b

The fire triangle is a convenient way 1o
remember the thrae components of
any combustion reaction.
Bemaving any one of these
makes the triangle incomplste
and puts out the fire.

'3
Sl

Combustion and Air Pollution

Under ideal conditions, the combustion of hydrocarbons
produces only carbon dioxide and water. But ideal
conditions rarely exist. Fossil fuels are not pure
hydrocarbons but rather are mixtures of many different
substances. Also, the chemical action of combustion can
be less efficient if there is not enough oxygen or heat.
When not enough oxygen is available, two other products
may be produced: carbon monoxide and carbon, Carbon
monoxide is a poisonous gas that you will learn more
about in Section 2.8.

When gasoline burns in an automobile engine, the
carbon dioxide that is produced increases the greenhouse
effect, which may be causing global warming (Figure 3).
Other products include carbon monoxide, smaller
hydrocarbons, sulphur dioxide, and nitrogen oxides, all ol
which can harm people and the environment. In fact,
combustion is the major source of air pollution in the
environment.

light —
radiation

Carbon dioxide gas produced by combustion in industry and automobile engines
increases the so-called greenhouse effect. The glass panes of a greenhouss
allow sunlight to pass through but prevent heat from escaping, A similar
situation occurs in the atmosphere: carbon digxide in the atmosphers acts lika
the glass in a greenhouse, trapping heat close to Earth’s surface. Many
scientists believe this is cavsing a gradual increase in Earth's termparature.
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44 Understanding Concepts

1. What is “combustion”?

2. la} When fossil fuels burn, what
are the reactants?

{b] What are the two main
products of this combustion?

{e) Why are other products also
formed?

3. lllustrate which part of the ﬁ:;‘/
triangle is removed when sack of
the following methods is used to
stop combustion.

{a) closing the valve on a propane
tank that supplies propane to
a barbecue

{b) dropping and rolling if your
clothing catches fire

{e} pouring water on a campfire

d) pouring baking soda on a
grease fire

(e} blowing on a flaming _
marshmallow u

Making Connections

4. Why should you never operate a
gas or charcoal barbecue inside a
building?

5. Explain why building codes
require an external source of air
for fireplaces in new homes,

Exploring

6. Fossil fuels may be obtained from

@ the black oil that is pumped from
oil wells. Use the Internet or
CD-ROM database to find out how
these substances are found and
separated. Some key words you
rmight want to use in your search
are: petroleum, fractionation,
fractional distillation, and oil
refining.

Reflecting

7. Wood is combustible but chalk is
not. |s combustibility a physical or
chernical property of substances?
Explain.
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Chapter 1 Review

Key Expectations

Throughout this chapter, you have had
opportunities to do the following things:

e Recognize physical and chemical properties of
everyday substances, such as solubility and
combustibility. (1.2, 1.3, 19 1.11)

s Distinguish between Iph}rsical and chemical
changes. (1.7, 1.8)

s Distinguish between metals and nommetals.
4 B Ll

s Describe chemical changes using indicators
such as change in colour, or the production of a
gas, precipitate, heat, or light. (1.8, 1.9, 1.11)

¢ Use density calculations to identify unknown
substances. (1.5)

* Investigate physical and chemical properties,
and organize, record, analyze, and communicate
results. (1.3, 1.5)

e Investigate physical and chemical change, and
organize, record, analyze, and communicate
resules. (1.6, 1.8, 1.10)

Reflecting

e “NMatter has characteristic physical and chemical
properties. Understanding these properties enables us
to make useful products.” Reflect on this idea. Haowe
does it connect with what you've done in this chapter?
{To review, check the sections indicated above.]

= Revise your answers to the questions raised in
Getting Started. How has your thinking changed?

» What new questions do you have? How will you
answer them?

Understanding Concepts

1. Make a concept map Lo summarize the
material that you have studied in this chapter.
Start with the word “matter.”

9. Look again at the Getting Started activity at
the beginning of this chapter. Classify the
changes as physical or chemical.
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e Formulate and research questions related to the
roperties of matter and communicate results.

AT

(L T

Compare the physical and chemical properties
of substances and assess their potential uses and
associated risks. (1.2, 1.4, 1.9, 1.11)

Explore careers requiring an understanding of
the properties of matter. (Career Profile)

KEY TERMS

alloy

brittle

chemical change
chemical property
combustible {or flammable)
combustion
COrrQsion

crystal

density

ductile

fossil fuel

AT AR, o A RIEI LY o
R S e

hardness
hydrocarbon
malleable

physical change &
physical property
pracipitate
products
reactants
solubility
viscosity
word equation

%

3. (a) What is the difference between a physical
property and a chemical prﬂpt-rt'y'?

(b) Give an example of one physical property
and one chemical property for each of the
following: wood, gasoline, and baking soda.

