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W. 10 Using ScienceWorld

§® Using ScienceWorld

ScienceWorld takes a constructivist approach to learning, helping students explore what they already
know, then building on that knowledge as they progress. This guide will show the key features of
ScienceWorld, and help you understand how best to use it in the classroom.

Each chapter starts with a Chapter
opening page containing an
engaging photo for discussion. It
shows the main content and skills to
be covered in that chapter.

Students’ prior knowledge is
explored with a Get started activity,
each with an Explore, Question or
Imagine task that introduces the
chapter topic.
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Each chapter is broken into sections focusing on certain aspects Activities are dispersed
of theory and skills covered. ScienceWorld uses engaging photos, throughout each section
illustrations, cartoons and contexts to make science accessible to reinforce concepts and
to all students. provide hands-on learning

opportunities for each lesson.

Explore online boxes
provide opportunity for wider
research.
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NVESTIGATION 3.1 . What is the precipitate?
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Investigations provide
opportunities for students to
apply Science Inquiry skills
while exploring key concepts.
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Science as a human
endeavour features bring
science to life, putting science
in context historically, for
today and for the future. These
features include activities that
allow students to understand
the nature and context of
science and to imagine the
future.

ISBN 978 1 4202 3838 9

Experiments allow students to
design their own experiments
and inventions. Students
explore and apply science

skills and method while

solving problems. This allows
students to discover and engage
with science concepts for
themselves.

Skillbuilders teach key
skills explicitly, supporting
a clear progression of skill
development throughout
the book.
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Check questions review
students’ understanding of
concepts for each section.

Challenge questions provide
an opportunity for students

to apply their knowledge and
skills in context, and challenge
students to think at a higher
level.
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Explore sections allow students
to create, invent and inquire
into concepts learnt throughout
the chapters.

Sw.lo Western Austialin Curioolam

Mole calculations
What is a mole?

Extra for experts features
provide opportunities for
students to engage at a
higher level, to challenge
their scientific thinking and
understanding.

vi

Each chapter ends with a Main ideas cloze exercise to test
students’ understanding of the key chapter concepts through
comprehension.

The Chapter review then provides an opportunity for
students to revise key science knowledge and skills developed
through each chapter.
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Foreword

As you probably know, I’m mad about science. Every day I learn something new about the world
around me—dark matter and dark energy, living creatures of all shapes and sizes, the amazing
irrationalities and untapped abilities of our human brain, etc. My Great Moments in Science radio
series/podcast is one way in which I explore these things and try to make them easier for people
to understand. In this book you will explore all these things and learn how to think scientifically,
asking questions about the world and imagining new solutions to these questions.

Doing science can lead to so many different and fascinating careers where you can design
intelligent robots, use giant telescopes in space, produce food in a world where global warming is
real, or go as an astronaut to planet Mars! It’s fun to apply your knowledge of science to the real
world and let your imagination run riot. After all, it’s not the answer that gets you the Nobel Prize,
it’s the question. You could be the next Elizabeth Blackburn who won a Nobel Prize for her work on
the telomere—a previously unexplored section of the human chromosome that gives us new and
deep insights into ageing.

And remember the words of Richard Feynman, ‘Science is a way of trying not to fool yourself’ ...

Dr Karl

ISBN 978 1 4202 3838 9
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b Links to the Western Australian Curriculum

This scope and sequence provides an overview of how ScienceWorld 10 covers the Western Australian
Curriculum. The focus is on the Science Understanding strand, although only some of the Science as
a Human Endeavour content and elaborations are covered in this version of the scope and sequence.
Included online in the teacher support are curriculum scope and sequence guides that detail how
ScienceWorld covers the Western Australian Curriculum content descriptions across all four books,
and these also include a full mapping of the Science as a Human Endeavour sub-strand, and the
Science Inquiry Skills.

Abbreviations:

SHE: Science as a Human Endeavour
BS: Biological Sciences

CS: Chemical Sciences

ESS: Earth and Space Sciences

PS: Physical Sciences

ScienceWorld 10

Chapter and Unit titles Science Understanding Elaborations

Chemical sciences

1.1 The periodic table CS: The atomic structure and properties of elements are | « recognising that elements in the same group of the periodic
used to organise them in the Periodic Table (ACSSU186) table have similar properties
+ describing the structure of atoms in terms of electron shells
+explaining how the electronic structure of an atom determines
its position in the periodic table and its properties
1.2 Metals CS: The atomic structure and properties of elements + investigating the chemical activity of metals
are used to organise them in the Periodic Table
(ACSSU186)
CS: Different types of chemical reactions are used to + investigating how chemistry can be used to produce a
produce a range of products and can occur at different range of useful substances such as fuels, metals and
rates (ACSSU187) pharmaceuticals
+ using word or symbol equations to represent chemical
reactions
1.3 Non-metals CS: The atomic structure and properties of elements + recognising that elements in the same group of the periodic
are used to organise them in the Periodic Table table have similar properties
(ACSSU186)
2.1 Chemical bonds CS: Different types of chemical reactions are used to
produce a range of products and can occur at different
rates (ACSSU187)
2.2 Formulas and equations CS: Different types of chemical reactions are used to + using word or symbol equations to represent chemical
produce a range of products and can occur at different reactions
rates (ACSSU187) + modelling chemical reactions in terms of rearrangement
of atoms
2.3 Classifying chemical CS: Different types of chemical reactions are used to + using word or symbol equations to represent chemical
reactions produce a range of products and can occur at different reactions
rates (ACSSU187)

viii ISBN 978 1 4202 3838 9
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3.1 Predicting a reaction

CS: Different types of chemical reactions are used to
produce a range of products and can occur at different
rates (ACSSU187)

+ predicting the products of different types of simple chemical
reactions

+ using word or symbol equations to represent chemical
reactions

3.2 Reaction rates

CS: Different types of chemical reactions are used to
produce a range of products and can occur at different
rates (ACSSU187)

+ investigating the effect of a range of factors, such as
temperature and catalysts, on the rate of chemical reactions

3.3 Energy and mass in

CS: Different types of chemical reactions are used to

+ considering the role of energy in chemical reactions

4.1 Speed and acceleration

reactions produce a range of products and can occur at different |« recognising that the conservation of mass in a chemical
rates (ACSSU187) reaction can be demonstrated by simple chemical equations
+ investigating a range of different reactions to classify them as
exothermic or endothermic
Physical sciences

PS: The motion of objects can be described and
predicted using the laws of physics (ACSSU229)

+ recognising that a stationary object, or a moving object with
constant motion, has balanced forces acting on it

+ gathering data to analyse everyday motions produced by
forces, such as measurements of distance and time, speed,
force, mass and acceleration

5.1 Getting into space

4.2 Stopping PS: The motion of objects can be described and + gathering data to analyse everyday motions produced by
predicted using the laws of physics (ACSSU229) forces, such as measurements of distance and time, speed,
force, mass and acceleration
4.3 Collisions PS: The motion of objects can be described and + using Newton's Second Law to predict how a force affects the

predicted using the laws of physics (ACSSU229)

PS: Energy conservation in a system can be explained
by describing energy transfers and transformations
(ACSSU190)

PS: The motion of objects can be described and
predicted using the laws of physics (ACSSU229)

movement of an object

+ recognising that the Law of Conservation of Energy explains
that total energy is maintained in energy transfers and
transformations

+ recognising that in energy transfer and transformation, a
variety of processes can occur, so that the usable energy is
reduced and the system is not 100% efficient

+ comparing energy changes in interactions such as car
crashes, the motion of pendulums, lifting and dropping

recognising and applying Newton's Third Law to describe the
effects of interactions between two objects

5.2 Orbiting the Earth

PS: The motion of objects can be described and
predicted using the laws of physics (ACSSU229)

+ gathering data to analyse everyday motions produced by
forces, such as measurements of distance and time, speed,
force, mass and acceleration

5.3 Living in space

6.1 Electrical safety

SHE: People use scientific knowledge to evaluate
whether they accept claims, explanations or
predictions, and advances in science can affect people’s
lives, including generating new career opportunities
(ACSHE194)

SHE: Values and needs of contemporary society can
influence the focus of scientific research (ACSHE230)

PS: Energy conservation in a system can be explained
by describing energy transfers and transformations
(ACSSU190)

+ recognising that the study of the universe and the exploration
of space involve teams of specialists from the different
branches of science, engineering and technology

+ recognising that financial backing from governments
or commercial organisations is required for scientific
developments and that this can determine what research is
carried out

investigating series and parallel circuits
+ identifying electrical safety devices in the home

6.2 Measuring electricity

PS: Energy conservation in a system can be explained
by describing energy transfers and transformations
(ACSSU190)

+ measuring current and voltage in electric circuits

6.3 Where does electricity
come from?

PS: Energy conservation in a system can be explained
by describing energy transfers and transformations
(ACSSU190)

+ describing how electric generators and motors work

ISBN 978 1 4202 3838 9
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Biological sciences

7.1 DNA

BS: Transmission of heritable characteristics from
one generation to the next involves DNA and genes
(ACSSU184)

+ recognising the role of DNA as the blueprint for controlling
the characteristics of organisms

+ using models and diagrams to represent the relationship
between DNA, genes and chromosomes

+ describing mutations as changes in DNA or chromosomes
and outlining the factors that contribute to causing
mutations

7.2 Chromosomes

BS: Transmission of heritable characteristics from
one generation to the next involves DNA and genes
(ACSSU184)

+ recognising that genetic information passed on to offspring is
from both parents by meiosis and fertilisation

7.3 Dominant and recessive

8.1 Biodiversity and variation

BS: Transmission of heritable characteristics from
one generation to the next involves DNA and genes
(ACSSU184)

BS: The theory of evolution by natural selection explains
the diversity of living things and is supported by a range
of scientific evidence (ACSSU185)

+ representing patterns of inheritance of a simple dominant/
recessive characteristic through generations of a family

+ predicting simple ratios of offspring genotypes and
phenotypes in crosses involving dominant/recessive gene
pairs or in genes that are sex-linked

+ describing biodiversity as a function of evolution

8.2 Natural selection

BS: The theory of evolution by natural selection explains
the diversity of living things and is supported by a range
of scientific evidence (ACSSU185)

+ outlining processes involved in natural selection including
variation, isolation and selection

+ investigating changes caused by natural selection in a
particular population as a result of a specified selection
pressure such as artificial selection in breeding for desired
characteristics

8.3 Evolution BS: The theory of evolution by natural selection explains | + evaluating and interpreting evidence for evolution, including
the diversity of living things and is supported by a range the fossil record, chemical and anatomical similarities, and
of scientific evidence (ACSSU185) geographical distribution of species

+ relating genetic characteristics to survival and reproduction
rates

8.4 Biotechnology BS: The theory of evolution by natural selection explains | + investigating changes caused by natural selection in a

the diversity of living things and is supported by a range
of scientific evidence (ACSSU185)

SHE: Advances in scientific understanding often rely
on developments in technology and technological
advances are often linked to scientific discoveries
(ACSHE192)

particular population as a result of a specified selection
pressure such as artificial selection in breeding for desired
characteristics

+ recognising that the development of fast computers has made
possible the analysis of DNA sequencing, radio astronomy
signals and other data

Earth and space sciences

9.1 The Earth's cycles

ESS: Global systems, including the carbon cycle, rely
on interactions involving the atmosphere, biosphere,
hydrosphere and lithosphere (ACSSU189)

+ modelling a cycle such as the water, carbon, nitrogen or
phosphorus cycle within the biosphere

9.2 Effects of human activity

ESS: Global systems, including the carbon cycle, rely
on interactions involving the atmosphere, biosphere,
hydrosphere and lithosphere (ACSSU189)

+ investigating how human activity affects global systems

9.3 The atmosphere

ESS: Global systems, including the carbon cycle, rely
on interactions involving the atmosphere, biosphere,
hydrosphere and lithosphere (ACSSU189)

+ investigating how human activity affects global systems
+ explaining the causes and effect of the greenhouse effect

+ investigating the effect of climate change on sea levels
and biodiversity

ISBN 978 1 4202 3838 9
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10 Origin of the universe

10.1 The night sky ESS: The universe contains features including galaxies, | + describing how the evolution of the universe, including the
stars and solar systems, and the Big Bang theory formation of galaxies and stars, has continued since the
can be used to explain the origin of the universe Big Bang
(ACSSU188)

10.2 Stars and galaxies ESS: The universe contains features including galaxies, | « describing how the evolution of the universe, including the
stars and solar systems, and the Big Bang theory formation of galaxies and stars, has continued since the
can be used to explain the origin of the universe Big Bang
(ACSSU188)

10.3 Life cycle of stars ESS: The universe contains features including galaxies, | « describing how the evolution of the universe, including the
stars and solar systems, and the Big Bang theory formation of galaxies and stars, has continued since the
can be used to explain the origin of the universe Big Bang
(ACSsu188) + recognising that the age of the universe can be derived using

knowledge of the Big Bang theory

+ identifying the evidence supporting the Big Bang theory,
such as Edwin Hubble's observations and the detection of
microwave radiation

Options

11.1 Carbon compounds CS: Different types of chemical reactions are used to + using word or symbol equations to represent chemical
produce a range of products and can occur at different reactions
rates (ACSSU187)

11.2 Plastics and fibres CS: Different types of chemical reactions are used to + investigating how chemistry can be used to produce a
produce a range of products and can occur at different range of useful substances such as fuels, metals and
rates (ACSSU187) pharmaceuticals

+ using word or symbol equations to represent chemical
reactions

11.3 Carbon in fuels CS: Different types of chemical reactions are used to + investigating how chemistry can be used to produce a
produce a range of products and can occur at different range of useful substances such as fuels, metals and
rates (ACSSU187) pharmaceuticals

12.1 What is psychology?

12.2 Memory

12.3 Behaviour

12.4 Research methods in SIS: Formulate questions or hypotheses that can be + formulating questions that can be investigated within the
psychology investigated scientifically (ACSIS198) scope of the classroom or field with available resources

ISBN 978 1 4202 3838 9 xi
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Online resources

Throughout this book you will find links to activities and video or audio files. The activities are for

students to practise key skills, or to reinforce learning on key concepts. Activities vary in type and

include crosswords, matching, drag and drop, labelling, multiple choice, true and false, and

sequencing activities. Students can repeat these activities as revision and practise them at any time.
Each activity is scored and the teacher can review student progress in the digital mark book.

In ScienceWorld 10 there are approximately 80 activities.
When one or more activities are available, you will find an icon on the page of the book where it is

most relevant to learning.

Ell’ Digital activit
@ ) Digital activity

‘I3 Audio or video material

We hope you enjoy using these activities to improve learning outcomes.

Satellites

In 1957, the Soviet Union
launched the world’s first
satellite, Sputnik 1. Since then,
about 6600 satellites from more
than 40 countries have been
launched into space on rockets.
Many of these no longer operate
and have become ‘space junk’.

Satellites take pictures
of the planet to help
meteorologists predict the
weather and track cyclones.
Other satellites are used mainly
for communications, such as
beaming TV signals and phone
calls around the world. A group
of 20 or more satellites make up
the Global Positioning System
(GPS), so you always know
exactly where you are.

You can find out more about
satellites in Chapter 5, ‘Space
engineering’.

ISBN 978 1 4202 3838 9
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Transition Science 4 Which of Fhe four areas would you nged to
study environmental science? Explain.

ScienceWorld 10 is designed to help you make the 5 Whether or not you do science next year,
transition from the junior secondary school to the this book explores Science as a Human
senior secondary school. It will help you clarify Endeavour. [t contains many ideas and
the ideas you have about science subjects that issues that you will hear about in the news
you may study in Year 11. If you are not sure what and discuss with others. For instance:
senior biology, chemistry and physics are like, the « solar cars (page 165)
chapters in this book will give you some idea. « gene technology and cloning (Chapter 8)

Work in small groups to discuss these « what to do about rising levels of CO, in
questions. the atmosphere (Chapter 9)
1 To solve everyday problems you often need e cosmic catastrophes such as a meteorite

to use Science Inquiry Skills. What does crashing into the Earth (page 269).

this mean? o o Do you think that science can solve all our
2 Youuse science inquiry skills in the four problems? Explain.

areas of science below. Check the contents

list on page iii. Which are the Physical

sciences chapters? Which ones are Biological

sciences? Which are Chemical sciences? And o &\

which are Earth and space sciences? 7 ) O
3 Which of the four areas do you like best? Why? : / O : o

- A+ kov—> K\

Yeah, hi Dad. Er, I've got
some good news. The crumple
zones and air bags in your
new car work really well.

2 Chemistry

SNH2 @

HyOx H,PO,

&2 (g
)\

Chemical sciences or Chemistry is the study of matter, of
natural and processed materials. You study what substances
are made of and how they react with each other.

Physical sciences or Physics is the study of how objects,

from the very tiny to the very big, behave.
_ Earth science is called Geology,

and Space science is
called Astronomy.

No way am I gonna
grow up to be like
my father

Biological
sciences or
Biology is the
study of life
and living
things.

