Their Properties
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The Periodic Table Shows Element Groups 
The modern Periodic Table provides an excellent way to display the cyclic
nature of the elements’ properties. Each row is one period or cycle while
each column is a group or family with similar properties. The Periodic Table
also accommodates the classifications of elements as described earlier. Metals
are found on the left side of the table, non-metals on the right side, and
metalloids form a zigzag line between the two other classes (Figure 1). Each
column is given a group number (Figure 2).
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Figure 1 Periodic Table showing metal (blue), non-metal (pink), and metalloid (green) elements
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Figure 2 Periodic Table showing major families of elements and group numbers. Not all elements share properties with several 
other elements, and thus are not easily classified as a chemical family. These elements are indicated in white.

Other periodic table formats
may be better suited to
illustrate different aspects of
the properties of elements. To
see alternative periodic tables,
go to
www.science.nelson.com GOGOGOGO
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The Periodic Table Shows Electron Configuration 
Consider the Bohr models for the first 20 elements. In their outermost shell,
all of the elements in Group 1, the first column of the Periodic Table, have 
1 electron; all of the elements in Group 2 have 2 electrons, and all of the
elements in Group 13 have 3. The pattern continues: in their outermost
shell, Group 14 has 4 electrons, Group 15 has 5 electrons, and so on, until
Group 18 with 8 electrons. It is the number of electrons in the outermost
shell of their atoms that largely determines the properties of the elements.
This is understandable, as only these electrons will be in a position to
interact with the electrons of another atom. Electrons in the inner shells are
shielded from interaction. As you will learn in later chapters, chemical
behaviour is determined by this interaction of electrons between atoms.

Compare the number of electron shells needed for an element with its
row (or period) in the Periodic Table. Hydrogen and helium need only one
shell. Lithium through neon need 2 shells, and so on. The number of shells
needed for an element is equal to the row of the Periodic Table in which the
element is listed.

The Periodic Table Displays Data
about Elements 
The Periodic Table can be used to display
data about the properties of the
elements. Besides the atomic number,
chemical symbol, name, and atomic
mass, the Periodic Table may also include
the charges of the common ions (related
to the number of electrons gained or lost
to form ions), the density, the boiling
point and melting point, the electron
configuration, or any of the properties of
the elements (Figure 3). Exactly which
information is included depends on the
intended use of the table.

The properties of atoms are correlated to the arrangements of their
electrons. In this activity, you will look for the relationship between
the outermost shell of atoms and their chemical families.

1. Review the instructions on page 155 for drawing Bohr
diagrams.

2. Draw Bohr diagrams for the first 20 elements.

A. Note which elements have only 1 electron in their outer shell.
To which chemical family do they belong?

B. Note which elements have 2, 7, or 8 electrons in their outer
shell. To which chemical families do they belong?

C. Should oxygen and sulfur be members of the same chemical
family? Explain why or why not.

Skills Focus: creating models, interpreting data

TRY THIS: Bohr Diagrams and the Periodic Table

80
357

–39.0

13.5

2+

1+

Hg
mercury
200.6

boiling point °C

melting point °C

density g/mL

chemical symbol

name

atomic mass

atomic number common ion charge

other ion charge

Figure 3 The entry for mercury in the Periodic Table provides several pieces 
of information.

To test your knowledge of the
Periodic Table, go to
www.science.nelson.com
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6.3 CHECK YOUR Understanding

1. What criteria are used to order the elements in
the modern Periodic Table?

2. Draw a sketch of the Periodic Table and indicate
the location of the following groups of
elements:
(a) metals
(b) non-metals
(c) metalloids
(d) halogens
(e) alkali metals
(f) noble gases

3. What properties differ between the elements in
the alkali metals and the elements in the
alkaline earth metals?

4. Explain the difference between a group and a
period in the Periodic Table.

5. Elements with only one electron in their outer
electron shell (lithium, sodium, etc.) are
members of the alkali metal family. Elements
which are one electron short of a full outer shell
(fluorine, chlorine, etc) are members of the
halogen family. Explain why hydrogen is not
included in either of these chemical families.

6. Copper and gold are metals that are among the
very best conductors of electricity. Consider the
location of copper and gold in the Periodic
Table and find one more metal that is also
among the best conductors of electricity.

7. Consider the following information before
answering the question below: oxygen reacts 1:2
with sodium and is a colourless gas; chlorine
reacts 1:1 with sodium and is a yellow gas; neon
does not react with sodium and is a colourless
gas. Suppose that a new element, pretendium,
has been discovered, and it is noted that this
element reacts 1:1 with sodium and is bright
green as a gas.
(a) Which chemical family would it belong to?
(b) How many electrons would it have in its

outermost shell?

8. Recall from Section 6.1 that there are seven
elements that are found as paired atoms. In
which chemical family are most of these
elements found?

9. The Group number is indicated at the top of
each column of the Periodic Table, from Group
1 at the left to Group 18 at the right. How many
electrons are there in the outermost shell of the
elements in each of the following group
numbers?
(a) 1
(b) 2
(c) 13
(d) 14
(e) 17
(f) 18

10. The outermost shell of the Bohr diagram for an
element is shown in Figure 4. In which
numbered group of the Periodic Table will the
element be found?