For each of the following, replace the
description with one or two words:

(a) the starting substances in a reaction

(b) the substances formed in a reaction

(¢) a change in which a new substance is

produced

(d) a change in which no new substance 15

produced

(¢) able to dissolve in a solvent

(f) breaks when hit against a hard surface

The sentences below contain €rrors or are
incomplete. Write complete, correct VErsl0ns.

(a) A physical change pre wduces a new

substance,



(b) The formation of frost is a chemical
change.

(c) A chemical change may produce a new
substance called a predominate.

(d) A new colour indicates a physical change.

{e) Ability to react with acid is an example of a
physical property.

(f) Some substances are safe to taste in the
lab.

(g) Malleability is a chemical property.

(h) A chemical change is a change of state or
form.

(i) Corrosion is the reaction of a metal with
nitrogen in the air.

(j) Goggles may be taken off if a student has
finished his or her experiment.

6. Suggest five clues you could consider before
deciding whether a change is physical or
chemical.

7. Indicate whether cach of the following is

a physical or a chemical change. Give a reason
for each.

{a) water freezing on a pond
(b) soap removing grease from hands
(c) an electric bulb glowing
(d) a cake baking
(e) wood burning
(f) kitchen scraps composting
(g) a paper clip bending
(h) dynamite exploding
8. Copy the properties in Column A (Table 1)

into your notebook. Match each set of
properties with the appropriate substance in

Column B.
Column A ; _ Rt Column B
colourless, low viscosity, liquid at 20°C, salt
noncombustible
white, crystalling, solid at 20°C, soluble inwater sulfur
yellow, powdery, solid at 20°C, insolubla in water, alcohal
burns in air with a blue flame
colourless, low viscosity, liguid at 20°C, combustible water

9. Which of the properties described in the
previous question were (a) physical properties:
(b) chemical properties?

Applying Skills

10. Name four materials or pieces of equipment
that you used in your investigations o ensure
lab safety. Explain the function of cach.

11. Find the missing quantity in each of the
following density problems, given any two of
mass, volume, and density. Show the
appropriate formula and units.

(a) mass = 40 g; volume = 2 mlL.
(b) mass = 8 kg; density = 2 kg/L
(¢) density =5 kg/m?% mass = 400 kg

12. A yellow solid is heated and is observed to
change to a brown liquid. Analyze whether the
change is physical or chemical.

13. A white solid is heated and 1s observed o
change to a liquid at 65°C. When the solid is
cooled, it becomes a white s slid again at 65°C.
Analyze whether the change is physical or
chemical. Explain.

Making Connections

14. Carbon dioxide ejected from a fire

extinguisher is so cold that it changes to snow.

(a) Is this a physical or chemical change?

(b) The carbon dioxide snow, when applied to
a burning object, is said to smother the
flame. What kind of chemical change is
the carbon dioxide snow preventing: How
does the carbon dioxide stop the fire?

{c) Are there any potential risks of using
carbon dioxide in this way?

15. A welder uses heat from the combustion of
acetylene (a fossil fuel) to weld steel plates
together.

(a) Name all the physical changes that occur
during and after this process.

(b) Describe the chemical change that
produces the heat the welder needs.

(¢) What safety precautions must the welder
take?

16. Corrosion is the reaction of metals with
oxygen in a chemical change. What kinds of
changes occur in other substances over time?
For example, what happens to plastic products
left out in subzero temperatures or in intense
sunlight for long periods of time? In what
instances could the use of plastics practically
replace the use of metals?
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Getting Started

42

Douglas Cardinal is an architect who often
creates models of structures to give

shape to a concept. Architects use

models not only to help them

uncover design problems and :
solve them, but also to make ,‘m
Mmm

the concepts much easier
for other people to
understand and visualize.
Have you ever built a

model? What did it teach "% " g

your Brainstorm a list of ﬁ“ﬁ% b —

the possible uses of i

models. 2 i
" -

In science, models are not just physical
constructions. A model can be a diagram,
a classification system, a mental picture, a
theory. In fact, a model is any means of
representing a thing or process. Models
are made to help us visualize things we
cannot see or things we find difficult to
understand. What scientific models are
you already familiar with?

Choose one and ask yourself what the
model seeks to explain, and how complete
that explanation is. ) o
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o A Montreal woman is helped from her
home during the 1998 ice storm.
Emergency generators used to provide
electricity spread carbon monoxide
fumes through her apartment complex.
Carbon monoxide is a poisonous gas
that kills people every year.