ISBN 978 1 4202 3838 9




Science Understanding

> recognise that elements in the same
group of the periodic table have
similar properties

> use diagrams to describe the
structure of atoms in terms of
electron shells

> understand how the electronic
structure of an atom determines its
properties and its position in the
periodic table

> test the chemical properties of metals
and arrange them in order of their L - | ‘
chemical activity

> predict the impact of future
applications of buckyballs and carbon
nanotubes on people’s lives

Science Inquiry Skills

> carefully follow a series of steps
to extract copper from an ore, and
evaluate your method

o
L
[
o
<<
L
o
&
L
[
=

R o e o

2 ISBN 978 1 4202 3838 9



The periodic table

\@ GET STARTED: QUESTION Which metals do not melt until the temperature is

above 1000 °C?

s there a relationship between percentage abundance
Use the table below to answer these questions about the and cost? Explain your answer.

physical properties of metals. Suggest why bridges are made from steel (iron) rather
1 Which is the strongest metal? than aluminium.
2 Which is more dense—iron or copper? Which would be the best metal to make a spacecraft

3 Which are the two rarest metals listed in the table? to explore the surface of Venus, where the
temperature varies from 450 °C to 1000 °C?

copper nugget

Percentage

Approximate cost Density Melting Strength

Symbol aEI;l:'t'::'lt;ﬁs';‘ ($/kg) (g/cm3) point (°C) (x 106 N/m2)

aluminium 8.1

copper 0.007

gold 0.0000005

iron 5.0

lead 0.002

silver 0.0000004

tin 0.0004

titanium i 0.6

zinc

ISBN 978 1 4202 3838 9 3
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Periodic table of the elements

Periodic table of the elements

Elements in the same vertical column have similar properties
Group 1

Period [4 . Key The colour of the
1 H 2{?;1;; name for each element
Hydrogen indicates its state at
AL symbol room temperature:
name of element black—solid
2 relative atomic mass blue—liquid
pink—gas
Elements in red are
synthetic.
3
3 4 5 6 7 8 9
21 22 23 24 25 26 27
4 Sc Ti \") Cr Mn Fe Co
Scandium Titanium Vanadium Chromium | Manganese Iron Cobalt
44.96 47.87 50.94 52.00 54.94 55.85 58.93
39 40 41 42 43 44 45
5 Y Zr Nb Mo Tc Ru Rh
Yttrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhodium
88.91 91.22 92.91 95.95 (97) 101.1 102.9
72 73 74 75 76 77
6 Hf Ta w Re Os Ir
Hafnium Tantalum Tungsten Rhenium Osmium Iridium
178.5 180.9 183.8 186.2 190.2 192.2
104 105 106 107 108 109
7 Rf Db Sg Bh Hs Mt
Rutherfordium| Dubnium Seaborgium Bohrium Hassium Meitnerium
(267) (270) (269) (270) (270) (278)
57 58 59 60 61 62
La Ce Pr Nd Pm Sm
o Lanthanum Cerium Praseodymium| Neodymium | Promethium | Samarium
For a lighthearted look at 138.9 140.1 140.9 144.2 (145) 150.4
the periodic table, follow 89 90 91 92 93 94
the links to The elements. / Ac Th Pa U Np Pu
Actinium Thorium Protactinium | Uranium Neptunium | Plutonium
(227) 232.0 231.0 238.0 (237) (244)
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The periodic table

Chemical families

Alkali metals

Alkaline earth metals

Atomic number and relative atomic mass

Each element in the periodic table has two numbers assigned to it. The

atomic number tells you the number of protons, and the relative atomic mass
(sometimes referred to as the atomic weight) tells you the relative mass of an
atom of that element. The atomic mass is calculated by taking the average
mass of the isotopes of the element. Carbon has a relative mass of 12.01, while

hydrogen has a relative mass of 1.008. That means that an atom of hydrogen

weighs about 1/12th of what an atom of carbon weighs.

|:| Transition metals 18
[] Rare earth metals 2
He
|:| Other metals Helium
9 10
h - |
[[] Other non-metals . .
|:| Halogens Fluorine Neon
19.00 20.18
|:| Noble gases
13 17 18
Al Cl Ar
Aluminium Chlorine Argon
10 11 12 26.98 35.45 39.95
28 29 30 31 35 36
Ni Cu Zn Ga Br Kr
Nickel Copper Zinc Gallium Bromine Krypton
58.69 63.55 65.38 69.72 79.90 83.80
46 47 48 49 50 53 54
Pd Ag Cd In Sn 1 Xe
Palladium Silver Cadmium Indium Tin lodine Xenon
106.4 107.9 112.4 114.8 118.7 126.9 1313
78 79 80 81 82 83 85 86
Pt Au Hg TI Pb Bi At Rn
Platinum Gold Mercury Thallium Lead Bismuth Astatine Radon
195.1 197.0 200.6 204.4 207.2 209.0 (210) (222)
110 111 112 113 114 115 116 117 118
Ds Rg Cn Nh Fl Mc Lv Ts Og
Darmstadtium | Roentgenium | Copernicium | Nihonium Flerovium Moscovium | Livermorium | Tennessine | Oganesson
(281) (281) (285) (286) (289) (288) (293) (293) (294)
63 64 65 66 67 68 69 70 71
Eu Gd Tb Dy Ho Er Tm Yb Lu
Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
95 96 97 98 929 100 101 102 103
Am Cm Bk Cf Es Fm Md No Lr
Americium Curium Berkelium | Californium | Einsteinium Fermium |Mendelevium| Nobelium | Lawrencium
(243) (247) (247) (251) (252) (257) (258) (259) (262)
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1.1 The periodic table

Imagine searching through lists of unsorted
albums looking for the latest album of your
favourite artist. Such a task could take days.
Fortunately music apps arrange their albums

in separate sections. They then divide each of
these groups into smaller groups according to the
type of music; for example, rock, popular, jazz
and classical. Artists within each group are then
arranged alphabetically.

Scientists have a problem similar to that of
the music app owner. There are over 100 different
elements, each with different physical and
chemical properties. However, some of these
elements have similar properties. For example,
fluorine, chlorine, bromine and iodine all react
very easily with metals. Groups of elements with
similar properties are called families. Fluorine,
chlorine, bromine and iodine are all in the same
family.

Mendeleev’s table

Over the years, chemists have tried many different
ways of classifying the elements. In 1869, Dmitri
Mendeleev (MEN-del-LAY~-if), a Russian chemist,
devised a classification system that, with some
changes, is still used today. He made a card for
each element, with its name, atomic mass and
properties. He placed the cards in a row in order of
increasing atomic mass. Hydrogen has the lightest
atoms, so it was first. He then took from the row
of cards those elements whose properties were
similar to others before them in the row and placed
these cards in columns under the elements they
were similar to. In this way he built up a table like
a calendar. On a calendar the days of the month are
in order, but the dates for the same day of the week
are in the same vertical column. For example, on
the calendar in Figure 1.1, April 4, 11, 18 and 25 are
all Mondays. In Mendeleev’s table, elements in the
same family were in the same column.

Look at the left-hand blue column in the
table on page 4. This column contains lithium,
sodium and potassium, which all have similar
properties. The number above each element is its

10 11|12 | 13| 14| 15| 16
17 | 18 | 19 | 20 | 21 | 22 | 23
24 | 25 | 26 | 27 | 28 | 29 | 30

Figure 1.1 The periodic table is a bit like a calendar.

atomic number—the number of protons in the
nucleus, or the number of electrons surrounding
the nucleus. If you begin with lithium Li (atomic
number 3) and count eight elements to the right
you come back to sodium Na (atomic number 11).
Count another eight elements and you come to
potassium K. Mendeleev’s chart is called the
periodic table because it shows a periodic
(occurring at regular intervals) pattern in the
elements.

Mendeleev was so convinced of the periodic
properties of the elements that he left a few
empty spaces in his table. He felt that none of
the elements known at that time had the right
properties to belong in those spaces. Instead, he
predicted the existence of new elements with the
correct properties to fit the empty spaces. Years
later, his predictions were found to be correct
when these new elements were discovered.
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Figure 1.2 Mendeleev’s periodic table
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The periodic table

The modern periodic table

Elements that have similar properties appear

in the same part of the periodic table. Families

of elements are in the same vertical column,
called a group. For example, lithium, sodium and
potassium belong to Group 1. The horizontal rows
are called periods. The bottom two rows are so long
that elements 57—71 and 89—103 are normally
taken out and placed at the bottom so that the
table fits on one page.

The elements fall into two main groups—
metals and non-metals. Towards the right of the
periodic table you will see a red zigzag line. The
elements above and to the right of this line are
non-metals. The rest of the elements (about 80%
of them) are metals.

The metals on the left become more reactive
as you go down a group, and less reactive as you go
from left to right across the periods. So the most
reactive metal of all is francium (Fr) in the bottom
left-hand corner of the table. The non-metals
become less reactive as you go down a group, and
more reactive as you go from left to right across
the periods, except for the noble gases in Group
18. So the most reactive non-metal is fluorine (F)
in Group 17.

Elements next to the zigzag line are neither
metals nor non-metals. They are called metalloids
or semiconductors, because they are neither good
conductors of electricity nor good insulators.
Examples are boron, silicon, germanium and
arsenic, which are used to make diodes,
transistors and microchips for the electronics
industry.

You will notice that hydrogen is shown by
itself. This is because it behaves like a Group 1
metal in some situations and like a Group 17
non-metal in other situations.

Electron shells

The electrons moving around the nucleus of an
atom are not all the same. They have different
amounts of energy. The electrons nearest the
nucleus have least energy, while those furthest
away have most. Around the nucleus are
several different energy levels or electron shells.

ISBN 978 1 4202 3838 9

Use the internet to search for periodic table.
You will find many different periodic tables.
With most of these you can click on a
particular element to obtain information
about it. For one suitable website follow

the links to:

The Visual Elements Periodic Table

Choose an element and find information on it;
for example:

* when and how it was discovered
 its physical and chemical properties
e what it is used for

EXPLORE ONLINE ')

* how it was named

» what chemical family it belongs to.

one proton only
in nucleus

one electron
only in first
shell

Figure 1.3 A cutaway view of a hydrogen atom
(atomic number = 1), showing its nucleus and
spherical electron shell

The electrons can be anywhere on the surface
of these spherical shells. In the smallest atoms,
hydrogen and helium, there is just one small shell
close to the nucleus. Hydrogen (above) has one
electron and helium has two.

There is a limit to the number of electrons
each shell can hold. In the inner shell, there is
room for only two, so if the atom has any more
electrons they occupy a second shell, further
from the nucleus. This second shell can hold
up to eight electrons. The third shell can hold
up to 18 electrons.
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The electrons in the outer shell of an atom
are called the valence electrons. These electrons
are the most easily removed, and they determine
the chemical reactions of the element. Atoms
like neon (below), with a full outer shell, are very
stable and rarely react with other elements. This
is because it takes a lot of energy to add an extra
electron or take one away. They form Group 18 in
the periodic table—the noble gases.

both shells full

Figure 1.4 A neon atom (atomic number = 10)

Note that the periodic table group number is
related to the number of electrons in the outer shell.
For example, Group 18 elements have eight
electrons in their outer shell, except for helium,
which has two. Atoms such as sodium (below),
with one electron in their outer shell, are very
reactive because this electron is easily removed,
leaving the atom with a full outer shell. They form
Group 1—the alkali metals. All the metals in this
group have a valency of 1+.

Sodium atom
(atomic number = 11)

one electron only .
in third shell — 1 ° 1
first and second / ’ .
shells filled .
Figure 1.5 In chemical reactions a sodium atom tends to

lose its outer electron to form a Na* ion. For simplicity the
electron shells have been drawn in two dimensions.

Atoms such as chlorine, with seven electrons
in their outer shell, are one electron short of a
full shell. They are also very reactive because they
readily accept another electron to fill their outer
shell. They form Group 17—the halogens. All the
halogens have a valency of 1-.

When sodium reacts with chlorine to form
sodium chloride, the sodium atoms lose an
electron to form Na* ions, and the chlorine atoms
gain an electron to form Cl~ ions. In this way, both
sodium and chlorine have full outer shells. The
mutual attractive force between the positive and
negative ions is an ionic bond.

Chlorine atom °
(atomic number = 17)

seven electrons .
in third shell — >, | ° ! !
first and second S P
shells filled .

Figure 1.6 A chlorine atom tends to gain an electron to form
a Cl” ion with a full outer shell.

Carbon, in Group 14, has four electrons in its
outer shell and therefore has a valency of 4. See
Figure 1.7. Rather than losing or gaining electrons
to form ions, it shares electrons to form covalent
bonds. When carbon reacts with hydrogen, it can
form four of these bonds, giving it a full outer
shell of eight electrons. Hence the compound CH,,
(methane) is formed.

Carbon atom
(atomic number = 6)

second shell —,
first shell full .

Figure 1.7 Carbon has 4 electrons in its outer shell and can
therefore form 4 covalent bonds.
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The periodic table

;

The diagrams of electron shells have shown that
electrons occupy different energy levels. As we see an
increase in the atomic number of an element, we see
an increase in the number of electrons, and so an
increase in the number of electron shells. Rather than
having to draw the structure to show the arrangement
of electrons within an atom, we can use a shorthand
notation called the electron configuration.

Oxygen has an atomic number of 8, meaning that
in total it has eight protons and, when neutral, eight
electrons. The first two electrons fill the first shell, with
the remaining six occupying the second shell. We can
therefore write the electron configuration for oxygen
as 2, 6. This shows the number of electrons in
each shell.

Oxygen atom
(atomic number = 8)

Electron configuration: 2, 6

Argon, being a noble gas, has a full outer electron
shell, which is why it is unreactive. The diagram shows
how many electrons are in each shell and the electron
configuration is 2, 8, 8.

Argon atom
(atomic number = 18)

Electron configuration: 2, 8, 8

You can work out the electron configuration of
elements by observing their location in the periodic table.
Argon is located in period 3, and so has 3 energy levels.
Because it is in group 18 it has eight valence electrons,
or eight electrons in its outer shell. This is reflected in its
electron configuration.

1 Complete the table below. The first one has been
done for you.

2 Find elements in the same group as each of the five
elements in the table.

Element name Symbol Period Group Electron configuration
Calcium Ca 4 2 2,8,8,2
Lithium
Phosphorous
Neon
Nitrogen
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For most of these exercises you will need to refer
to the periodic table on pages 4 and 5.

1

What does the atomic number of an element
tell you?

What is the atomic number of these elements?

a hydrogen
c copper

b carbon

d uranium

Roughly sketch the periodic table. On it show

where you would find:

a metals and non-metals

b the noble gases, the alkali metals, the
halogens and the transition metals.

Which of the following elements are metals?
carbon helium radium silicon
sodium sulfur titanium tungsten

Use the periodic table to find at least three
elements named after countries and at least
three named after scientists.

Which would be more reactive:
magnesium or barium?
sodium or magnesium?
carbon or oxygen?
fluorine or chlorine?

Write a paragraph explaining how the periodic table is
useful to scientists.

Scientists have been trying to make a new element
with atomic number 119. Predict which elements it
would be similar to.

Imagine that you have to learn the names of the first
10 or 20 elements. Design a mnemonic to help you
remember. (A mnemonic is a sentence, sentences
or a rhyme to help you remember facts; for example,
My Very Educated Mother Just Served Us Nachos
refers to the eight planets in the solar system.)

Copy and complete the table on the top right for the
first 20 elements in the periodic table, showing how
the electrons are arranged. For each atom draw the
electron shells as on the previous page.
Which of the first 20 elements have one electron
only in their outer shell? Which group is this in the
periodic table?

10

11

Find calcium (atomic number 20) in the
periodic table. Name three elements that are
in the same family as calcium.

At room temperature, which of the
non-metals are gases? Which are solids
and which are liquids?

List the elements from Group 14 in order of
atomic number, and state whether each is a
metal, non-metal or metalloid.

Use the periodic table to decide which three of
the following elements have similar properties:
aluminium, barium, calcium, chlorine, iron,
magnesium, xenon.

Explain the difference between a period and a
group in the periodic table.

What are valence electrons? How can they
explain the different chemical properties of
the elements?

Elements

Number of electrons in

first third | fourth
shell shell | shell

Atomic

number second

shell

hydrogen 1 1

helium 2 2

lithium 3 2 1

Which elements need only one electron to fill
their outer shell? Which group is this? What is
their valency?

Which elements have full outer shells? Which
group do they belong to?
How many hydrogen atoms does oxygen need

to react with to give it a full outer shell? Write the
formula for the compound formed.

When nitrogen reacts with hydrogen, predict the
formula of the compound formed.

Which two elements have properties similar to
beryllium? How do you know?

Magnesium reacts with chlorine to form
magnesium chloride. What is the formula for
this compound?

ISBN 978 1 4202 3838 9



1.2 Metals

Metals have many properties in common. They
are all good conductors of heat and electricity.
They are malleable, meaning they can be pressed
or bent into different shapes. For example, silver
bars can be hammered into jewellery. Most metals
also have what is called a metallic lustre or shine.
These properties of metals can be explained in
terms of their structure.

Metals conduct heat and
electricity

The atoms in a metal are packed in a regular
three-dimensional pattern called a lattice. The
electrons are not firmly bound to the nuclei and
can move freely in the spaces between the atoms.
This is why metals conduct heat and electricity.

negatively charged

positively
electrons

charged ions

©
‘9.0 0 0:
(]
©00 ‘\"
® 7
(] N
©
© 00 0.
(]
()
Figure 1.8 A metallic lattice

Metals are malleable

Metals can be rolled into thin sheets. This is
because the layers of atoms can slide over each
other and the free electrons can easily move into
new positions.

piece

of metal >
thin sheet
of metal

Figure 1.9 Metals can be shaped because they are malleable.
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CH-
The periodic table
Alloys

An alloy is a mixture of two or more different
metals made by mixing the molten metals
together, and then allowing them to cool and
solidify. For example, ‘silver’ coins are made from
an alloy containing 75% copper and 25% nickel.
Brass is an alloy of copper (70%) and zinc (30%).
Because the zinc atoms are similar in size to the
copper atoms, they can take the place of copper

atoms in the lattice.
copper
atom
~zinc

Figure 1.10 An alloy of copper and zinc

In some alloys the atoms are different sizes.
For example, steel is an alloy of iron and traces of
carbon. In this case the carbon atoms are much
smaller than the iron atoms and they fit into the

gaps in the lattice.
@ iron

atom

carbon
atom

Figure 1.11 Steel is an alloy of iron with smaller carbon atoms.

Because gold is a soft metal, other metals
such as silver and copper are added to it to make
it harder; and the addition of copper produces a
more orange colour (rose gold). The proportion
of gold is expressed in terms of carats. Most rings
and bracelets are 18 carat or 9 carat gold.

Carats 22 18 14 9

91.7 | 75 | 58.5 | 37.5

Percentage gold

11
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AQ Metal properties

Aim
To test the chemical properties of metals and
arrange them in the order of their chemical activity.

Materials

+ small samples of various metals,
e.g. aluminium, magnesium, lead,
copper, tin, zinc, iron, silver

+ steel wool or emery paper

+ dilute hydrochloric acid (1 M)
in a dropper bottle

+  test tubes (in test tube rack)

+ zinc sulfate solution (saturated)

+ copper sulfate solution (saturated)

+ ammeter or multimeter

+ power pack

* 4 connecting wires

+  switch

Risk assessment and planning
+ Do arisk assessment for this investigation.
What safety precautions will be necessary?

*+ Prepare a data table to record all your
observations.

Method
Part A: Reactions with acid

1 \7 Observe each of the metal
samples. Which are tarnished (not shiny)?

SAFETY GLASSES
MUST BE WORN

2 Clean each sample with steel wool. Then put
the samples in labelled test tubes.

3 Add 5 drops of dilute hydrochloric acid to each
metal.

-,
£/ Record the rate at which bubbles of gas are
formed: fast, medium, slow or no reaction.

4 Clean out the test tubes and wash the
remaining metal samples in water. Keep them
for Part C.

Part B: Reactions with metal solutions
1 Put about 5 mL of zinc sulfate in each tube.

2 Add a metal sample to each and leave for

3-5 minutes.

_ . .
£/ Record any reactions that occur. A reaction
may be indicated by a dark deposit on the
metal. If the metal remains shiny, you can infer
there has been no reaction.