11. There are two instances on the Periodic Table in
which the order of increasing atomic mass does
not agree with the order of increasing atomic
number. Which two pairs of elements are not in
order of increasing atomic mass?

12. Explain why all periodic tables do not include
information about all the properties of each
element.

Figure 4
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Elements and Compounds 
Can an element be separated from a compound?
Can an element form a compound? In this
investigation, you will attempt to prove that an
element (hydrogen) can be separated from a
compound (hydrochloric acid), and that element will
form another compound (water).

To verify what is happening in your investigation,
you will perform tests. The presence of hydrogen gas
can be tested by placing a small sample into an
inverted test tube, and bringing a burning wood
splint up to the mouth of the tube. Hydrogen gas will
ignite, and a popping noise will be heard. The
presence of water can be tested by using cobalt(II)
chloride test paper. When in contact with water, the
blue test strips will turn purple.

Questions
Can an element be separated from a compound? Can
an element form a compound?  

Prediction
Write a prediction based on the questions.

Experimental Design
In this investigation, you will react hydrochloric acid
with zinc metal and test for the presence of
hydrogen. You will also conduct a further test for the
presence of water.

Materials 

• safety goggles

• 2 medium test tubes

• test tube stand

• dilute hydrochloric acid in a dropper bottle

• laboratory scoop

• zinc granules (or mossy zinc)

• wood splint

• Bunsen burner or lighter 

• cobalt(II) chloride test strips

Procedure
1. Read through the procedure and make a table to

record your observations.

2. Put on your safety goggles, and then place the
test tubes in the stand.

3. Carefully fill the bottom of one test tube with 
2 cm of dilute hydrochloric acid.

4. Pour one small scoop (about the size of a
fingernail) of zinc granules into the test tube.
Quickly invert the second test tube over the top
of the first (Figure 1).

Investigation6A

Questioning
Hypothesizing
Predicting
Planning

Conducting
Recording
Analyzing

Evaluating
Synthesizing
Communicating 

INQUIRY SKILLS

Acids can cause chemical burns. Always wear
eye protection when working with acids. If any
solution splashes on skin or in eyes, flush
immediately with plenty of cold water and
inform your teacher. Assume all substances are
poisonous. Handle test strips with care.
Avoid close contact with any gases produced in
chemical reactions. There is a potential hazard to
your eyes.

Figure 1
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5. Record your observations of the reaction. What
evidence of a chemical change is there?

6. After about 30 s, remove the top test tube and
cover the end with your thumb (keeping it
upside down).

7. Ignite the wood splint and, holding the gas-
filled test tube down at a slight angle, remove
your thumb and carefully slide the burning
splint into the mouth of the test tube. Hold on
tight, so as not to drop the tube (Figure 2).

8. Record your observations of the reaction. What
evidence shows the presence of an element? 

9. If a liquid forms inside the tube, test it with the
cobalt(II) chloride test strips. Record the results
of this test.

10. Clean up your workstation and dispose of the
materials as directed by your teacher.

Conclusion
Complete the following items to answer the
questions posed at the beginning of the investigation.

Analysis
(a) What evidence is there that the gas bubbles

formed in the first part of the investigation were
hydrogen gas?

(b) The reaction of zinc metal and hydrochloric
acid creates hydrogen gas, an element. What
property of this element requires you to keep
the second tube upside down?

(c) What evidence is there that the compound
formed in the second test tube is water? 

(d) Water has the chemical formula H2O. Where
did the hydrogen (H) and oxygen (O) atoms
required to form the water molecules come
from?

Evaluation
(e) Did the investigation verify your prediction?

Explain.

(f) Did the investigation provide an answer to the
questions? Explain.

Synthesis
(g) What other substances could be tested for, using

the techniques of this investigation?

(h) Explain why it might be possible to have a
successful test for hydrogen, but no water
detected in the test tube.

Figure 2
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Elements, Atoms, and the Atomic Theory

Key Ideas
Matter is made of atoms.

• Atoms are the smallest particles of each element.

• Elements combine to form compounds.

• Mixtures are made from two or more substances that are not chemically
combined.

• Elements, compounds, and mixtures together constitute all matter.

• Elements can be represented by symbols.

• Some elements are found as paired atoms.

Atoms have a structure that determines their properties.

• Atoms have component particles called subatomic particles: protons,
neutrons, and electrons.

• Positive protons and neutral neutrons are found in the nucleus, and
negative electrons are arranged in shells around the nucleus.

• In an atom, the number of electrons is equal to the number of protons.
When the number of electrons differs from the number of protons, it is
called an ion.

• The number of electrons in the outer shell of an element’s atoms
determines the properties of the element.