How can the particle theory help us
understand substances like carbon
monoxide? The particle theory suggests
that matters are made of basic building
blocks, called elements. An element is
composed of only one kind of atom.
Atoms can be assembled in different
ways. For example, carbon and oxygen
atoms can be combined to form the gas
you exhale with every breath (carbon
dioxide) or the dangerous gas that
alfected this woman (carbon monoxide).
What other combinations of atoms are
you aware of, and how can they affect
our daily lives? )

Reflecting

Think about the questions in @€
What ideas do you already have? What
other questions do you have about
scientific models and elements and
compounds? Think about your answers
and guestions as you read the chapter,

Finding Pure Substances

1. Pure substances are samples of matter gases, and their names can have one
that contain only one type of particle. In word or more than one word in them.
a small eroup, make a list of at least 20 o i
i 2. Scientsts have found that chemical

pure substances that you know about.
Include everyday substances such as
water, copper, and gold. Also be sure to
include substances you have used in the
laboratory. Remember that pure
substances can be solids, liquids, or

changes can split the particles in some
pure substances into smaller particles.
Other pure substances cannot be
broken down. In your group, discuss
your list of pure substances. Which
ones do you think can be split?
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Models of Matter: The Particle Theory

Observing and experimenting with matter The Particle Theory of Matter
has led scientists to theorize about what Principle lllustration

matter really is. Their working definition
of matter is anything that takes up space
and has mass. When we observe matter, we :

; : : 1. All matter is made
see that it behaves in countless ways and up of tiny particles.
can be put to countless uses. But is matter
one, definable thing? Over the centuries,
scientists have created many models to
explain what matter is, to explain what lies

beyond what we can physically observe. 2. All particles of one

One of the most enduring models of substance are the

matter is the particle theory. same. Different

substances are made

e of different particles.

Building Blocks of Matter: The

Particle Theory

More than 2000 years ago in Greece, a 3. The particles are

philosopher named Democritus suggested always moving, The
mare enargy the

that matter was made up of tiny particles narticles have, the
too small to b‘re seen. He thou_ght that if fastar they move.
you kept cutting a substance into smaller
and smaller pieces, you would eventually

come to the smallest possible particles— Moo are attatie
the building blocks of matter. The basic forces between the
principles of the particle theory are particles. Thesa forces

are stronger when tha

reviewed in Table 1. :
particles are closer

Pure Substances and Mixtures
Using the particle theory, we can
understand two categories of substances:
pure substances and mixires. A pure
substance contains only one kind of particle. For example, a piece of
aluminum foil contains only aluminum particles. Sugar is a purc
cubstance. It contains only sugar particles. A scoop of sugar made from
Canadian sugar beets contains exactly the same kind of particles as a
scoop ol sugar made from Australian sugar cane.

A mixture contains at least two different pure substances, or two
different types of particles. When you drink a glass of milk or eat a
cookie, you are consuming mixfures of different substances. Most
common substances are mixtures. Figure 1 shows the relationship
between pure substances and mixtures.
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hot cold
particlas far apart—force weak
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Classifying Mixtures

Imagine you have a sample to
identify that you think is a
mixture. What type of mixture
might it be? Perhaps your mixture
is a solution, like sugar in water. If
you add a small amount of sugar
to water and stir, the sugar
disappears as it dissolves, A
solution may be made up of
liquids, solids, or gases. Airis a
solution of gases. Perfumes are
solutions of alcohol and
fragrances. Many alloys are
solutions of solid metals.

The sample of matter may be a
heterogeneous mixture, like pizza.
When you make a pizza, tomato
sauce, cheese, mushrooms, and
pepperoni are mixed together or
scattered on top of the crust. Each
part can be easily seen. Garden
soil, 0il and vinegar, salad
dressing, and garbage are all
heterogeneous mixtures.

Elements and Compounds

Many properties of matter can be
explained by using the particle

theory. But what are these particles?

Two hundrcd years ago, scientists
like the one in Figure 2 already
knew of thousands of pure
substances and were constantly
discovering more. Scientists hoped
that by breaking down these
substances, they would discover the
building blocks of matter—the
particles that Democritus suggested
couldn’t be broken down any
further. Once they knew all the
building blocks, they believed they
would be able 1o predict the

properties of a pure substance from

the properties of the “blocks” or
“particles” of which it was made.

o pure substances ﬁ .

® o
*®e
oo

pure substance

xtures

solution

‘_ﬁ

_N
\k‘

pure substance

€©) Fure substances: Pure substances contain heterogenesous
anly one kind of particle. mixture

@ Mixtures: Vhen two pure substances are mixed together, sometimeas
they mix smogthly and sometimes they mix uney If the particles mix
very well with one angther—so well that you can see only one phase or
visible part—the rmixture is called a solution. You say that one substance
dissolvas in another. |f the particles don't mix weall with one anather, you
will see more than one phase. This type of mixture is called a

heterogeneocus mixture.