Wash and clean the metal samples. Then repeat
steps 1 and 2 using copper sulfate.

-
£/ Again record your results.

Discussion

1

What usually happens when you add dilute
hydrochloric acid to a metal?

Which metals reacted with:

a all three test solutions (hydrochloric acid,
zinc sulfate and copper sulfate)?

b two solutions only?

¢ one solution only?

d none of the solutions?

Put the metals in order from the most reactive
to the least reactive.

Suppose you wanted to make a metal tank to
hold copper sulfate solution. Which would be
the best metal to use? Why?

Part C: Conductivity

1

To test the electrical conductivity of the
samples, set up the electrical circuit shown.
Set the power pack on 6 volts DC.

For each sample, record the electric current that
flows.

e
</ Which metal would be best to use in
electrical wiring?
power pack

ammeter
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Reactive metals

The elements in Group 1 of the periodic table
(lithium, sodium, potassium, rubidium, caesium
and francium) are metals with similar properties.
Because they have a single electron in their outer
shell, they are very reactive and are never found
in nature as elements, only as ionic compounds.
Group 1 elements are called alkali metals because
they react with water to form alkaline solutions.
For example, sodium reacts violently with water
to form sodium hydroxide and hydrogen.

The alkaline earth metals in Group 2
have two electrons in their outer shell. They
are reactive, but not as reactive as the alkali
metals. They contain two of the most biologically
important metals: magnesium is found in
chlorophyll, and calcium is found in bones
and teeth.

e’ﬁ\

The periodic table

)

sodium + water — sodium hydroxide + hydrogen
2Na(s) + 2H,0(l) — 2NaOH(aq) + Ha(g)

Figure 1.12 Sodium reacts violently with water. Your teacher
may demonstrate this.

Alkaline earth metals

with water

Aim
To investigate the reactions of magnesium and
calcium with water.

Materials

« 2 testtubes, test tube holder and rack
+ Bunsen burner and heatproof mat

+ 5cm strip of magnesium

+ small sample of calcium

+ phenolphthalein

+ steel wool or emery paper

Risk assessment and planning

+ Do arisk assessment for this investigation.
What safety precautions will be necessary?

Method

1 Clean the magnesium strip with steel wool and
coil it around a pen.

2 Putthe coil in a test tube and cover it with water.

ISBN 978 1 4202 3838 9

3 Watch carefully over the next 5 minutes for any
sign of a chemical reaction. If nothing happens,
heat the tube gently over a small flame.

4 What happens when you add a drop of
phenolphthalein to the test tube?

5 Add a small piece of calcium to the second
test tube and cover it with water. Test the
gas given off with a lit match. Add a drop of
phenolphthalein.

-
£/ Record your observations.

Discussion
1 Which is more reactive—magnesium or calcium?

2 What was the gas produced when magnesium
and calcium reacted with water?

3 Why did the phenolphthalein change colour?

4 Write balanced equations for the reactions of
magnesium and calcium with water. See the
sodium reaction above.

13
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Transition metals

The metals in the middle of the periodic table

are called transition metals. They are hard

and have high melting points. The properties of
transition metals that are close together in the
periodic table are often very similar. This is why
they can be mixed to form alloys. Iron, cobalt and
nickel, which are in the same period, have similar
properties. For example, they are all magnetic.
Copper, silver and gold, which are in the same
group, also have similar properties. Metals near
the top of the table (for example, aluminium

and zinc) are generally more reactive than those
towards the bottom of the table (for example,
silver, gold and lead).

O\ ¢
9
Aim
To observe the characteristic flame

colours produced by metal salts.

SAFETY GLASSES

Materials MUST BE WORN

+  Petridish

+ piece of nichrome wire, about 10 cm long

+ wooden peg or test tube holder

+ Bunsen burner

+ saturated solutions of chlorides or
carbonates of the following metals:
barium, calcium, copper, potassium,
sodium, strontium

Risk assessment and planning

+ Read the investigation carefully and do a risk
assessment. Because the metal solutions are
toxic you should wash your hands thoroughly
after doing the investigation.
Your teacher may set up six different
‘stations’ around the laboratory with the

above materials and a different metal salt at
each station.

If the solutions are available in atomiser
bottles, you simply spray them into the
flame.

For step 6 you will need an unknown metal
salt to test.

Many of the compounds that transition
metals form with non-metals are coloured.
For example, copper sulfate is blue and iron(II)
chloride is green. This is why these compounds
are used to colour glass. Copper ions give a blue
colour, iron gives a green colour and gold gives
a red colour. Hair colour is also determined by
the presence of minute amounts of transition
metal compounds. Blond hair contains titanium
compounds, red hair contains iron compounds,
and dark hair contains a mixture of iron, copper
and cobalt compounds.

Metals give a characteristic colour to a flame,
as you can see in Investigation 1.3.

Flame colours

Method

1 Bend the end of the nichrome wire to form a
small loop. Hold the other end with a peg.

2 Light the burner and adjust to a hot flame.

3 Dip the wire into the solution of the metal salt in
a Petri dish.

4 Place the wire in the edge of the flame and

observe the colour.
flame

/colour

solution of
metal salt

5 Move to a new ‘station’ and repeat the procedure
with a different metal salt.

ﬁ Record the flame colours for the different
metals in a data table.

6 Now that you know the colour each metal
produces in a flame, your teacher will give you
an unknown metal salt. Test it and infer which
metal it contains.
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The periodic table

T 3345 Corrosion of iron

Research questions Discussion
1 You suspect that iron rusts faster if you are near 1 Use your results to answer research Question 1:
the coast where the air is salty. Is this true? does iron rust more rapidly in salt water? Are your

iable? ?
2 You have read that if iron is touching another results reliable? Should you do more tests?

metal, it rusts faster or slower, depending on the 2 What effect did the copper have on the rusting
metal. Is this true? of the nail? What effect did the magnesium
have?
Design your experiment 3 Write inferences to explain why copper and

1 Work in a small group to design an experiment magnesium affect the rusting of iron.
to answer the two questions above. Use the

diagram and the hints below as a guide. 4 Use your results to list the three metals (iron,

copper and magnesium) from most reactive
2 Write out the method for your experiment. Make to least reactive.

sure your tests are fair. Which variable will you

control? Which variable will you change? 5 |If you did the experiment again, could you

improve your method? Explain.

3 Make a list of the materials you will need. .
6 Can you suggest ways of extending your

4 Discuss how you are going to record your experiment? Suggest other questions you
observations. You could use a digital camera could investigate.
to record the corrosion of the nails.

5 Do arisk assessment for your experiment. Write your report

Write a full report of your experiment, using the
usual headings. In your conclusion, make sure
you answer the two research questions.

Hints

Use steel wool to clean the nails, copper and
magnesium thoroughly before you start. Applying what you have learnt

The copper and magnesium need to be in tight 1 Where would you expect iron to rust more
contact with the nail. rapidly—in a river or in the ocean? Explain.
It is best to continue the experiment for several days,
up to a week. You will need to put your experiment
where it will not be disturbed.

2 Predict what would happen if you used copper
screws in a steel boat in salt water. Explain
your prediction.

salt solution

= \4
N

3
/

\N

water —»

copper— — magnesium
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o Extracting metals
‘=" The pie chart below shows the main elements
T found in the Earth’s crust. As you can see, the

( | most common elements are the non-metals

LY oxygen and silicon. These two elements are often

combined as the compound silicon dioxide (SiO,),
found in sand and in rocks (as quartz).

magnesium (2.2%)
potassium (2.6%)
sodium (2.8%) \

\
calcium (3.6%) —-=

iron (5.0%) — &

aluminium (8.1%) ™|

all other metals and
non-metals (1.2%)

oxygen
(46.7%)

silicon
(27.8%)

Figure 1.13
The composition of
the Earth’s crust

Metals are usually found as compounds with
non-metals, although some unreactive metals
such as gold can be found as elements. The table
below lists some common metal compounds,
called minerals, that have formed within rock
formations. Iron, nickel, gold and copper are
abundant in Western Australia, and mining is an
industry that contributes to the WA economy.

In order to extract the metal from the mineral, a
number of processes are used, which are referred
to as metal extraction. The most common types
of metal extraction are described on the following
pages, with chemical equations showing the
reactions that occur.

Ore l Chemical composition Metal
extracted

bauxite aluminium oxide (Al,03) aluminium
chalcopyrite | copper iron sulfide (CuFeS;) | copper
galena lead sulfide (PhS) lead
gold found as element (Au) gold
haematite iron oxide (Fe203) iron
pitchblende | uranium oxide (U30g) uranium
rutile titanium oxide (Ti0,) titanium
sphalerite zinc sulfide (ZnS) zinc

Figure 1.14 Gold is usually found in its uncombined state.
This is the Poseidon nugget found in central Victoria in 1906.
It weighed 27 kilograms.

Smelting

Thousands of years ago humans managed to
extract metals without any idea of the chemical
reactions involved. The metals were probably
first extracted by accident, when rocks containing
the ore were thrown on a fire and the new metal
was observed the following day. From this,
early humans worked out that two things were
needed—heat and charcoal (carbon). Many metal
ores are oxides, and we now know that when a
metal oxide is heated with carbon, the oxide is
converted to the metal. At the same time the
carbon combines with the oxygen from the oxide
to form carbon dioxide. For example, lead is
extracted from lead oxide.
2PbO(s) + C(s) — 2Pb(s) + COy(g)

This process is called smelting and the metal
in the ore is said to be reduced, because it gains
electrons. Hence the extraction of a metal from
its ore is called reduction. The equation for the
reduction of lead ore is:

Pb?*(s) + 2e— — Pb(s)
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The blast furnace

The ore of iron is iron oxide (Fe,03). The iron can
be extracted in a blast furnace. In Australia there
are blast furnaces at Port Kembla in New South
Wales, Whyalla in South Australia and Kwinana in
Western Australia. A mixture of iron oxide, coke
(made from coal) and limestone is fed into the top
of the furnace. Very hot air is blasted in near the
bottom, causing the coke to burn and form the
gas carbon monoxide. The carbon monoxide then
reacts with the iron oxide, reducing it to iron.

2C(s) + O2(g) — 2CO(g)

Fe;O3(s) + 3CO(g) — 2Fe(s) + 3CO2lg)

The molten iron collects in the bottom of the
furnace, where it is tapped off from time to time,
as shown in Figure 1.15 below. Impurities in the
ore combine with the limestone to form slag,
which floats on the molten metal. The slag is
used as a road-surfacing material or in cement
manufacture. The molten iron is converted to
steel in another furnace.

iron ore,
coke and
limestone

gas out

blast
furnace

molten
iron

Figure 1.15 Smelting in a blast furnace
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Figure 1.16
Red-hot steel after
rolling the sheets

molten steel

cooling chamber

e

Rollers draw out the hot
metal as it solidifies.

Water is

sprayed

on the hot
metal.

o000

Figure 1.17 The red-hot steel is rolled into flat sheets and cut
into sheets or rolled up as in Figure 1.16.

Roasting copper

Copper can be extracted from its ore by ‘roasting’.
Chalcopyrite CuFeS, is converted to copper sulfide
Cu,S, which then reacts with oxygen, forming
copper metal and the gas sulfur dioxide.

CuzS(s) + O2(g) — 2Cu(s) + SO02(g)

In the past, copper producers built high
chimneys to release the poisonous sulfur dioxide
into the atmosphere. The high chimneys were
used to avoid producing dangerous levels of
the gas at ground level where people could be
affected. However, high levels of sulfur dioxide
in the atmosphere can lead to acid rain. For
this reason, environmental laws now require
producers to collect the sulfur dioxide and use it to
make sulfuric acid or fertiliser.

17
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Electrolysis

The copper from a copper smelter is only about
98% pure, but it can be made 99.9% pure by the
process of electrolysis (ee-lek-TROL-e-sis), in
which electricity is used to produce chemical
reactions. The impure copper is made into a
thick plate, which is connected to the positive
terminal of a power source. A thin plate of pure
copper is connected to the negative terminal.
Both plates are then placed in a bath of copper
sulfate solution and sulfuric acid. As the current
flows through this solution, the impure copper
dissolves and pure copper is deposited on the thin
plate in a reduction reaction.

Ccu?*(aq) + 2e~ — Cu(s)

The ‘mud’ that falls to the bottom of the bath
contains less reactive metals such as silver and
gold, which can be recovered. The process uses a
considerable amount of electricity, so the copper
refinery must be close to a source of abundant,
cheap power. This is why copper produced in the
smelter at Mount Isa in Queensland is shipped to
Townsville for refining.

More reactive metals such as aluminium and
magnesium cannot be extracted by smelting, but
can be obtained by electrolysis. For example, to
produce aluminium, the ore (aluminium oxide)
is melted and electricity passed through it.

impure copper pure copper

Pure
| copper
forms.
‘Mud’
contains
silver
and gold. 2= i J

copper sulfate + sulfuric acid

Figure 1.18 Purifying copper by electrolysis

Displacement

In Investigation 1.1 Part B (page 12), you put
magnesium in a copper sulfate solution. Did you
find that copper fell to the bottom of the test
tube? This reaction is called displacement, because
the more reactive magnesium displaced (pushed
out) the less reactive copper from the copper
sulfate solution. This method is used to extract
some metals. For example, titanium is displaced
from titanium chloride solution by adding
magnesium.

TiCly(aq) + 2Mg(s) — Ti(s) + 2MgCly(aq)

The titanium and the magnesium swap places.
The magnesium metal goes into the solution as
magnesium chloride, and the titanium comes
out of the solution as the metal.

You will need a test tube and test tube
rack, silver nitrate solution, 15—20 cm of
copper wire and a pen.

1 Three-quarters fill the
test tube with silver
nitrate solution. Be very
careful not to spill any
as it stains hands,
clothing and benches.

2 Twist the copper wire
around a pen to make a
spiral, with a bit left over
to make a hook. Put itin
the test tube, and hook it
over the lip of the tube.

3 Leave the test tube
in a dark cupboard
overnight. In the
morning observe what
has happened.

&
£/ What new substances
have been formed?

L&/ Write a word equation
for the reaction that has
occurred, then a balanced
symbol equation.
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Ro

Copper metal from

copper ore

Aim
To extract copper sulfate and copper metal from
a simulated ore.

Materials

+ copper ore made by mixing copper sulfate, sand
and plaster of Paris, adding water and allowing

&

it to set
+ balance
+ mortar and pestle
« 2 beakers or conical flasks
« filter funnel and stand
« filter paper

* burner, tripod and gauze

+ watch glass | \(l

+ hand lens

* spatula WEAR A LAB

+ sodium chloride

+ stirring rod

+ power pack

+ strips of lead and copper
+ 2 connecting wires

+ steel wool

Risk assessment and planning

This is a complex investigation that will take
several days. You will need to work carefully
so that you don't lose any copper.
In a group, describe what you will be doing
in each of the six steps shown in the flow
diagram on the right.
When will you need to weigh things?
What safety precautions will be necessary?

Method

1 CRUSH

a Use a balance to find
the mass of the ore
to start with.

b Crush the ore
thoroughly in a mortar
using a pestle (PES-el)
until it is a powder.

ISBN 978 1 4202 3838 9

SAFETY GLASSES
MUST BE WORN

COAT OR APRON

copper ore WEIGH
ﬁ_» waste solids

/

blue solution (copper sulfate)

i

copper sulfate crystals  WEIGH

-

copper metal WEIGH

2 DISSOLVE
Put the crushed ore in a beaker or flask. Add
enough water to dissolve it when you heat it for
5 minutes.

C
U What is the colour of the mixture?

3 FILTER

a Let the mixture cool for a few minutes
while the solid settles.

b Decant the mixture through filter paper in
a filter funnel. Keep as much of the solid as
possible in the beaker because it may clog
the filter paper. (A fluted filter paper is
faster.)
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waste solids

¢ Set up the electrolysis apparatus as shown
below, with the lead connected to the positive
terminal and the copper to the negative one.
d Set the power pack to 4 volts DC and turn
it on.

|~ copper
strip

filtrate
lead -
stip | —— copper s_ulfate
solution
\_/
¢ Rinse the solid left in the beaker with a
further 10 mL of water, and filter this rinse Lﬂ/ )
water as well. At which electrode is copper deposited?
U What is the colour of the filtrate? What U What happens at the other electrode?
|sihe filtrate? U What happens to the solution?
£/ What are the solids left in the filter paper? e When the solution is clear, or after
(Discard the filter paper and waste solids 15 minutes, switch the power pack off.
into a bin.) f Remove the copper strip, wash it and leave
it to dry. Then weigh it again.
o
4 CRYSTALLISE ) £/ Calculate the mass of copper deposited.
a Boil the copper sulfate filtrate until only a few . .
- ) (If there is any copper in the bottom of the
millilitres remain. Turn off the burner and leave
. beaker, you need to collect and weigh it too.)
the beaker until the crystals that form are dry. U
b Scrape all the crystals onto a watch glass Calculate the percentage of copper in
and weigh them. the copper ore you started with.
U Describe the copper sulfate crystals. Discussion
(Use a hand lens.) _ Suggest why the ore had to be crushed before
¢ Calculate your percentage yield as follows: any processing was done.
% yield = mass of copper sulfate x 100 2 Describe how the copper mineral was separated
mass of ore from the worthless material in steps 2 and 3.
5 DISSOLVE 3 Why was the solution boiled in step 4?
a Dissolve thfe f:opper sulfate |.n water. Stir to 4 Inwhich steps did the process need an input
make sure it is completely dissolved. of energy?
b Add a spatula of sodium chloride. This is to '
help the solution conduct electricity in the 5 Suggest a use for the waste solids from step 3.
next step. 6 How accurate do you think your percentage of

6 ELECTROLYSIS
a Thoroughly clean a strip of lead and a strip 7
of copper with steel wool.
b Weigh the copper strip.

copper is? Explain.

Could you improve your method to get a higher
percentage of copper? How?
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List four physical properties of metals. 7 Would you expect miners to find nuggets
. 5 ;
Explain the difference between a metal and an gr:?vfsr) off g sl sy Sl yeus

alloy, using a diagram.