Unit B Elements, Compounds, and Reactions164 NEL

Vocabulary

physical property, p. 149

chemical property, p. 149

mixture, p. 150

pure substance, p. 150

element, p. 150

atom, p. 150

compound, p. 150

subatomic particles, p. 153

nucleus, p. 153

proton, p. 153

neutron, p. 153

atomic number, p. 153

mass number, p. 153

atomic mass, p. 153

electron, p. 154

electron shell, p. 154

unpaired electrons, p. 154

paired electrons, p. 154

chemical families, p. 157

6
CHAPTER

Review

Matter

pure substances mixtures

compounds elements
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The Periodic Table organizes elements in different ways.

• Metals are found on the left side, non-metals on the right, and metalloids
in between.

• Chemical families are arranged in vertical groups.

• Periodic tables can indicate the chemical symbol, atomic number, atomic
mass, ion charge, density, and other information about each element.

Chapter 6 Review 165NEL
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Review Key Ideas and Vocabulary
1. Which of the following does not describe a

chemical change?
A. Sugar melts when heated to 190 °C.
B. A smoldering wood splint ignites in oxygen.
C. Iron turns red when exposed to water and

air.
D. Bubbles of gas form when hydrogen

peroxide solution is placed over an open cut
in your skin.

2. Which of the following best describes the
properties of an electron?

A.

B.

C.

D.

3. Which of the following describes the mass
number of an element?
A. It is the mass in kilograms.
B. It is the number of neutrons in the nucleus.
C. It is equal to the total number of protons

and neutrons.
D. It is the average mass of all of the atoms of a

sample of the element.

4. Explain the differences between metals,
metalloids, and non-metals.

5. Sketch a Periodic Table and indicate where you
would find a non-metal.

6. Write the formulas for the following elements:
(a) hydrogen (b) helium
(c) sodium (d) boron
(e) nitrogen (f) sulfur
(g) oxygen

7. Each of the Bohr diagrams below shows an atom
of a different element. Identify each element.

8. Describe three characteristic properties of the
following chemical families:
(a) halogens
(b) noble gases
(c) alkaline earth metals
(d) alkali metals

9. How many electrons are there in the outer shell
of an alkali metal atom?
A. 1 
B. 2 
C. 3 
D. 7 

10. Explain how to determine the number of
electrons, protons, and neutrons in an atom,
given the mass number and the atomic number.

Use What You’ve Learned
11. Draw Bohr diagrams for one element from each

column of the Periodic Table that contain the
first 20 elements.

12. Which of the following statements are correct
for all alkaline earth metals?

A. I and II only 
B. I and IV only
C. II and IV only
D. I, III, and IV only

Many of these questions are in the style of the Science 10 Provincial Exam.
The following icons indicate an exam-style question and its cognitive level.

Knowledge       Understanding and Application           Higher Mental ProcessesK HMPU

K

K

K

Mass relative to a proton Location

larger inside the nucleus

smaller inside the nucleus

similar outside the nucleus

smaller outside the nucleus

2 8 8 1 

K

I They readily form ions.

II They have a full outer electron shell.

III They are less reactive than the noble gases.

IV They have two electrons in their outer shell.

U

(a) (b)

(c) (d)
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13. For each of the Bohr diagrams in Figures 1–3,
determine
(a) the atomic number
(b) the element name
(c) the number of electrons
(d) the number of neutrons
(e) the number of protons
(f) the mass number

14. An element has 7 protons and 6 neutrons. Draw
the Bohr diagram for an atom of this element.

15. The compound magnesium chloride is a white
crystal that is highly soluble in water. Predict the
properties of magnesium fluoride.

16. The compound hydroxyapatite is the main
mineral that makes up bone. It is a complex
compound formed from calcium, phosphorus,
oxygen, and hydrogen. Considering the
locations of calcium and strontium in the
Periodic Table, which of the following explains
why radioactive strontium is deposited in bone
when a person ingests it? 
A. All ingested minerals are deposited in bone.
B. The higher atomic number of strontium

makes it bond more strongly to phosphorus
atoms.

C. Strontium is more reactive than calcium
and is therefore more likely to be used by a
person’s body to make bone.

D. A person’s body will use strontium in the
same way as it uses calcium because the
elements have similar chemical properties.

Think Critically
17. You have been given a sample of a clear,

colourless liquid. Conduct research and find
methods to determine if the substance is an
element or a compound. Write a paragraph to
summarize your findings.

18. An element is observed to have the following
physical and chemical properties: it is reactive
with water, has a low density, and conducts
electricity. Select the best response to the
following statement:

The element must be a member of the alkali metal
family.
A. The statement is supported by the observed

properties.
B. The statement is refuted by the observed

properties.
C. The statement is neither supported nor

refuted by the observed properties.

Reflect on Your Learning
19. In a two-column table, list in point form new

concepts or facts you have learned in this
chapter. In the second column, write down
questions that you feel are as yet unanswered or
are extensions of concepts in the first column.
Use print and electronic resources to investigate
one of those questions and summarize your
findings.

?28

?

Figure 1 Figure 2 Figure 3

? p

10 n
?

14

?

www.science.nelson.com GOGO

Visit the Quiz Centre at
www.science.nelson.com GOGO

HMP

www.science.nelson.com GOGO

U
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