Using equipment like this, scientists of several canturies ago conductad
axpeariments on matter.
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As a result of these efforts, scientists now Pure Substances and Mixtures

know of over 100 of these building blocks, Elements in Type of Description

which they call elements. Elements are purc | substance substance

S}lhstﬂj‘lcﬁs that cannot be bm.kent down into element Aalone  purs substance  Only element A is visible.
simpler substances. Water, which is formed |element}

from two of these clements (hydrogen and

ﬂxygen}, iBac ompmmd. Compounds are glements Aand B pure substance  The compaund may have

y (compound] completely different properties
pure substances that contain two or more from each af the elements;
different elements in a fixed proportion. the elements are chemically
They are formed when elements combine combined.

T - S e a1 s. i .
togethe n cljmmm.a.] reactions. For | i the silutict i look vesy
example, b LA there are always twice as {solution] similar to one of the elements,
many particles of hydrogen as particles of as particles of the ather
oxygen. Table 2 shows how the classification elemant are hidden within t.
of matter can be expanded to include s P (DT —
elements and compounds, (heterogensous)  be seen separately.

Atoms and Elements
How can we use the particle theory to understand elements and
compounds? Once again, water provides a clue. At one time, people
thought that water was made up of particles that could not be broken
down further. We now know, however, that water can be broken down
into hydrogen and oxygen and that, when we measure the volumes of
the gases, we always get twice as much hydrogen as oxygen. One water
particle is formed from the particles of two elements: two particles of
hydrogen and one particle of oxygen as shown in Figure 3.

Scientists now call the particles in the particle theory atoms. Each
element is made of only one kind of atom. Since there are more than A model of a water
100 elements, there are more than 100 kinds of atoms. molecule

Molecules
Atoms join together in combinations. When two or more atoms join
together, a molecule is formed. Molecules can contain two atoms or
many thousands of atoms. The atoms in a molecule can be all the
same kind of atom. For

example, in the element RN

oxygen there are two
oxygen atoms in each
molecule. Molecules can
also be made of two or
more different kinds of
atoms. For example, a
compound called butane
(a fuel) contains four
carbon atoms and ten
hydrogen atoms in cach

_ @ Atoms of the ® In the compound @ In acetic acid (vinegar),
molecule. elerment oaygen methane ithe main each malacule has eight
join together in component of natural atoms: two carbaon atoms,
pairs, forming gas), each molecula two axygen atoms, and
oxygen molecules. contains one carben four hydrogen atoms.

atorn and four
hydrogen atoms.
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Models of Molecules

Examine the models of molecules shown in Figure 4. The
first shows a molecule that contains two atoms of oxygen.
This is a molecule of the element oxygen. The other two

show molecules of compounds.

Different Molecules from the Same Elements

In compounds, atoms of one element join together in a
fixed ratio with atoms of other elements. For example,
when hydrogen and oxygen combine in the ratio of 2:1,
the compound they form is always water. What happens if
hydrogen and oxygen combine in a different ratio? The
result is a different compound with different properties. In
nature, there is only one other compound that contains
only hydrogen and oxygen: hydrogen peroxide. In
hydrogen peroxide, hydrogen and oxygen atoms are in a
2:2 ratio, as shown in Figure 5.

The properties of water and hydrogen peroxide are
very different. Water is everywhere on Earth, part of all
living things. Hydrogen peroxide is a much more reactive
compound. In Figure 6 it is shown interacting with a drop
of blood.

Other elements can also be combined in different
ratios to produce different compounds. For example,
acetic acid (vinegar) contains atoms of hydrogen, oxygen,
and carbon. These same elements also combine to form
many other compounds, including sugars and fats.

A hydrogen peroxide
molacula has two
hydrogen atoms and
e Caygen atoms.,
Compars this with the
model of water shown
im Figure 3.

A hydrogen peroxide
solution bubbles as
blood is added,
Hydrogen peroxide is
used In antiseptics. |t
bubbles whemn it

IN CUTS Or Scrapes.,
Wiater in a sirnilar
situation dogs naot
regct.

touches dirt and blood

Understanding Concepts

1. Use diagrams to explain the
difference between

(@) a pure substance and a
mixture

{b) a solution and a
heterogeneous mixture

2. Create a summary chart for the
concepts in this section:
elernent, compound, atom,
mixture, and molecule, Include
the following headings: term,
definition, example,

w

Give examples of two molecules
that are made from the same
types of atoms.

4. State whether each of the
following pure substances is an
elameant or a compound. Explain
YOUr reasoning.

{a) A clear, colourless liquid that
can be split into two gases
with different properties,

(b} A yellow solid that always
has the same proparties and
cannot be broken down,

{e} A colourless gas that burns
to produce carbon dioxide
and water.

Reflecting

5. Look back to the Try This activity
in Getting Started. Are there any
changes you would make in your
answers?

_Lhallenge

The particle theary is a model
used 1o help explain matter.

How would you use this model

in the challenge you have
chosen?
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