Define the following terms, and then use each < Uty s 0 et eins GO Jor eoimbilues wiih e

. ; electrons?
term in a sentence:
a malleable 9 Write down at least three uses for copper.
: }Lasr:rseltlon el 10 Identify the substances that make up steel and

stainless steel. How do the physical properties
4 Identify from the periodic table the following of steel and stainless steel differ?
elements, writing their name and atomic number.
a the most reactive alkali metal
b avery unreactive transition metal used to
make water pipes
¢ atransition metal that reacts very slowly with
oxygen to form rust
d ametalloid that is highly poisonous

5 Aluminium is the most abundant metal in
the Earth's crust, but it is not the cheapest.
Suggest why.

6  Write a chemical equation for the smelting of
copper oxide using carbon. (See page 16.)

Alloying iron with carbon makes it harder. Explain this The graph below shows how the melting point

in terms of the structure of alloys. of solder (a tin—lead mixture) changes as its
w Explain the following properties of metals in terms of composition changes. A 60% tin mixture gives the
) their structure: lowest melting point. If the percentage of tin is
= high melting point lower or higher than this, the solder has a higher
5 high densitg P melting point.
| g - y ) What would be the approximate melting point of
< malleability (can be rolled into sheets) an alloy of composition 25% tin and 75% lead?
E Describe in your own words three trends you have What are the possible compositions for a solder

learnt about in the periodic table. For example, what

- with a melting point of 200 °C?
happens to the reactivity of metals as you move from

left to right? Melti .
elting points of

The transition metal copper forms two different tin-lead alloys
ions: Cu(l) and Cu(ll). Write the chemical formula o 400
for copper(l) sulfate, and copper(ll) sulfate. © 300
The transition metal iron can exist as Fe(ll) or Fe(lll). 2
Write the chemical formula for the two versions of ug_ 200
iron oxide that could be formed. g 170 °C

F 100} 60% tin g

1 1 1 1 1 1 1 1 1
100% tin < 50% 0
0 50% > 100% lead
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1.3 Non-metals

The non-metals are on the right of the periodic
table. Many are gases at room temperature.

The elements in Group 17 (fluorine, chlorine,
bromine, iodine and astatine) are called the
halogens. Because they have a vacancy of one

in their outer shell they have a valency of 1—.
They are very reactive and form salts when they
combine with metals. (The word ‘halogen’ means
‘salt former’.) For example, chlorine reacts with
sodium metal to form sodium chloride.

sodium + chlorine — sodium chloride Figure 1.19 The red tubes in this sign contain the noble gas
2Na(s) + Cly(g) — 2NaCl(s) neon. The green, yellow and blue tubes contain argon.

The elements in Group 18 have a full outer As you move to the left in the periodic table,
electron shell. They are called the inert gases or the non-metals tend to form a greater number
noble gases because they do not react with other of covalent bonds. For example, molecules of
‘common’ elements. Helium is used to fill balloons ~ white phosphorus (P4) consist of four phosphorus
and mixed with oxygen for divers’ tanks. Neon is atoms at the corners of a tetrahedron; and sulfur
used in neon signs and lasers because it gives a molecules (Sg) consist of eight atoms in a chair-
coloured light. Argon is used in light bulbs and in shaped ring.

welding to provide an unreactive environment.
The noble gases are so unreactive that they
do not even react with themselves. They are said
to be monatomic because they consist of single
atoms. The other non-metal gases form diatomic
molecules, each consisting of a pair of atoms

linked by a covalent bond; for example, hydrogen phosphorus P sulfur Ss

Ho, n.itrogen N>, oxygen O, chlorine Cl, and Figure 1.20 As you move to the left in the periodic table,

fluorine F. the non-metals form a greater number of covalent bonds.
chlorine (gas) bromine (liquid) iodine (solid)

PR
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@ Allotropes of carbon

“O Some non-metals exist in different forms called
allotropes. For example, oxygen can exist as O, or
as O3 (ozone), whose properties are quite different
from those of O,. Similarly, carbon can exist as
diamond, graphite or charcoal (soot). Diamond is
the world’s hardest substance—tough, brilliantly
clear and sparkling, and unaffected by heat below
700°C. In contrast, graphite is a soft, grey, flaky
material with a greasy feel. It is used as the ‘lead’
in pencils. Diamond and graphite are both made of
carbon atoms, but their structures are different.

There are no individual molecules in diamond
or graphite. Instead they both consist of atoms
covalently bonded to each other in a network
lattice. In the diamond network each atom is
linked to four others in an infinitely interlocking
tetrahedral structure. It is this tight structure that
makes diamond so hard.

In graphite, however, the atoms are arranged
in layers, like sheets of hexagonal tiles. Each atom
links with only three other atoms, not four as in
diamond, and there are therefore electrons left

Figure 1.21
Diamond’s unique
properties are due
to its structure of
tetrahedrally bonded
carbon atoms.

strong

over. These unattached electrons drift freely
between the layers like the free electrons in a
metal. This is why graphite is a conductor of
electricity and tends to look metallic.

Graphite can be turned into diamond by
squeezing it to push the layers of atoms closer
together until they interlock and make diamond.
But the pressure needed to make this happen
is enormous, and so far only small artificial
diamonds have been made this way.

Recently scientists have discovered another
allotrope of carbon called buckyball in which the
carbon atoms are linked to form single molecules
rather than a giant network. The first buckyball to
be found contains 60 carbon atoms and is shaped
like a soccer ball. (See the activity on the next
page.) Other shapes such as buckytubes have
also been discovered.

Scientists are searching for uses for buckyballs
and buckytubes. For example, it has been
suggested that they could be used to make
nanomachines, like the gears in Figure 1.23,
about a millionth of a millimetre in size.

Figure 1.23 Buckytubes
could be used to make gears
in nanomachines.

/ bonds

-
Note: These diagrams show
only part of the structure of
diamond and graphite.

Figure 1.22
Diamond, a tetrahedral
covalent lattice
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Figure 1.24
Graphite, hexagonal
sheets with weak

forces between them
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To make a model of a buckyball, photocopy
the hexagons below onto stiff paper or light
cardboard.

Cut out the three strips of hexagons. (Don't
cut along the dotted lines.)

Fold the strips along the dotted lines.

Tape together the two edges labelled AA and
the two edges labelled BB.

5

Tape together the two edges labelled 1.
Continue this in order from 1 to 11.

2
£ How many hexagons are there in the
buckyball? How many pentagons? (In this
model the pentagons appear as five-sided
h’gles.)
L/ If each corner represents a carbon atom,

what is the molecular formula for your
buckyball?
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@

Nanotubes

Carbon nanotubes or buckytubes are flat sheets
of carbon atoms arranged in hexagons and rolled
into a hollow tube, like rolled-up chicken wire.
These nanotubes are 5000 times thinner than
a human hair, but can be assembled to create
materials six times lighter and 100 times stronger
than steel!

Nanotubes were discovered in 1991 but were
very difficult to make in large quantities. In
1998, Dr Ying Chen from the Australian National
University in Canberra discovered how to make
them with technology used by miners to crush
rock. Graphite powder is ground into extremely
fine particles in a revolving cylinder in which steel
balls tumble against each other for hundreds of
hours. The fine material is then heated to about
1000 °C to produce the nanotubes, which sell for
about S900 per gram. Dr Chen has also made
nanotubes from boron nitride. These tubes have
alternating atoms of boron and nitrogen instead
of only carbon atoms.

Nanotubes could be used to make super-light,
super-strong nanocars powered by fuel cells
using hydrogen. The flammable hydrogen could
be safely stored in fuel tanks consisting of arrays
of nanotubes that act like a sponge, absorbing
hydrogen gas in large quantities. The hydrogen can
then be released when required by mild heating.

Nanotubes could be used to make thinner flat-
screen TVs, in which electrons are fired at a screen
from the tips of nanotubes, giving a sharper
and brighter picture. Future computers using
nanotube transistors and other electronic devices
are expected to be the size of mobile phones, but
faster and more powerful than desk-top models.
Scientists from CSIRO in Geelong have discovered
a way to spin carbon nanotubes into yarn. One use
for this would be in bulletproof vests.

In a science-fiction novel written in 1979,
Arthur C. Clarke describes the construction in
the 22nd century of a ‘space elevator’. With
the development of super-light, super-strong
materials made from nanotubes, this science

ISBN 978 1 4202 3838 9

fiction may become reality. The space elevator
would consist of a cable about 47 000 km long, yet
no more than a few centimetres thick, stretching
from Earth into orbit. The top of the cable would
be in geostationary orbit, so that it stayed in

the same place above Earth’s surface. Robotic
carriages attached to the cable could take cargo
and people into space much more cheaply than
by rocket. To better understand this, think of
whirling a ball around your head on the end of a
string. The whirling ball keeps the string tight.

Questions

1 Inacarbon nanotube, how many other carbon
atoms is each carbon atom bonded to?

2 From your knowledge of the periodic table,
suggest why nanotubes can be made from
boron and nitrogen as well as carbon.

3 Would you expect the price of nanotube powder
to increase or decrease? Explain your answer.

4 Do you think the space elevator will ever
become a reality? Why or why not?

5 Researchers recently injected mice with
needle-like carbon nanotube fibres and found
they developed the same types of problems
as people who have been exposed to asbestos,
which causes lung cancer. Should we stop the
development of nanotube technology because
of this? Justify your answer.

6 Research the internet to find the latest

developments in nanotube technology.




W 10 Western Australian Curriculum

Hydrocarbons

Aside from existing as a range of allotropes,
carbon also has the ability to form a number of
compounds with hydrogen, which falls under the
branch of chemistry called organic chemistry.
The simplest of these compounds is methane, a
hydrocarbon whose molecules contain one carbon
and four hydrogen atoms. Methane represents
the start of a homologous series, where the series
shows an increase in the number of

carbon atoms for
p‘

each compound
in the series.
Figure 1.25 Methane CHy4

Methane H
CHa H—(I:—H
}
Ethane H H
CzHe H—(IZ—Cll—H
yo
Propane
H H H
C3Hsg H—(ll—(ll—(ll
i
Butane
H H H H
CaH1o H—(|3—<|3—C|:—(|:—H
A
Pentane

CsHi2  nw—

T =)= T

I—(L—I

I—-(!)-—I

I—(!)—I

I—-(!)-—I
:
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As hydrocarbons get bigger and heavier, their
properties change. Methane, ethane, propane and
butane are usually gases, but as the molecules
increase in size, their melting and boiling points
increase. This means that at room temperature
the bigger hydrocarbons in the homologous series
are liquids or even solids.

Hydrocarbons have a range of uses, and make
up substances that we use every day. Have you
heard of a substance called octane? It is a major
component of petrol. Octane molecules contains
eight carbon atoms and 18 hydrogen atoms.
Butane is also a commonly used fuel, and you may
have used it in camping stoves. Hydrocarbons
readily undergo combustion reactions, where
they burn in oxygen gas to release carbon dioxide
and water.

You can learn more about carbon compounds
and some of their reactions in optional Chapter 11.

Figure 1.26 CgHg octane
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CHALLENGE (V»

What is the difference between a monatomic
and a diatomic gas? Give examples of each.

What is an allotrope? What are the names of the
four allotropes of carbon?

Explain in terms of its structure why graphite is
flaky and feels greasy.

Define the following terms, and then use each
term in a sentence.

a tetrahedron

b allotrope

¢ noble gas

Name five non-metals and write the chemical
formula of a molecule they form.

Suggest how buckyballs might be useful as lubricants.

Research why noble gases such as argon are used in
incandescent light globes.

How many bonds does nitrogen form with hydrogen
in the compound ammonia?

Figure 1.27 Incandescent light bulbs containing argon
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The periodic table

Identify from the periodic table the following

elements, writing their name and atomic

number.

a ahighly reactive green gas that belongs to
the halogen group

b anon-metal gas that is very unreactive

¢ the most reactive element in group 16

a Research the formulas and boiling points of:

+ methane
* propane
* hexane
b Use these points to predict the boiling
points of:
+ ethane
* pentane
+ octane
¢ Plot these data points on a graph and
comment on the trend.

Write equations for the following reactions of
phosphorus Py.
Phosphorus reacts with a plentiful supply of
oxygen gas to form P401g.
Phosphorus reacts with a limited supply of
oxygen gas to form P40e.
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Y —‘- Copy and complete these statements to make a summary of this chapter. gain
— B0 The missing words are on the right. atomic number
> 1 Elements can be divided into two groups: metals and periodic table
<L 2 The is a way of classifying elements according to their electrons
Ll Elements with similar properties are grouped together. halogens
e It is extremely useful in explaining and predicting the and
reactions of elements. non-metals
3 The electrons in an atom are arranged in shells around the nucleus. ores
The number of in the outer shell determines the chemical valency
properties of the element. properties
4 The number of electrons lost or gained by an element determines its electrolysis
__ . Forexample, alkali metals have a valency of 1+ and i
reactive

have a valency of 1-.

5 All metals conduct heat and are malleable. Some are more ____
than others.

6 Metals can be extracted from their or

displacement.

by smelting,

7 During the extraction of a metal, the positive ions in the mineral
electrons to form metal atoms.

CH-1 REVIEW

1 In the periodic table, all the gases except 4 A sample of lead could be obtained in the
hydrogen are: laboratory by:
A in the first period. A heating lead oxide very strongly.
B in the first group. B heating lead oxide with carbon.
C in the same family. C adding gold to lead nitrate solution.
D on the right-hand side. D adding dilute sulfuric acid to lead carbonate.

Study your copy of the periodic table and name
the element or elements that:

2 Use the periodic table on pages 4 and 5 to 5
predict which one of the following elements has

28

properties different from the other three. a have names like planets
A aluminium C calcium b have names like countries
B barium D radium ¢ areinneon lights
. . . d are gasesin air (two
3 Which of the following contains the most are gas (. ) . .
e isapoison used in detective stories
non-metal atoms? f are common metals (four)
A P,0s C BaO
B CO, D CH;COOH
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A B C
D E
F
G
H
6 In the periodic table above, some elements 8 Imagine that you are searching for two
have been replaced by letters. Use the letters to undiscovered elements with atomic numbers
answer these questions. Find: 119 and 120. Use the periodic table on pages 4
a the two elements that are in the same group and 5 to predict the chemical properties of
b two elements that are in the same period each of these elements.
¢ the two elements that are gases at room .
& 9 Prepare a flow chart showing the sequence
temperature
of processes used to convert copper ore
d the elements that are metals (chal ite) t tal suitable f
e the two transition metals (i' atrCiOpimifmo copper metal suitable for
f the element that is a noble gas clectrical WIHng.
g theelement that is an alkali metal 10 Explain in terms of their chemical structures
h the element that is a halogen why copper is a good conductor of electricity
i two elements that are likely to react. and diamond is an insulator.
7 Platinum exists as an uncombined element in 11 a Copyand complete the table below using the
nature. Copper can exist uncombined but more information on pages 7 and 8.
commonly occurs as a compound. Zinc is always b Which element has six protons in its nucleus?
found as a compound. ¢ Which element has all its electron shells full?
a Arrange the three metals in order from most d How many valence electrons does sodium
reactive to least reactive. have?
b Which metal would be the best to polish and e Which elements are likely to gain or lose
use as a mirror? Why? one electron?
Atomic No. of electrons Electron
Element Symbol ;
! number st shell 2nd shell 3rd shell | configuration
hydrogen
carbon
neon
sodium
chlorine
Check your answers
on page 341.
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IN THIS CHAPTER

Science Understanding

model chemical equations in terms of
rearrangement of atoms

write chemical formulas for ionic and
covalent compounds

write correctly balanced symbol
equations for chemical reactions

Science Inquiry Skills

> distinguish between ionic and
covalent bonds in terms of the sharing
of electrons between atoms

> classify common chemical reactions
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Rearranging atoms

\@ GET STARTED: QUESTION

The image shows what happened when the teacher mixed
two clear liquids.
Describe what happened.
Has there been a chemical reaction? How do you
know?
How could you explain what has happened in terms
of atoms?
Why is it important to understand what happens
when chemicals are mixed?
In this chapter you will be able to investigate this reaction
for yourself. You will also learn how to explain chemical
reactions in terms of atoms, molecules and ions.
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@ 2.1 Chemical bonds

Ions

Why is it that salt solution conducts electricity
yet sugar solution does not? You can explain
this in terms of the particles they contain. Salt
solution contains sodium ions (EYE-ons) and
chloride ions, which can carry an electric current.
In contrast, sugar solution contains uncharged
sugar molecules, which cannot carry an electric
current.

As you know from previous studies, atoms
consist of a nucleus containing positive protons
and neutral neutrons, surrounded by negative
electrons. The number of electrons is the same
as the number of protons, so the atom has no
charge. In chemical reactions it is only the
outermost electrons that are involved.

Atoms of metals tend to lose electrons. You
will find out the reason for this in Chapter 3. For
example, a sodium atom can lose one electron to
form an ion with a single positive charge Na*, as
shown below. Copper atoms lose two electrons
to form Cu®’ ions with two positive charges, and
aluminium loses three electrons to form AI*".

SODIUM ATOM

loses one
and

bec
SODIUM
11 protons 11 electrons ION

(in nucleus) @
11 protons
10 electrons

Na — Na* + 1 electron
Figure 2.1 How sodium ions are formed

In contrast to metals, atoms of non-metals
tend to form ions by gaining extra electrons. For
example, chlorine atoms form negative chloride
ions Cl™.

32

CHLORINE
ATOM

CHLORIDE

ains one
17 protons
18 electrons

17 protons
17 electrons

Cl + 1electron — CI°

Figure 2.2 How chloride ions are formed

We can summarise what we have learnt about
ions as follows.

METAL ATOMS

LOSE ELECTRONS OBECOME

POSITIVE IONS

For example:
sodium (Na — Na* + 1 electron)

copper (Cu — cu® + 2 electrons)

13

aluminium (Al — AI°™ + 3electrons)

Note: Hydrogen behaves like a metal and loses an
electron to form H' ions.

NON-METAL ATOMS

GAIN ELECTRONS HOIBECONE

NEGATIVE IONS

For example:

chlorine (CI + 1 electron — CI")

bromine (Br + 1 electron — Br)

iodine (I + 1 electron — )

Atoms are not usually found on their own.
Rather, atoms join together to form molecules
such as water H,O. The atoms in these molecules
are held together by the attractive forces of
chemical bonds.

There are two main types of chemical bond—
ionic and covalent. Both kinds of bond result
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from the behaviour of the outermost electrons in

atoms. Some of these electrons may be lost, some
may be gained, or they may be shared. It depends

on the kinds of atoms.

Ionic bonds

Metals tend to lose electrons, and non-metals
tend to gain electrons. So when a metal reacts
with a non-metal, electrons are transferred from
the metal to the non-metal, forming positive
metal ions and negative non-metal ions.

IONIC BOND

lons formed

Figure 2.3 In anionic compound, electrons are transferred
from a metal to a non-metal.

Ordinary table salt has the chemical name
sodium chloride and has the formula NaCl. It is
made from the metal sodium and the non-metal
chlorine. When sodium and chlorine react, each
sodium atom loses one electron to form a positive
sodium ion Na+, and each chlorine atom gains

The sodium atom loses an electron,
forming a positive ion.

For a video of this
reaction, follow the links
to Formation of sodium Na*
chloride. )

Figure 2.4 Formation of sodium chloride

ISBN 978 1 4202 3838 9

an electron to form a negative chloride ion CI™.
Opposite charges always attract each other, so the
positive sodium ions and the negative chloride
ions attract each other. This mutual attraction
holds the ions together in what is called an ionic
bond. See the diagram below.

Ionic lattice

A salt crystal contains millions and millions

of sodium ions and chloride ions, and each ion
attracts the oppositely charged ions around it. It
is not possible to identify a molecule of sodium
chloride because every ion belongs to every other
ion surrounding it. There is a regular pattern of
positive and negative ions called a crystal lattice,
as shown in Figure 2.5 on the next page. If your
school has a model of the sodium chloride lattice,
notice how the sodium and chloride ions are
arranged.

Sodium chloride is called an ionic compound.
This is because it is made of ions held together
by ionic bonds. In solid form, sodium chloride
will not conduct an electric current because the
ions are locked into the crystal lattice and cannot
move. However, when you dissolve sodium
chloride in water, the sodium ions and the
chloride ions break apart and spread throughout
the water. These ions are free to move and
conduct an electric current. The ions carry the
electric current through the solution. This is
why a salt solution conducts electricity. All ionic
compounds conduct electricity when dissolved in
water. See Figure 2.6 on the next page.

B

~ >

The chlorine atom gains an electron,
forming a negative ion.

The two oppositely charged ions
attract each other, forming sodium
chloride NaCl.
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chloride ion sodium ion
cr Na*

Figure 2.5 Sodium chloride crystals and their lattice of sodium chloride and ions.
The positive and negative charges balance each other, so there is no overall charge.

electric current
(electrons)

salt crystals

chloride ion

water
molecule —

sodiumion —|

Figure 2.6 Sodium ions and chloride ions break apart in the solution. The ions carry the electric current through
the solution, and electrons carry it through the wires to and from the power pack.

Individual atoms and ions are of course too small
to see. However, you can observe them when there
are millions and millions of them together, say in
a piece of copper metal. When these copper atoms
lose electrons to become copper ions, you can see
the results, as in Investigation 2.1 on the next page.
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Ho

Aim
To observe the formation of copper ionsin a
solution.

Observing copper ions

Discussion

1

Towards which terminal (positive or negative)
did the blue colour move?

Materials 2 Suppose the blue colour is due to copper ions.
. : Which charge would these ions have—positive
+ clean strip of copper, approximately :
demx1em or negative? Why?
+ clean strip of copper, brass or bronze mesh, 3 Infer where the copper ions came from.
approximately 2 C_m x1cm i 4 Informing ions, did the copper atoms lose
* 10 mL of ammonium sulfate solution electrons or gain electrons? Write an equation
(66 g of (NH4)2S04 in 450 mL water and . '
) for this (see page 32).
50 mL concentrated ammonia)
«  Petri dish 5 Although some blue colour was formed on the
+ 2 connecting wires, with alligator clips other side of the copper mesh, it didn’t form
+ power pack streaks. Try to explain this.
6 Suppose you added a second copper strip on
Risk assessment and planning the other side of the mesh, and then connected
* Your teacher may set up this investigation both_it and the other strip to the negative .
on an overhead projector so that you can terminal of the power pack. What do you predict
see what happens on a large screen. would happen? Explain.
* To explain your observations you need to 7 Predict what would happen if you reversed the

answer the Discussion.

Method
1 Set up the copper strip and copper mesh in a

connections to the power pack. (You may be
able to try this with a new solution.)

Petri dish on a sheet of white paper, as shown.
The copper mesh should be about 5 cm from the
copper strip. Use clean alligator clips to attach
the strip and mesh to the side of the dish.

Connect the set-up to the power pack, making
sure the copper mesh is connected to the

positive (+) DC terminal of the power pack. positive
+ terminal

Half fill the Petri dish with the ammonium
sulfate solution. Then turn on the power
pack to 6 volts DC.

copper

0 Record your observations
of what happens in the EE !

. negative
next few minutes.

terminal

ammonium sulfate
solution

sheet of paper
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Metallic bonds

Pure metals such as copper, gold and iron are
elements and contain only one type of atom.
The outermost electrons around these atoms are
very weakly held, and they are easily lost. As a
result, inside any piece of metal there are a lot of
positively charged metal ions that have lost one
or more electrons. These positive metal ions are
surrounded by a ‘sea’ of electrons that belong to
no particular atom and are juggled about rapidly.

The positively charged metal ions and the
negatively charged electrons attract each other,
and this mutual attraction is called a metallic
bond. It is because of these freely moving
electrons that metals are such good conductors
of electricity and heat.

METALLIC BOND
Free electrons

metal ions

free electrons

Figure 2.7 The properties of metals can be explained in terms
of their atomic structure.

Covalent bonds

Non-metal atoms tend to gain electrons. So
when two non-metal atoms come together they
will both tend to gain electrons, without either
of them losing electrons. They can do this by
sharing electrons to form a covalent bond.
When two hydrogen atoms form a molecule
of hydrogen H», the electron from each atom is
shared by the other atom. Similarly, two chlorine
atoms share an electron pair to form a molecule
of chlorine gas Cl,. So, a covalent bond is a
shared electron pair holding two atoms together.

COVALENT BOND
Electrons shared

shared electron pair
mainly in this area

Figure 2.8 In a hydrogen molecule the hydrogen atoms
share electrons equally.

Some non-metal atoms can form more than
one bond. For example, oxygen can form bonds
with two hydrogen atoms to form water H>O.
Nitrogen can form bonds with three hydrogen
atoms to form ammonia NH;. And carbon can
form bonds with four hydrogen atoms to form
methane CHy. It can also form bonds with other
carbon atoms (see Figure 2.10 on the next page).
Compounds containing covalent bonds are called
covalent compounds.
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Sugar is a covalent compound containing
carbon, hydrogen and oxygen. It consists of large
molecules with the formula C1oH55011. When
you dissolve sugar in water, these molecules
separate and spread throughout the solution.
However, because the molecules do not form ions,
the solution does not conduct an electric current.
Similarly, all covalent compounds are non-
conductors of electricity.

Sometimes non-metals don’t share their
electrons equally. For example, in the covalent
bonds between hydrogen and oxygen in water
molecules, the oxygen atom tends to get more
than its share of electrons because it is ‘greedier’
for electrons than hydrogen is. As a result, the
oxygen atom has a slight negative charge and the
hydrogen atoms have a slight positive charge. So
the molecule has one positive end or pole, and two
negative ends or poles. For this reason, the bond
is called a polar covalent bond.

POLAR COVALENT BOND
Unequal sharing of electrons

OK. But T demand 3
b\gger sharethanyou.

slight /

positive

charge \

slight
<—— negative
charge

Figure 2.9 Water molecules are polar because the bonding
electrons are pulled slightly towards the oxygen atom. The
positive and negative charges balance each other, so the
molecule has no overall charge.

ISBN 978 1 4202 3838 9

Figure 2.10 Sucrose (cane sugar) is a covalent compound
with the formula C12H29011. In this model carbon atoms are
black, hydrogen white and oxygen red.

Bonds between different non-metals are
always polar, since no two non-metals are equally
greedy for electrons. In contrast, bonds between
atoms of the same non-metal are non-polar;
for example, the two oxygen atoms in an oxygen
molecule. In this case there is equal sharing of
the electrons.

ACTIVITY &y

You can

demonstrate

the polarity of

water by

bringing a

charged rod w
near a trickle of \
water as shown. || rod

L Use your knowledge of |
electric charges to explain \

charged

what happens. \
For a summary of the different

types of bonds, follow the links @

to Bonding. /
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Copy and complete the following sentences:

a Anionis acharged .

b Metal atoms form ions.

¢ Non-metal atoms form ions.

d Compounds formed from positive and
negative ions are called compounds.

e Covalent compounds form when a non-
metal atom combines with a atom.

f  Covalent bonds occur when electrons are

between atoms.

A magnesium atom has 12 protons in its

nucleus. It loses two electrons to form a

magnesium ion.

a How many electrons does a magnesium
atom have?

b How many electrons does a magnesium ion
have?

¢ How many protons are there in the nucleus

of a magnesium ion?

What charge does an electron have?

What charge does a proton have?

What charge does a magnesium ion have?

Explain why a magnesium ion has this

charge.

Q = 0 a

The symbol for a silver ion is Ag*. How many
electrons does a silver atom lose to become
a silver ion?

An aluminium atom Al can lose three electrons.
What is the symbol for an aluminium ion?

What would need to happen for an oxide ion 0%~
to become an oxygen atom?

Copy and complete this summary of chemical bonding.

Type of Kinds of Electrons
bond atoms are ... Result
non-metals molecules
lost and
gained

Explain why ionic compounds, which consist of

electrically charged ions packed together, are electrically

neutral. Use sodium chloride as an example.

Bromine is a non-metal similar to chlorine.
Predict whether bromine atoms tend to lose
electrons or gain them. Explain your answer.

Magnesium burns in air to form the compound

magnesium oxide.

a  Would you expect this compound to be
ionic or covalent?

b Which atoms would be positive and which
would be negative?

Copper atoms have two weakly held electrons.
Draw a two-dimensional diagram of a tiny piece
of copper that contains ten copper atoms.

How many free electrons are there?

Use your diagram from Question 7 to explain
why metals are such good conductors of
electricity.

Electricity is passed through a zinc sulfate

solution containing zinc ions and sulfate ions.

a Draw a diagram showing what you predict
will happen to the zinc and sulfate ions.

b Predict what will happen if the connections

to the power pack

are reversed.

carbon
electrodes

zinc sulfate
solution

Copper ions are never found on their own. Why is
this?

Which of the following molecules would you expect
to be polar: ammonia (NH3), chlorine (Cl,), carbon
monoxide (CO), hydrogen bromide (HBr), hydrogen
sulfide (H2S) and nitrogen (N2)?

The red colour of blood is due to iron. Would this
colour be due to iron atoms or iron ions? Explain
your answer.

Why is it wrong to speak of molecules of sodium
chloride? What should you say instead?

How would the metallic bonding in an alloy differ
from the metallic bonding in a pure metal?
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2.2 Formulas and
equations

Chemical formulas

Covalent compounds are formed when atoms join
to form molecules; and ionic compounds form
when positive and negative ions join together in
a crystal lattice. A shorthand way of representing
a compound is to use a chemical formula made
up from the symbols of the elements in it. For
example, the formula for carbon dioxide is CO».
The 2 after the oxygen shows that there are two
atoms of oxygen in a molecule of carbon dioxide.
(Note that the 2 is written as a subscript, a
little below the line.) There is only one atom of
carbon, but the 1 is never written in the formula.
Similarly, the formula for water is H5O (two atoms
of hydrogen bonded to one atom of oxygen).
Ammonia (NH3) has three atoms of hydrogen
bonded to one atom of nitrogen.

Sodium chloride is an ionic compound
consisting of sodium and chloride ions held
together by ionic bonds. Its formula is NaCl,

water H,0

oxygen
atom

/

N\

hydrogen
atoms

methane CH,

carbon
atom

hydrogen
atoms

Figure 2.11 Some common molecules and their formulas
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which means that the ratio of sodium ions to
chloride ions is 1:1. But how do we know that the
formula is NaCl, rather than NaCl, or Na,Cl or
NayCl3¢ The answer is that you can tell from the
combining powers of the atoms.

An atom’s combining power or valency
predicts how it will combine with other atoms
through the loss, gain or sharing of electrons. For
ionic compounds, the valency is the same as the
charge on the ion. For example, sodium atoms
lose one electron to form Na* ions—so sodium
has a valency of 1+. Oxygen atoms gain two
electrons to form oxide ions 02~ —so oxygen
has a valency of 2—.

A sodium ion Na* can combine with one
negative ion that has a valency of 1—, for example
Cl7, to form NaCl. Sodium ions can also combine
with oxide ions. However, two Na* ions are
needed for each 02~ ion. Hence the formula for
sodium oxide is Na,O.

sodium Na* + chlorine CI~ — sodium chloride NaCl

sodium Na* + oxygen 02~ — sodium oxide Na,0

ammonia NH,

nitrogen
atom

hydrogen
atoms

carbon dioxide CO, carbon

atom

oxygen
atom

39



W 10 Western Australian Curriculum

Sometimes the ions consist of groups of

atoms called polyatomic ions (poly means ‘many’). lon Symbol Valency

For example, copper sulfate is made up of copper ammonium NH,* 1+
ions and sulfate ions. Each copper ion (Cu2*) has

Lo : hydrogen H* 1+
two positive charges. Each sulfate compound ion

(S0,427) consists of one sulfur atom covalently potassium Kt 1+
bonded to four oxygen atoms, as shown. The five

: . silver Ag* 1+
atoms of the sulfate ion usually stay together in . g+
chemical reactions. sodium Na 1+
i 2+
copper sulfate CuSO, calcium Ca 2+
sulfur 4 copper cu?* 2+ (or 1+)
t
gom lead PbZ* 2+ (or 1+)
magnesium Mg?* 2+
zinc Zn% 2+
aluminium ARt 3+
2+ 2- ; 3+
iron Fe 3+ (or 2+)
bromide Br 1-
copper ion chloride cl 1-
/ hydrogen carbonate HCO3™ 1-
oxygen . _
sulfate compound ion atom hydroxide OH 1-
iodide I 1-
Flgure.2.12 A model of copp.er sulfate CuSQ4. Nptg that nitrate NOs™ 1-
these ions would be arranged in a crystal lattice similar to
that for sodium chloride (Figure 2.5 on page 34). carbonate 0032- 92—
, , oxide 0% 2-
The sulfate compound ion has two negative )
charges, which balance the two positive charges sulfate S04 2-
on the copper ion. Similarly each unit of copper sulfide X 2-
. . 2+ . _
n}trate Cu(I\£O3)2 contalgs one Cu4™ ion ant;l two sulfite S02 9-
nitrate NO3~ compound ions, and each sodium
carbonate Na;CO3 contains two Na* ions and one phosphate P04 3-
carbonate CO32~ compound ion.
The valencies of various ions are listed in the Some common monatomic and polyatomic ions
table on the right. There is a pattern in the table
that will make sense when you study Chapter 3. This means the copper has
Note that some elements have two different ﬁ avalency of 1. PP
valencies. For example, copper loses two electrons
to form Cu2* ions; but sometimes it loses only copper(l) oxide Cuy0
one electron to form Cu® ions. Because of this, copper(ll) oxide CuO

it forms two different compounds with oxygen.
To distinguish between these compounds, you
include the valency of the copper ion in the
formula, using Roman numerals.

This means the copper has
a valency of 2.
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Writing ionic formulas

To write the formula for an ionic compound,
follow these rules.

Example 1

1 Write down the symbols of the ions. Note that the
positive ion (usually a metal) goes first. Write the
valencies above the symbols.

silver sulfide
1+ 2-
Ag S

2 Crisscross the valencies to get correct subscripts.
Leave out the + and - signs.

1+ 2-
Ag ><§ )
2 o 1

3 Write the correct formula with subscripts, leaving out
the 1. Note that the charges are balanced. You need
two Ag* ions to balance one S2~ ion.

Example 3
calcium hydroxide
2+ 1- ‘ ‘
Ca, (OH) ‘
Ca(OH),

In this example, you put the compound ion in brackets
to indicate that it acts as a single unit. The subscript 2
refers to everything inside the brackets. In other words,
there are two oxygen atoms and two hydrogen atoms.
Where there is only one unit of the compound ion,

you can omit the brackets, e.g. NaOH rather than
Na(OH).

Example 2

magnesium oxide
2+ 2- ‘ ‘
Mg 2><92

MgO

In this example, you simplify Mg,0, to MgO since the
magnesium and oxygen are in the ratio 1:1.

Example 4

aluminium sulfate ‘
+3
o, @

Aly(S04)3

Two 3+ charges balance three 2- charges.

What do you reckon the
symbol would be for banana?

ISBN 978 1 4202 3838 9

Did you know that the formula for
water is HITKLMNO?

Ehcn‘ doesn't sound right to me.

Yes it is—our teacher
told us—it's H to O.
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-
= A3t PO4>"
= Mg2* coz®”
2 Na* % cI-
You can use paper or cardboard cut-outs to 4 Make models of the following compounds:
make models of various compounds. Look at « sodium carbonate

the models above for various ions. Notches

e + sodium phosphate
represent electrons lost to form positive ions. phosp

One notch indicates one positive charge or a * magnesium chloride
valency of 1, two notches indicate a valency * magnesium carbonate
of 2, and three notches indicate a valency of 3. * magnesium phosphate
Similarly, spikes represent electrons gained to - aluminium chloride

form negative ions. Work in a group so you can . aluminium carbonate
share the work.

1 Your teacher will give you copies of the * aluminium phosphate.
models—six of each. Colour each type ofion 9 Foreach compound you make, count the

a different colour, e.g. sodium ions yellow, number of positive charges and the number
chloride ions green. of negative charges to make sure they are
9 Use scissors to cut out the models equal. Then write the formula under the
: model.

3 Use your cut-outs to make a model of
sodium chloride. Glue the model compound
into your notebook and write its formula
under it.

Figure 2.13 The mineral magnesite is composed of Figure 2.14 Sodium chloride is more commonly known as
magnesium carbonate. table salt.
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Covalent compounds

You can also use valencies to write the formulas
for covalent compounds. For example:

carbon oxide

CO,

Instead of calling this compound carbon oxide,
it is usually called carbon dioxide. The di comes
from the Greek word for ‘two’ since two oxygen
atoms bond to one carbon atom. Similarly, CO is
carbon monoxide, and SOs is sulfur trioxide.

Some elements form molecules containing a
pair of atoms. These are called diatomic molecules;
for example, hydrogen H,, oxygen O,, nitrogen
N>, chlorine Cl, and iodine I5. It is best to
remember these formulas.

A

Figure 2.15 Nitrogen gas (N2) is a diatomic molecule.
Nitrogen gas turns to liquid at -196 °C and is used to freeze
biological samples, such as in this large insulated tank.

Most non-metals exist as molecules, where
they have a stable number of electrons. By sharing
electrons between atoms, each atom gains a
full valence shell. So when carbon and oxygen
bond, each atom shares some or all of its valence
electrons so that in return it gets electrons shared
with it. The number of electrons that an atom
shares is determined by the number of valence
electrons it has.
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Figure 2.16 Carbon dioxide is formed due to
electrons being shared between carbon and oxygen.

Nitrogen and oxygen
together can form a number
of different compounds,
whose names indicate different
ratios of nitrogen and oxygen.
Nitrogen dioxide, NO5, has
one nitrogen atom and two
oxygen atoms, whereas
dinitrogen monoxide, N,O,
has two nitrogen and only one
oxygen. Even though these
compounds are made from
the same elements, they are
very different.

Figure 2.17 Nitrogen dioxide, NO»,
is a toxic brown gas.

Figure 2.18 Dinitrogen monoxide, N,0, is an anaesthetic
commonly called ‘laughing gas’.
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ACTIVITY &y

C ommon Common ame hemica nae | Formula
ammonia nitrogen trihydride NH3
Compounds baking soda sodium hydrogen carbonate or sodium bicarbonate NaHCO3
Hete s a st of commn e o
. . . . 202
chemicals including thelr bleach (solid) sodium perborate NaBO3
common name, chemical borax sodium tetraborate Na;B407
name and formula. You brimstone sulfur Ss
may have heard of many carbon dioxide €0,
of these. You will find the caustic soda sodium hydroxide NaOH
list contains a mixture of cream of tartar potassium hydrogen tartrate KHC4H406
substances with different Epsom salts magnesium sulfate MgS04
types of bonding. freon dichlorodifluoronﬁethane CClqF,
galena lead (Il) sulfide PbS
i alcohol ethanol C,Hs0H
gold Au
graphite carbon C
gypsum calcium sulfate CaS04
hypo sodium thiosulfate NayS203
iron pyrites (fool’s gold) iron disulfide FeS,
laughing gas dinitrogen oxide N20
lime calcium oxide Ca0
limestone calcium carbonate CaC03
marble calcium carbonate CaCo0g3
marsh gas methane CHy
milk of magnesia magnesium hydroxide Mg(OH);
nitrogen gas \7)
hydrochloric acid HCI
oil of vitriol sulfuric acid H,S04
oxygen gas 07
plaster of Paris calcium sulfate CaS04
potash potassium carbonate KoCO3
quartz/sand silicon dioxide Si0;
quicksilver mercury Hg
rubbing alcohol isopropyl alcohol C3H70H
sal ammoniac ammonium chloride NH4CI
salt sodium chloride NaCl
potassium chloride KClI
saltpetre potassium nitrate KNO3
slaked lime calcium hydroxide Ca(0H),
sugar sucrose Cq2H22011
trisodium phosphate Na3P04
washing soda sodium carbonate NayCO3
‘ quartz water oxygen dihydride H,0
EXn methyl alcohol CH30H
questions. NaHCOs NHs

1 Draw a table like the one on the right and
list the formula of each compound above
to classify them by the type of bonding
they contain. The first two are completed

for you.

2 Select five chemicals in the list that you
have not heard of before. Find out what they
are used for.
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Chemical equations

A chemical equation is a shorthand way of writing
down what happens in a chemical reaction. To
write an equation you must know the names of
the reactants and the products. If you don’t know
these, you cannot write the equation. Sometimes,
however, you can predict what the products might
be if you know the reactants.

Work through the following three examples
step by step.

Equation 1

Zinc metal reacts with hydrochloric acid to
produce hydrogen gas and a solution of an ionic
compound called zinc chloride.

Step 1: Writing the word equation

zinc + hydrochloric acid — zinc chloride + hydrogen

Step 2: Writing the formulas

You next write down the formulas of the reactants
and products. For most elements the atoms exist
on their own, so you simply write the symbol

for the element, in this case zinc Zn. It is best to
remember that the formula for hydrochloric acid
is HCI. For zinc chloride you can work it out using
valencies from the table on page 40. In hydrogen
gas, however, the molecules are diatomic (H,).

Zn + HClI — ZnCl; + H;

v Iy
e WU

CI(aq) —>nCI2(aq) + H(g)

\;\‘

Figure 2.19 Zn(s)

- »
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Step 3: Balancing the equation

In a chemical reaction the atoms are rearranged,
but you end up with the same number of atoms as
you started with. (This is the law of conservation
of mass.) So the final step in writing an equation
is to make sure that the numbers of atoms of
each element are the same on both sides of the
equation. This is called balancing the equation.

In this case, there is one zinc atom on each
side of the equation. So the zinc atoms are
balanced. There are two hydrogen atoms on the
right-hand side, but only one on the left. So you
can balance the hydrogen atoms by putting a 2
in front of the HCl on the left-hand side. This
means 2 molecules of HCI.

Zn + 2HCI — 1ZnCl, + H,

The 2 refers to every atom in the formula. So
2HCI means that there are two atoms of H and
two atoms of Cl. So the chlorine atoms are
balanced. Never change the number in a formula to
balance an equation. The balancing numbers
always go in front of the formulas.

Symbols are usually added to tell you whether
the reactants are solids (s), liquids (1), gases (g) or
dissolved in water (ag—short for aqueous).

For example:

Zn(s) + 2HCl(aq) — ZnCly(aq) + Ha(g)
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Equation 2

Ammonia is a very important gas used in
industry to make nitric acid, fertilisers, drugs,
dyes and plastics. It is made by the Haber
process, in which nitrogen and hydrogen react at
a high temperature in the presence of a catalyst.

nitrogen + hydrogen — ammonia

You need to know the formulas for nitrogen,
hydrogen and ammonia.

N2 + H; — NH3

To balance the nitrogen atoms you have to add
a 2 in front of NH;.

N2 + Hy — 2NH3

This makes 6 atoms of hydrogen on the right-
hand side. So to balance the hydrogens you have
to add a 3 in front of Hy on the left-hand side.

N2(g) + 3Ha(g) — 2NHs(g)

As a final check on the balancing you can write
down the numbers of atoms on each side of the
equation, as shown.

LEFT RIGHT
N 2 N 2
H 3x2=6 H 2x3=6

Equation 3

[ron rusts when it reacts with oxygen in the air to
produce iron(IIT) oxide.

iron + oxygen — iron oxide

Fe + 0, - Fe,0;

To balance the iron atoms, put a 2 in front of Fe.
2Fe + 0 — Fey03

To balance the oxygen atoms you need a 3 in front
of Oz and a 2 in front of Fe;03. You may need to
work this out by trial and error.

2Fe + 3073 — 2Fey03
Finally, you need to balance the iron atoms again.

4Fe(s) + 302(g) — 2Fey05(s)

LEFT RIGHT
Fe 4 Fe 2x2=4
O 3%x2=6 H 2x3=6

Note that the balancing numbers you use should
be the smallest possible. For instance, the
equation 8Fe + 60, — 4Fe,05 is balanced, but can
be simplified to 4Fe + 30, — 2Fe;0;.

“ 'Figure 2.20 The iron in this old car is slowly turning to rust (iron oxide) and crumbling away.

&
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hydrogen oxygen nitrogen chlorine
(valency = 1) (valency = 2) (valency = 3) (valency = 1)

 /
>
=
=
f—
Q
<

As you did on page 42, you can use paper or 3 Use the models to represent the following
cardboard cut-outs to make models of chemical reactions:
reactions. The cut-outs above represent some hydrogen + chlorine = hydrogen chloride

diatomic molecules.

nitrogen + hydrogen = ammonia
1 Photocopy or trace the molecular models : yeed

above and label the atoms. Colour the nitrogen + oxygen — nitrogen dioxide
atoms different colours, e.g. white for You will need to break the molecules into their
hydrogen, red for oxygen, blue for nitrogen atoms by cutting along the dotted lines. Unless
and green for chlorine. you do this, the ‘reaction’ cannot occur.
2 The example below shows how the models 4 Glue the models into your notebook and write
can be used to represent the reaction the balanced equations under them.
between hydrogen and oxygen to form .
5 If you have a molecular models kit, you can
water. . .
make three-dimensional models.
hydrogen + oxygen -
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S
H
H H

Look at the models of the four molecules
above, and write the chemical formula for each
of them.

Sulfuric acid contains hydrogen, sulfur and
oxygen in the ratio 2:1:4. What is its formula?

One of the substances in superphosphate
fertiliser has the formula Ca(H2PO4)2. How
many atoms of calcium, hydrogen, phosphorus
and oxygen are represented by this formula?

Use the table on page 40 to write the correct
formula (with its electric charge) for each of
the following compound ions.

ammonium

carbonate

hydrogen carbonate

hydroxide

nitrate

phosphate

sulfate

sulfite

|Q -0 o 0 T o

Name the following compounds.
KClI

NaNO3

MgO

FeCls

Al(OH)3

(NH4)3PO4

HCI

NaHCO3

|]Q 0 a0 T o

6 Copy this table and complete the formulas.

chloride sulfate phosphate

calcium

iron(Il)

sodium

7

—
(—]

Write down the formulas of the following
compounds.

sodium hydroxide
ammonium sulfate
hydrogen sulfide

sodium sulfite

calcium hydrogen carbonate
magnesium sulfate

calcium phosphate
copper(ll) hydroxide

iron(Il) oxide

_ 0 Q 0O o 0O T o

Carlos heated some blue copper(ll) nitrate in a
test tube. A brown gas (nitrogen dioxide) and
a colourless gas (oxygen) were produced and
black copper(ll) oxide was left in the test tube.
a List the reactants and products.

b  Write a word equation for the reaction.

Copy these equations into your notebook and
balance them where necessary. The formulas
are all correct and must not be changed.
NaBr + Cl, = NaCl + Bry

Fe + Cl, = FeCls

Ba(NO3)2 + H,SO4 — BaSO,4 + HNO3
CaCO3 — Ca0 + CO»

Hy + I = HI

Zn + HpySO4 = ZnS04 + Hoy

NaOH + HyS04 — NaS04 + H20

P4 + 02 = P20s

CH4 + Clp; — CCls + HCI

Pb(NO3); = PbO + NOy + Og

Write balanced equations for each of the

following reactions.

a Carbon burns in a limited supply of oxygen
to form carbon monoxide (CO).

b  Calcium carbonate when heated forms
carbon dioxide gas and solid calcium
oxide.

¢ Dilute sulfuric acid reacts with sodium
hydroxide solution to form sodium sulfate
solution and water.

———0u 2nm 20 T o
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CHALLENGE (00

1 Look at this balanced equation:
2Mg + 02 = 2MgO
a How many atoms of magnesium react with one
molecule of oxygen?

b How many atoms of magnesium react with
5 million molecules of oxygen?

Each of the following equations is incorrect.
Rewrite them correctly and balance them.

a H+ Cl = HCl

h Hy0p = H0 + O

¢ Cu + Op = CuOy

d Pb(NO3); + KI = Pbl + K(NO3),
e Na + H)O = NaOH + H

3 Write balanced equations for the following
reactions.

a Zinc reacts with hydrochloric acid to produce
zinc chloride and hydrogen.

b Sulfur dioxide (SO,) burns in oxygen to produce
sulfur trioxide (SO3).

¢ Copper(ll) carbonate reacts with hydrochloric
acid to produce copper(ll) chloride, water and
carbon dioxide.

For this activity you will need playing cards with the
names and valencies of positive and negative ions.
Use all the ions listed on page 40 and make four
identical cards for each one. You will need a total of
96 cards. (Use the 2+ valency for Cu, Fe and Pb.)

N

Play the game in a group of four or five. The aim of
the game is to combine cards to make compounds
with correct formulas; for example, one magnesium
Mg?* card goes with two chloride CI” cards to give
MgCl,.

The dealer shuffles the cards and gives each player
seven cards. When it is your turn, try to make a
compound using the cards in your hand. If you use
two cards to make the compound, then you pick up
two cards to replace them, and so on. If you can’t
make a compound, then pick up another card.

ISBN 978 1 4202 3838 9

d During cooking, sodium hydrogen carbonate
(baking soda) decomposes to sodium
carbonate, carbon dioxide and water.

e When heated, cane sugar (C12H22017)
decomposes to give carbon and water.

f During respiration, glucose (C¢H120¢) reacts
with oxygen to give carbon dioxide and water.

4 Elements X and Y form compounds with carbon
with the formulas CX,4 and CY5. Predict the formula
of a compound of X and Y. Explain how you worked
it out.

5 A metal M forms a sulfate with the formula
M3(S0Q4)3. Given this information, which of the
following formulas is correct?

a M20 d M2C|3
b M(CO3)3 e MPOy4
c M(OH)3 f M332

6 Challenge yourself by trying to balance these three
equations.
a AI(NO3)3+ KoCrp07 = Aly(Cro07)3 + KNO3
b FeCly + HNO3 + HCI = FeCl3 + NO + H,0
¢ Cu+HNO3 = Cu(NO3), + H20 + NO

You can also choose to pick up another card instead
of making a compound.

The game continues until all the cards are used up.
The winner is the player who has made the most
compounds with the correct formulas.
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2.3 Classifying
chemical reactions

Below are six common types of chemical reactions.

1 Combination

In combination reactions two or more reactants
combine to form at least one new substance. The
pattern for these reactions is:

X+ Y = XY

For example, when you heat iron filings and
sulfur, the compound iron sulfide is formed.

Fe(s) + S(s) — FeS(s)

Photosynthesis is a very important combination
reaction in which plants use sunlight to combine
carbon dioxide from the air with water to form
glucose (plant food) and oxygen.

6CO2(g) + 6H20(l) = Ce¢H1206(aq) + 602(g)

Another common combination reaction that we
can observe around us is rusting, which is when
iron and oxygen react together.

T

Figure 2.21 Iron oxide, Fe,03, is formed as iron reacts

with oxygen.

2 Combustion

Combustion is a special type of combination
reaction in which a substance reacts rapidly with
oxygen, producing heat and light. When you burn
natural gas in a stove, methane reacts with oxygen
in the air to form carbon dioxide and water.

CHy(g) + 202(g) — CO2(g) + 2H20(g)

Figure 2.22 Combustion occurs in a car engine.

Combustion reactions are used in internal
combustion engines in cars. Petrol contains
hydrocarbons, and when they burn the heat
and gases produced cause the engine to produce
kinetic energy, which allows the car to move.

3 Decomposition

Decomposition reactions are the opposite of
combination reactions. The reactant breaks down
to form two or more products:

XY = X + Y

A decomposition reaction occurs when you pass
electricity through water.

H20 — Ha(g) + 02(g)

Another decomposition reaction saves lives
every day. Inside airbags in cars a chemical called
sodium azide decomposes explosively when
triggered. Nitrogen gas inflates the airbagina
fraction of a second.

2NaNs(s) — 2Na(s) + 3N3(g)

Figure 2.23 An airbag is inflated by a decomposition reaction.
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4 Precipitation

Precipitation reactions result in formation of
an insoluble solid (precipitate) when two clear
solutions are mixed.

soluble salt A + soluble saltB
— insoluble saltC + soluble saltD

In order for a precipitate to form, the attraction
between the positive metal ions and the negative
non-metal ions has to be high enough or they
will stay in solution. When solutions of cobalt
chloride and sodium hydroxide are mixed
together, the precipitate cobalt hydroxide is
formed. The remaining ions stay in solution

as the soluble salt sodium chloride.

CoCl; + 2NaOH — Co(OH); + 2NaCl

Figure 2.24 A range of coloured precipitates forming from
clear solutions; cobalt chloride on the right

5 Acid-metal reactions

When acids are mixed with most reactive metals,
the metal will dissolve and bubbles will form.

metal + diluteacid — salt + hydrogen

ISBN 978 1 4202 3838 9

Rearranging atoms

As the acid reacts with the metal, it causes it
to dissolve into ions. Meanwhile, the hydrogen
atoms from the acid join together to form

hydrogen gas, which is why we observe bubbling.

Mg + 2HCI — MgCl; + H;

Figure 2.25 When a reactive metal is placed in acid it
dissolves and the colourless gas hydrogen is produced.

We can test for the presence of hydrogen gas
using a reaction called the pop test. Hydrogen
is a very flammable gas and so reacts vigorously
with oxygen in the air when an ignition source
is present.
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6 Acid-carbonate reactions

As you have previously learnt, acids can also react
with metal carbonates.

acid + metal carbonate
— salt + water + carbon dioxide

The production of carbon dioxide means that
this reaction bubbles, but rather than burning
(like hydrogen gas does), CO5 is a flame retardant
and is often used in fire extinguishers because it
prevents combustion from occurring.

When calcium carbonate, or chalk, is added
to nitric acid, we see the solid dissolve as a gas
is formed.

CaCO3 + 2HNO3; — Ca(NO3); + H,0 + CO2

A common science project is to make a model
volcano, which erupts when vinegar (acetic
acid) is added to baking soda (sodium hydrogen
carbonate). This is an acid-carbonate reaction.

7 Neutralisation
The general equation for neutralisation is:

acid + base — salt + water

This is what happens when you take an antacid
tablet to relieve indigestion caused by excess
stomach acid. This acid is mainly hydrochloric
acid. After a big meal or during times of stress,
some people experience heartburn, where excess
stomach acid is causing them pain. An antacid
neutralises that acid by reacting with it to produce
harmless products.

2HCI + Mg(OH); — MgCl, + 2H,0

Figure 2.27 Antacids contain metal hydroxides that help
to neutralise stomach acid.

Figure 2.26 A model volcano erupting, with carbon dioxide being released
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8 Metal displacement

Metal displacement reactions involve the
swapping of metals, one from a solid into ions

in solution, the other from ions into a solid.

When a reactive metal is placed in a solution of a
less reactive metal ion, the metals swap places.
For example, when a strip of nickel is placed in
copper sulfate solution (Figure 2.28), copper metal
is displaced and the solution turns from blue

to colourless.

Ni + CuSO4 — Cu + NiSO,4

Figure 2.28 Nickel displacing copper from copper sulfate
solution

The metals can be arranged in a list with the
most reactive at the top and the least reactive at
the bottom. This is called the activity series.
Sodium, near the top of the list, reacts so quickly

ISBN 978 1 4202 3838 9

Figure 2.29
the most reactive to the least reactive.

with air that it has to be stored in kerosene.
On the other hand, gold and silver coins can
lie on the ocean floor for hundreds of years
without corroding.

The activity series can be used to predict
reactions of metals; for example, which ones
will react most rapidly with an acid. You can
also use the activity series to predict which metal
will displace another metal from its solution.
For example, nickel is more reactive than
copper, so it displaces copper from copper
sulfate solution. But it cannot displace a more
reactive metal like magnesium that is above it in
the activity series. The metals at the top of the
activity series are also harder to extract from their
ores than the ones at the bottom. For example,
aluminium is much harder to extract than lead.

zinc Zn > Zn% 4+ 2e°
iron Fe = Fe3t+ 3e”
nickel Ni = Ni%t + 2e
tin Sn > Sn? + 2e”
lead Pb = Pb% + 2e”
copper Cu > Cu?+ 2e”
silver Ag > Ag*+ 2e”
gold Au > Aut + 3e”

least reactive

In the activity series the metals are listed from
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Aim
To investigate some common reaction types.

Risk assessment and planning
Read the investigation carefully. Make a list of

any risks and discuss them with your teacher
before starting.

PART A

Materials

2 test tubes

test tube rack

hydrochloric acid solution (0.1 M)
magnesium strip, approx. 2cm
splint and matches

disposable gloves (optional)

SAFETY GLASSES
MUST BE WORN

Method

1
2
3

Quarter fill a test tube with hydrochloric acid.
Add a 2 cm strip of magnesium metal.

Place a second test tube over the top of the
reaction test tube to collect the gas.

Use a lighted splint to test the gas collected.

&2
£/ Record your observations for both reactions.

Discussion

1

There are two reactions you just performed.
What common reaction type does each
belong to?

What was the gas produced in the reaction,
and how do you know?

Identify and name the reactants and products
in each reaction, and write the chemical formula
for each.

Write a balanced chemical equation for each
reaction.

Common reaction types

PART B

Materials

1 test tube

test tube rack

pH paper

hydrochloric acid solution (0.1 M)
sodium hydroxide solution (0.1 M)
10 mL measuring cylinder
disposable gloves (optional)

Method

1

Ensure the measuring cylinder is clean and
measure 2 mL of hydrochloric acid.

Pour the acid into a test tube and test the pH
of the acid with the pH paper.

ﬁ Record the pH.

Ensure the measuring cylinder is clean and has
no acid in it. Measure 2 mL of sodium hydroxide
solution and test its pH with indicator paper.

-
£/ Record the pH.
Pour the sodium hydroxide into the test tube
containing the hydrochloric acid. Gently shake
to mix.
Test the mixture with pH paper.

=
{JRecord the pH of the mixture.

Discussion

1

What common reaction type does this reaction
belong to? What evidence have you used to
make this decision?

Identify and name the reactants and products
in the reaction, and write the chemical formula
for each.

Write a balanced chemical equation for the
reaction.
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b
c
d
e
f
g
h

gas.

1 Classify the following reactions.
a Hydrogen peroxide (H202) breaks down
into hydrogen and oxygen gas.
b Sulfur burns in air to produce sulfur dioxide

¢ Sodium hydroxide reacts with nitric acid to
form sodium nitrate.
d Hydrogen gas reacts with chlorine gas to

form hydrogen chloride.
e Magnesium reacts with dilute sulfuric acid
to form magnesium sulfate and hydrogen

gas.

f  Propane (C3Hg) burns in air to produce
carbon dioxide and water vapour.

g A few marble chips (CaCO3) are placed into
a beaker of hydrochloric acid.

2 Write balanced equations for each of the
reactions listed in Question 1.

3 Lead nitrate and potassium iodide are both
colourless solutions. The photo shows what
happens when they are mixed. Explain what

has happened.

A salt is an ionic compound made up of positive and
negative ions. To tell whether a salt is soluble or not,
you can use a solubility table. Determine whether the
following salts are soluble or insoluble:

a calcium phosphate
lithium nitrate
barium hydroxide
iron carbonate
nickel iodide
copper sulfate
manganese chloride
cobalt nitrate

ISBN 978 1 4202 3838 9

Soluble in water

Examples of the rule

Exceptions to the rule

Salts of chloride, bromide (Cl-, Br-) | NaCl, KBr, etc. AgCl, AgBr
Salts of iodide (I-) Mgl Agl, Pbl,
Salts of nitrate (NO3-) AgNO3 None

Salts of sulphate (S042-) LioSO4 BaS04, PbS04

Insoluble in water

Examples of the rule

Exceptions to the rule

Salts of hydroxide (OH-) Ca(OH), NaOH, KOH
Salts of carbonate (CO32-) MgCO3 NayCO03, K2CO3
Salts of phosphate (P043-) FePO4 NazPO04, K3P0O4
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T\
{ B’ ) -‘ Copy and complete these statements to make a summary of this chapter. ionic
p=Fy . The missing words are on the right.
balanced
1 Atoms have no net charge. However, if they lose or gain , they oppositely
) become charged. They are then called ) )
< dissolves
L 2 Metals tend to electrons to form positively charged ions. lent
e Non-metals tend to gain electrons to form charged ions. covaten
. . lose
3 bonds result from the attraction between charged ions .
when metallic atoms transfer electrons to non-metallic atoms. negatively
4 When an ionic compound in water, the ions in the crystal lattice electrons
break apart and spread throughout the solution. reactions
5 bonds result from the sharing of electrons between non-metallic ions
atoms. valency
6 The or combining power of an atom tells you how it will combine

with other atoms by losing, gaining or sharing electrons.

7 Chemical formulas can be used to write equations that represent
reactions. These equations have to be to give equal numbers of
each type of atom on each side of the equation.

8 Atoms, molecules and ions are rearranged in chemical to form

new substances.

CH+2 REVIEW

1 Whatis the charge on an atom if it: 3 Whatis the formula for a substance containing
a loses one electron? magnesium ions Mg?* and hydroxide ions OH™?
b gains two electrons? A MgOH,
. . B Mg(OH),
2 a Which of the following are elements? C MgOH
How do you know? D Mg,OH
A C,HeO
B NH; 4 The formula for copper sulfate is CuSO,.
C Cu a How many different elements are there in
D F~ copper sulfate?
E H, b What ions are formed when copper sulfate
F NO;~ dissolves in water?
b Which represent compounds? ¢ Iscopper sulfate an ionic or a covalent
Which represent ions? compound?

d Which represent molecules?
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5 What holds atoms together in:
a an ionic compound?
b acovalent compound?

I
\\

6 Balance the following equations.
a C+ Br, —» CBry,
Fe,0O; + C = Fe + CO
P4 + Hz - PH3
C,Hg + O, = CO, + Hy0
Aly(SO,); + Pb(NOs), =PbSO, + Al(NO3)3 |

oD Q0 T

7 Magnesium sulfate solution MgSO,, is mixed with
potassium hydroxide KOH.
a What ions would be in the mixture?
b Predict what new substances would be
formed.
¢ Write a balanced equation for the reaction
you predict.

8 Why s it that copper sulfate solution conducts
electricity but distilled water does not?

9 Theelements X, Y, Zand H form the following
compounds: HX, YX; and YZ. Assuming H has
avalency of 1+, what are the valencies of X, Y
and Z?

10 a When nitric acid (HNO3) is added to copper, Figure 2.30 An iron nail in copper sulfate solution
a reaction occurs and a blue solution is
formed. Why is this so? a Write an inference to explain why the
b A brown gas called nitrogen dioxide is also solution lost some of its blue colour.
formed. Infer whether the atoms in this b Use what you have learnt in Section 2.3 about
gas come from the copper or the nitric acid. ions changing partners to write a balanced
Explain your answer. equation for the reaction that occurred.
11 Kai placed an iron nail in some blue copper 12 a List the eight common reaction types
sulfate solution. The next day she noticed that explained in Section 2.3.
the nail was partly dissolved and there were b Give one example for each type of reaction.
grains of copper on the bottom of the beaker. ¢ If possible, write a chemical equation for
The solution had lost some of its blue colour. each of the reactions you have described in b.

(See Figure 2.30.)

Check your answers
on page 342.
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Mole calculations
What is a mole?

Chemical reactions always involve huge
numbers of atoms, which are incredibly

small. It is impossible for us to count

how many atoms are involved, so we use
Avogadro’s number to make the calculations
more manageable. You are probably familiar
with buying a dozen eggs or half a dozen bread
rolls. In the same way that a dozen always

of particles. By using the concept of a mole,
we can easily weigh out samples and calculate
how many particles are in that substance.

So what do we use moles for? If we know
the number of moles of a substance, we can
use it to figure out how many moles of other
substances it reacts with, and the quantity of
products that is formed. For example, look at
the following balanced equation:

2Mg + 02 — 2MgO

This equation tells us that two atoms of
magnesium react with one molecule of oxygen
gas. The law of multiple proportions says that

means 12, or half a dozen is six, a mole is
always 6.022 x 1023 atoms or molecules.
That’s 602 200 000 000 000 000 000 000
atoms or molecules!

when elements combine to form compounds,
they do so in the ratio of whole numbers.
Combining this with the mole concept we can
conclude that two moles of magnesium will
react with one mole of oxygen. Can you figure
out how many moles of magnesium oxide
will form?

| Potassium manganate (VII)

One mole of a range of substances. While they have
different masses, they all contain the same number
of particles.

Avogadro’s number may look daunting,
but the idea behind it is simple. It allows us
to weigh out 1 mole of a substance, because
\ 6.022 x 1023 atoms of an element have the
' same mass in grams as its relative atomic
mass from the periodic table. This means that
1 mole of any substance has the same number

Magnesium ribbon burning

ISBN 978 1 4202 3838 9
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Atoms’ molecules and moles If we want to know how many atoms of

hydrogen we have, we need to know that

each molecule of H, contains two atoms of
hydrogen. So to calculate the number of atoms
of hydrogen, we multiply the number of
molecules by 2.

Now that we know that one mole always
contains 6.022 x 1023 atoms or molecules, we
can figure out how many moles we have, given
different numbers of particles.

number of particles number of atoms = 2 x number of molecules
Avogadro’s number 2x3.011 x 105

6.022 x 1023

number of moles =

or

_ number _ Avogadro’s .
“of moles ©  number Questlons

1 Calculate the number of atoms, given the
following number of moles:

number of particles

Example 1: Hydrogen atoms

R

How many atoms of hydrogen (H) are there in a 0.8 mole of silver
0.5 mole of hydrogen? b 0.1 mole of neon Bl
To calculate this, we use a formula that ¢ 3.5moles of carbon T

allows us to convert between the number of

moles and the number of particles 2 Calculate the number of molecules, given

the following number of moles:

P e

So, number of atoms = 0.5 x 6.022 x 1023 a 1.3 moles of oxygen gas (0,) | ’J

= 3.011 x 10 atoms of H b 7 moles of water (H,0) (159
Example 2: Hydrogen molecules ¢ 0.2 mole of ammonia (NH3) 1l ‘E
What if we had 0.5 moles of hydrogen gas (H)? 3 Use your answers from question 2 to . ' ‘
Would we have the same number of particles? calculate the number of atoms in each
And would we have the same number of atoms? of the three samples.

Let’s take a look.

number of molecules = 0.5 x 6.022 x 1023
= 3.011 x 1023
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A {AT From the periodic table, we know that the Calculate the molar mass of the following
‘{' i \‘1 . relative atomic mass of carbon is 12.01. So if compounds:
M \ ‘ we have 12.01 grams of carbon, we have 1 mole a  nitrogen gas (N>)
| : \ % of carbon. To calculate the molar mass of a b carbon dioxide (CO)
3 4 \ i molecule, we must combine the masses of the ¢ copper sulfate (CuSOy)
a atoms within that molecule. Oxygen gas has d aceticacid (CH;COOH)
| the formula O,, so that means that to calculate e ammonium sulfate (NH,),S0,

—_—

<
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o |
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\

the molar mass, we need to double the atomic
mass of oxygen.

Example 1: Water
The molar mass of water can be calculated by
adding the masses of 2 hydrogens and 1 oxygen.

(2 x1.008) +16.00
18.016 g/mol

molar mass of H,O

We use the units g/mol to show that we have
that many grams per mole.

Example 2: Zinc nitrate
First we identify how many atoms of each
element we have within the molecule. Zinc

nitrate has the formula Zn(NOs),, so we have
1atom of zinc, 2 nitrogens and 6 oxygens.

Atomic masses:

zinc 65.38
nitrogen 14.01
oxygen 16.00
molar mass = 65.38 + (2 x 14.01) + (6 x 16.00)

189.40 g/mol

Zn (NO3),

zinc nitrate

Mass to moles

Now that we can calculate molar masses, we
can use this information to convert between
number of moles and mass. This allows us to
weigh a sample and instead of having to count
out how many atoms are in it, we can calculate
the number of moles instead.

For example, if we have 24.02 g of carbon,
we can divide that by the molar mass (the same
as the atomic mass for an element) to calculate
how many moles we have.

mass of our sample
molar mass

number of moles

So the number of moles of carbon would be
calculated as:

number of moles of carbon = 24.02/12.01=2

This allows us to convert between the mass
of a substance and the number of particles.
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Example 1: Iodine
Calculate the number of moles in 469.5 g of
iodine.
mass
atomic mass

469.5/126.9 =3.7

number of moles

Example 2: Magnesium

Calculate the mass of 5 moles of magnesium
mass = number of moles x atomic mass

5% 24.31

121.55 ¢

Example 3: Carbon dioxide

Calculate the number of moles in 300 g of

carbon dioxide.

molar mass of CO; = 12.01+32.00 = 44.01
mass

molar mass

300/ 44.01=6.82

number of moles

The noble gas xenon is used in car headlights.
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Extra for experts 1

Questions

Calculate the number of moles in the
following:

a 0.7 gof helium

b 158 gof gold

¢ 20 gof calcium oxide

Calculate the mass of the following:

a 0.37 moles of sodium

b 14.8 moles of xenon

¢ 2.94 moles of methane (CH,)

d 0.1 mole of copper sulfate (CuSO,)
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Science Understanding

> investigate how the rate of chemical
reactions is affected by temperature,
concentration, surface area and
catalysts

> consider the role of energy in
chemical reactions

> predict the products of a reaction
between solutions of two ionic
compounds

Science Inquiry Skills

> design and evaluate an experiment
to investigate how a particular factor
affects the rate of a reaction

> investigate whether common
compounds produce heat
(exothermic) or take heat from their
surroundings (endothermic) when
they dissolve

> carry out an experiment to test the
hypothesis that mass does not
change in a chemical reaction

> evaluate students’ experimental

reports to see if their results are

reliable and their conclusions valid

o
L
[
o
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L
o
&
L
[
=

He3
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\@ GET STARTED: EXPLORE When the mixture has turned to a thick slime, wash

it thoroughly in running water and dry it with a paper
towel.

SiIIy putty Experiment with the slime to see what its properties
are. For example, can you stretch it? Does it bounce?
Was there a chemical reaction when you mixed the
glue and the borax solution? How do you know?

Did the food colouring take part in the chemical
reaction? How could you find out?

You can store your slime in a sealable plastic bag or

container.

Try making silly putty using the instructions below. You
may be able to do it at home.

1 Measure out about 6 teaspoons of PVA glue into a
small container, and add two or three drops of food
colouring.

In another container dissolve about a quarter of a
teaspoon of borax in 20 mL of water. (Wash your
hands after using the borax.) Slowly add this solution
to the glue, stirring constantly.
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o 31 Predicting a Collision theory

/

< re aCtion When trying to.predict if a reaction will occur,
we have to see if the reaction meets each of
When we observe chemical reactions happening, the conditions of the collision theory. This
there are many factors that affect how that theory says that for a reaction to occur, atoms,
reaction is happening, or whether it will happen ions or molecules must collide with the correct
at all. We know that all reactions involve atoms, orientation and with sufficient energy. This
and that when a reaction occurs, there is a means that in order for carbon monoxide and
rearrangement of atoms. This means that bonds oxygen gases to react with one another, they
are broken and new ones formed. The newly need to collide in the right way, so that the O-O
formed substances are called products. bonds break. They also need to collide with
When carbon monoxide (CO) and oxygen gas enough energy, so that the bonds can be broken.
react together, they form carbon dioxide (CO5). Whenever we observe a chemical reaction
In that process the O, molecules break apart, and occurring, these two conditions of the collision
each O atom bonds to a CO molecule to form CO,, ~ theory must have been met.

as shown below. To understand why this reaction
does not occur every time the gases are mixed, we
need to understand what conditions need to be
met in order for a reaction to take place.

CO, formed

P -

2CO + 0,—= 2CO,

—-  NO reaction

Figure 3.1 Carbon monoxide and oxygen won't react unless the
molecules collide with the correct orientation (O atom hitting C atom,
not O hitting another O atom) and with enough energy.
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A precipitation reaction

When new substances are formed in a chemical
reaction, we know that the reactants must have
collided in order to produce them. We will now
look in detail at the reaction between solutions of
potassium iodide and lead nitrate.

Potassium iodide is an ionic compound with the
formula KI. It consists of K" ions and ™ ions. In
solid potassium iodide, the ions are packed closely
in a crystal lattice, like the sodium chloride lattice
(Figure 2.5 on page 34). When the solid dissolves in
water, the positive and negative ions break apart
and spread throughout the solution.

Kl - K' + I’

Similarly, lead nitrate Pb(NO3), breaks up to form
lead ions Pb2* and nitrate ions NO3™ in solution.

Pb(NO3), — Pb%* + 2NO3~

You can now try to predict what might happen
when potassium iodide and lead nitrate solutions
react. You can use spheres of different sizes and
colours, as shown on the right, to represent the
various ions.

When the two solutions are mixed, the four
ions also mix. (This is like putting all the spheres
in a box and shaking it.) The ions are constantly
moving, and there is a good chance that they will
bump into each other and possibly combine.

Lead ions can bump into nitrate ions or iodide
ions, but are not likely to bump into potassium
ions. This is because lead ions and potassium ions
both have the same charge, and like charges repel.
Similarly, potassium ions can bump into nitrate
ions and iodide ions.

So, there is a possibility that the ions could
change partners. Lead ions could combine with
iodide ions to form lead iodide. Similarly,
potassium ions could combine with nitrate
ions to form potassium nitrate.

Y Y

solution of Pb(NO3)o

The solutions

are mixed. '

Prediction: the ions can change

Figure 3.2 A precipitation reaction

So, you can predict that when lead nitrate and
potassium iodide are mixed, two new substances
(lead iodide and potassium nitrate) could be
formed. The word equation for the reaction is
shown below. You can test this prediction in
Investigation 3.1.

o

lead nitrate + potassiumiodide — lead iodide + potassium nitrate

(N |
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6&1\ What is the precipitate?

Aim
To investigate the precipitate that forms when lead
nitrate and potassium iodide solutions are mixed.

potassium iodide
solution

PART A

Materials

+  2testtubes
+  testtube rack
+ lead nitrate solution (0.1 M)

= —

=

|

+ potassium iodide solution (0.1 M)

piece of filter paper

filter funnel < . lead nitrate
+ stand and ring clamp ﬁo%ersgvrvlge < solution
+ small beaker —

\_/

. washbotleconamngwater GG 09 )
+ watch glass ppens.

disposable gloves (optional) 3 Fold a filter ;

paper and open
Risk assessment and planning itoutintoa Fold
Read both parts of the investigation carefully. cone, as shown. here.
: . You can also
What is the aim of Part B? use fluted filter

Lead and all lead compounds are toxic. So be paper.

very careful not to get them on your hands or 2

clothing. Wash your hands well after using |

these chemicals. You must follow the method :

and safety precautions closely. Then fold h

en 1o ere.
+  How will you dispose of the lead and lead
compounds? 3

Since iodine fumes are produced in Part B,

step 2 should be done in a fume cupboard.
Method Pull this single flap away

from the other three.

1 Quarter fill one test tube with lead nitrate
solution, and the other with potassium iodide 4
solution.

2 Pour the potassium iodide solution into the lead
nitrate solution.

<0

This forms a cone.
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4 Place the cone into the filter funnel and use the
wash bottle to wet the paper to hold it in place.
Carefully pour the contents of the test tube into
the funnel and collect the filtrate in the beaker.
Pour this into a special waste container.

~

Keep yellow solid
for Part B.

Pour filtrate
into waste
container.

5 Lift out the paper cone, spread it out on a watch
glass and leave the yellow solid to dry, overnight

if possible. You may be able to use a drying oven.

Keep the yellow solid for Part B where you will
test to see which ions it contains.

Discussion

1 The yellow solid is called a precipitate. Could it
be lead nitrate or potassium iodide? Explain.

2 According to the equation at the bottom of
page 65, which two substances could the
precipitate be?

3 How could you test that the filtrate contains
something besides water?

ISBN 978 1 4202 3838 9

PART B

Materials

+ yellow solid from Part A
+ 2 small test tubes
+ test tube holder
spatula (narrow type)
+ burner and heatproof mat

+  matches

+  cotton wool
+  white tile
Method

1 Light a burner in the fume cupboard and adjust it
so that you have a very small blue flame.

2 Use the spatula to put about half of the yellow
solid into a test tube. Place a loose plug of cotton
wool in the mouth of the tube (to prevent iodine
fumes from escaping). Heat the test tube over
the burner flame. If the solid produces purple
iodine gas, it contains iodide ions.

3 Light a match and let it burn briefly. The black,
charred end is mainly carbon.

4 Dip the charred end into water, then into some of
the yellow solid. (The water is to help the yellow
solid stick to the match.)

SAFETY GLASSES
MUST BE WORN

water

yellow solid

Warning: Remember to
wash your hands when
you have finished.
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5 Hold the tip of the match just in the burner
flame for a few seconds. Watch carefully what
happens. If tiny drops of silvery lead form, then
the yellow solid contains lead ions. Put the
match on a white tile and look for any signs of
lead. A simple test is to rub it on paper. Lead
leaves a black mark.

6 Place any remaining yellow solid (and the test
tube from step 2) in a special waste container.

Discussion
1 Which ions does the yellow solid contain?

2 Suggest a name for the yellow solid. Write down
its chemical formula.

Explaining the reaction

When lead nitrate and potassium iodide are
mixed, there are four different ions in the
solution. See Figure 3.2 on page 65. The reason the
lead ions combine with the iodide ions is that lead
iodide is very insoluble in water. Each lead ion
Pb2* combines with two iodide ions I~ to

form a precipitate of lead iodide PbI,. Hence

the equation for the reaction is as follows.

Pb(NO3)2(aq) + 2KI(aq) — Pbly(s) + 2KNO3(aq)

See you later Nitrate .
T+ was nice knowing you.

3 Write a balanced equation for the reaction that
occurred in Part A.

4 The yellow solid was once used as a paint
pigment, but it is not used any more. Suggest a
reason for this.

5 When you heated lead iodide in Part B, the
products were iodine gas (lp) and lead. Write a
balanced equation for this reaction.

6 When you heated lead iodide on a charred
match, it reacted with oxygen in the air to form
lead(ll) oxide and iodine gas. The lead oxide
then reacted with the carbon in the match to
form lead and carbon dioxide. Write balanced
equations for these two reactions.

(Check the equation you wrote in Discussion
question 3 above.)

This equation can be written more simply by
showing only the ions that form the precipitate.
This is called an ionic equation. Because the K* and
NO3™ ions do not take part in the reaction they are
called spectator ions.

Pb%* + 21 — Pbl,

Bye lodine. trave a
nce Twe with Lead.

Figure 3.3 When lead nitrate and potassium iodide are mixed, the lead ions are more strongly attracted to iodide ions

than they are to nitrate ions. So the ions change partners.
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1 Imagine you are agent 006 and have been Solubilities in g/100 mL water
captured by Havoc agents. They have left you at lead magnesium silver
a site in the desert formerly used to
manufacture poisons. They have left two carbtfnate 0.0002 0.01 0.002
identical containers—one containing water chloride 1.0 95 0.0002
and the other a colourless, odourless solution iodide 0.07 140 0.0000002
Zf to?ifhl‘eatd Sitrate. Y%u muit grinktsor?nhor nitrate 55 70 220
ie of thirst. How could you find out whic
container holds the water? (There is a chemistry sulfate 0.004 33 08

laboratory on the site.)

Hmm... Only
scientific
009 deduction will
tell me which is
< b safe to drink.

Let's see how—
eehie, meenie,
minie, moe...

2 The table top right gives the solubilities of various
ionic compounds. The lower the solubility, the
more likely it is that the substance will form a
precipitate. Silver chloride, which has a solubility
of 0.0002 g/100 mL, is virtually insoluble and
forms a precipitate, whereas magnesium nitrate,
which has a solubility of 70 g/100 mL, is very
soluble and would not form a precipitate.

1 Lead nitrate and potassium iodide will not react
unless they are dissolved in water. Write an inference
to explain this.

In the reaction Pbl, = Pb + I one element gains
electrons and the other loses electrons. Explain how
this happens.

2

w

Write a correctly balanced equation for each of the
following reactions.
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a  What is the solubility of:
+ lead nitrate?
+ magnesium carbonate?

b Which of the compounds in the table is the
most soluble in water? Which is the least
soluble?

¢ Which group of compounds is the most
soluble—the carbonates, chlorides, iodides,
nitrates or sulfates?

d  Which metal—lead, magnesium or silver—
forms the most soluble compounds?

e Use the table to predict what will happen
when you mix the following:

+ lead nitrate and magnesium sulfate

+ silver nitrate and magnesium iodide

+ magnesium chloride and sodium
carbonate.

Write a balanced equation for each reaction.

f  Which compounds would you need to mix to
form a precipitate of silver chloride?

Write ionic equations to show what happens
when the following ionic compounds dissolve
in water. (See page 65.)

a sodium chloride

b copper sulfate

¢ magnesium nitrate

d sodium phosphate

a Magnesium carbonate powder reacts with

hydrochloric acid to produce a solution of
magnesium chloride, carbon dioxide and water.

Copper reacts with concentrated sulfuric acid
(H2S04) to produce a solution of copper(ll)
sulfate, sulfur dioxide and water.

Lead(ll) nitrate solution reacts with potassium
chromate (KoCrQy4) to produce a yellow
precipitate of lead chromate.
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70

3.2 Reaction rates

SLOW RATE

Rusting Digestion

Figure 3.4 Slow to fast reactions

When you boil an egg, the egg looks and tastes
different from the egg you started with. The
boiling of the egg is a chemical reaction. Reactions
occur whenever new substances with different
properties are formed.

Some reactions occur very slowly. For example,
the chemical weathering of rocks can take
thousands of years. The rusting of iron and the
decay of dead plants and animals both involve
slow reactions. The digestion of food is faster,
but it still takes 3—5 hours to digest a meal. If you
cut yourself, it takes a few minutes for your blood
to clot.

At the other end of the scale are very rapid
reactions. The borax and glue in the Getting
started activity reacted instantly, burning is a fast
reaction, and the reactions in an explosion occur
in less than a thousandth of a second!

The speed of a reaction is called its reaction
rate. A slow rate means the reaction takes a long
time. A fast rate means it takes only a short time.

Temperature and rate

Belinda often fixes things around the house using
Araldite glue, for which you mix the materials in
two tubes to make a glue. She has noticed that
the glue sets more quickly on warm days than
on colder days. She wonders whether the glue-
setting reaction is faster at higher temperatures.
When she asks her teacher about this, he suggests
that she does an experiment to find out.
Belinda’s teacher discusses with her how to
measure the rate of the reaction. He talks about
reactants and products, and tells Belinda she

FAST RATE

could measure the rate at which the product is
formed. In other reactions, such as when acids

react with metals, it is
easier to measure the

rate at which the
reactants are

used up.
©
9 ==
PartA + PartB — epoxy glue
(liquid) (liquid) (solid)
REACTANTS PRODUCT

The teacher tells Belinda about a reaction
in which it is easy to measure the effect of
temperature on reaction rate by measuring
the rate at which the product is formed. When
hydrochloric acid is added to hypo (sodium
thiosulfate), the solution turns cloudy after a
while. The cloudiness is due to a reaction in which
the element sulfur forms a colloid.

other

sodium If
—> Sullur + products

thiosulfate

hydrochloric
acid

In Investigation 3.2 you can try this reaction
yourself. The aim of the investigation is to find an
answer to the research question.
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Temperature and

reaction rate

Research question

How does temperature affect the rate of reaction
between hypo and dilute hydrochloric acid?

Materials

+ dilute hydrochloric acid (1 M)
+ sodium thiosulfate (hypo)
solution (0.2 M)
10 mL and 50 mL measuring
cylinders
« 100 mL flask
+ stopwatch
sheet of white paper
thermometer
500 mL beaker
ice

&

SAFETY GLASSES
MUST BE WORN

Risk assessment and planning

Discuss with your partners what you will
be doing in each part. Sort out who will do
what.

Which variables will you need to control
(keep the same) in this investigation?
What safety precautions will be necessary?
Design a data table for Part B.

PART A

1 :/ In your science notebook, write an answer
to the research question. In other words, write
a hypothesis about how temperature affects
reaction rate.
(A hypothesis is a generalisation that can be
tested.) You can write your hypothesis in several
different ways. You could say: If the temperature
is , then the reaction rate will be _____.
Alternatively, you could say: The the
temperature, the the reaction rate.

2 J Will hypo and hydrochloric acid react faster
at 10 °C or at 40 °C? Use your hypothesis to
write a prediction.

ISBN 978 1 4202 3838 9

PART B

Method

1 Measure out 50 mL of hypo solution into the
small flask. Use a thermometer to measure the
temperature of the solution.

< . .
£/ Record this as room temperature in your
data table.

2 Mark a cross with a pen on a sheet of white
paper. Stand the flask on top of the cross.

When hydrochloric acid is added to the hypo
solution, it goes cloudy due to a sulfur colloid.
The cross will seem to disappear when you
look down through the neck of the flask.

3 Add 5mL of acid to the flask and start timing.
Swirl the flask twice and note the time when
the cross disappears.

-
£_J Record the time for the reaction. This is
called the reaction time.

4 Wash out the flask.
Measure out another
50 mL of hypo and
add it to the flask.

5mL dilute
hydrochloric
acid

50 mL hypo
solution
at room
temperature

b
Note: You can obtain more reliable results if

you use a light intensity probe and datalogger
‘kto measure when the mixture goes cloudy.
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5 Put some water in a 500 mL beaker, and add 3 Which was the independent variable in this
some ice. Put the flask in the beaker of ice and experiment—the variable you purposely
let the hypo cool to about 10 °C. changed? Which was the dependent variable—

the variable you measured?

4 Which were the controlled variables in this
investigation?

5 To give you a better idea of how the reaction
rate changes with temperature, draw a graph of
reaction time against temperature, as shown
below.

10°C —

First decide on a suitable scale for the reaction
time and the temperature axes. Mark each point
on the graph with a cross. Then join up the
crosses with a smooth curve. Remember, the
curve does not have to go through each point—
as long as it shows the general trend of the
results.

6 When the hypo has cooled, quickly take the
flask out of the ice, wipe the water from the
outside, and put the flask over the cross. Add
5 mL of acid immediately, start timing, and
swirl the flask twice.

’ﬂr . .
/_J Record the reaction time and the
temperature of the hypo.

How reaction time varies
with temperature

7 Wash out the flask again. Measure out another

50 mL of hypo, and add it to the flask. ‘:J',’
1S
8 Put some hot water (from the hot tap, or water =
heated to about 60 °C) in the beaker. Sit the Ke]
flask in the beaker and let the hypo warm to i
about 30 °C. &
3 Temperature (°C)
6 Explain the shape of the graph. Does the graph
support your hypothesis?
7 Why did you swirl the flask twice for each
30°C _ reaction?
8 Do you think the investigation could be

improved? If so, give details.
9 Repeat step 6.

10 Repeat for 40 °C, and again record your results. PART C
Discussion
1 At which temperature was the reaction fastest? 1 Using your graph from Part B, what do you
Was your prediction in Part A step 2 correct? predict for the reaction time at 35 °C? At 50 °C?
2 Use your results to decide whether your original 2 Repeat the reaction at 35 °C and 50 °C.
hypothesis was correct. If necessary, rewrite it. £} How accurate were your predictions?
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Everyday reactions

In her science project Belinda studied many
different reactions. She found the same thing

for each reaction—the reaction rate increases as the
temperature increases. An everyday example of this
occurs in cooking, in which you need heat to make
reactions go. As you increase the temperature,
these reactions go faster.

Many reactions that depend on temperature
also occur inside living things. Plants usually grow
more rapidly in summer than they do in winter.
The body temperature of all animals except
birds and mammals changes with that of their
surroundings, which is why snakes and lizards
are inactive in winter and much more active in
warmer weather.

In some cases, it is important to slow down
reactions by decreasing the temperature. For
example, the spoiling of food is caused by
chemical reactions that can be slowed down by
keeping food cold in a refrigerator.

Figure 3.5 The tablet in hot water on the right reacted and
dissolved faster than the one in cold water on the left.
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Explaining reaction rates

Chemical reactions can be explained in terms
of the particle theory of matter, which you have
learnt about in previous studies.

The particle theory of matter

All matter is made up of tiny particles too small
to see.

There are spaces between the particles.

There are attractive forces between particles.

The weaker these forces are, the further apart

the particles are.

The particles are always moving.

At high temperatures the particles move faster than
they do at low temperatures.

Temperature

A reaction can occur only when the particles of
the reacting substances come into contact with
each other. According to the particle theory, as
the temperature increases the particles move
faster and collide more often. They also collide
more violently (more energetically) than they do
at lower temperatures. For these two reasons,
reaction rate increases with temperature.

Figure 3.6 At higher temperatures the particles have more
energy and collide more often and more violently. This is why
chemical reactions are more likely to occur.
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Concentration

There are other variables besides temperature
that affect reaction rate. Concentration is a
measure of how much solute is dissolved in a
certain volume of solution.

o o o o
o o o
o o Oy
o o ©
o] (o]
\ J (o ML) ()

A concentrated solution
contains a large amount
of solute dissolved in
the same volume of
solvent.

A dilute solution
contains only a small
amount of dissolved
solute in a certain vol-
ume of solvent.

Figure 3.7 The difference between dilute and concentrated
solutions

A higher concentration of a reactant usually
increases the reaction rate. This is because the
reacting particles are closer together and there are
more collisions. For example, household bleach
can be used to remove stains on clothing. If the
stains are particularly bad, you need to put more
bleach into the wash to increase its concentration.
Similarly, concentrated acids ‘eat away’ metal
more rapidly than dilute acids.

Surface area

The rate of a reaction is also affected by whether
the reactants are in big pieces or are finely
powdered, or somewhere in between. For
example, a wooden log burns fairly slowly, but
chips of wood burn almost instantly. The reason
for this is that only the wood on the outside of the
log can burn (react with the oxygen in the air).
Once the outside layer has burnt, the next layer
can burn, but the process is slow.

When the log is broken up into chips, there is
much more wood that can burn. In other words,
the chips have a greater surface area than the log.
So the greater the surface area of the wood, the
faster it burns. )

wood
chips

log

fast reaction

slow reaction

Another good example to show the effect of
surface area is the reaction of zinc with dilute
hydrochloric acid. Pieces of zinc react slowly,
whereas zinc foil reacts more rapidly, and zinc
powder reacts very rapidly. This is why powdered
metals such as zinc are dangerous. They react so
quickly with some substances that an explosion
may occur.
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Students in a Year 10 science class were asked to
design and conduct their own experiments to investigate
how quickly sugar dissolves in water. Below are the
experimental reports written by two of the students.

Aim
To show that the amount of sugar added to water
changes how long it takes to dissolve.

Method

1 We put a sugar cube into 100 mL of hot tap water.

2 We measured the time it took for the cube to dissolve
completely.

3 We repeated the experiment using 2, 3,4, 5and 6
cubes of sugar.

Results
Number of Time for sugar to
sugar cubes dissolve (seconds)

1 5

2 1

3 15

4 20

5 25

6 30
Conclusion

If you double the amount of sugar, it takes twice as long
to dissolve.

Aim
To see if the amount of sugar changes the time taken for
the sugar to dissolve in water.

Method

1 We put a level teaspoon of sugar in a beaker of water
kept at 80 °C using a Bunsen burner.

2 We stirred the water and measured the time taken
for all the sugar to dissolve.

3 We did this three times and then calculated
the average dissolving time.

4 We repeated the whole experiment using 2, 3
and 4 teaspoons of sugar.

Results
Amount Temp Time to Average
of sugar (°c) dissolve time to
(teaspoons) (s) dissolve
(s)
1 80 3,33 3
2 80 8,7,9 8
3 80 13,14,12 13
4 80
Conclusion

The more sugar you add to a beaker of water at the same
temperature, the longer it takes for the sugar to dissolve.

Questions

1 Is Pedro’s conclusion correct? Explain your answer.

2 Complete Libby's table by predicting the average time
taken for 4 teaspoons of sugar to dissolve.

3 The teacher said both experiments had some
weaknesses and could be improved. Give two
weaknesses in Pedro’s method and explain why you
think each is a weakness.

4 Give two weaknesses in Libby's method and explain
why you think they are weaknesses.

5 Whose results do you think were more reliable?
Justify your answer; that is, give a sound reason
forit.

6 From these two experiments is it valid to conclude
that a teaspoon of sugar dissolves faster in water
than a sugar cube does? To draw a valid conclusion
from an experiment the variables must be properly
controlled. The results must also be
logical and relevant to what you
are trying to find out.
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EXPERIMENT 3.1 What affects the rate?

Research question of reaction. Display your results in a data
table and in a graph.

+ Make sure you control all variables except

1 concentration of the reactants? the one you are purposely varying.

2 surface area of the reactants? * If possible, repeat your experiment to

see if you get the same results. If you

do, then you can be more confident your

How is the rate of a reaction affected by the:

3 mixing of the reactants, e.g. by shaking or

stirring? .

conclusions are correct. If someone else
Design an experiment (or experiments) to answer repeats your experiment and gets the same
one or more of the questions above. results, you can be even more confident.

. . . Results like this are said to be reliable.
Planning and reporting hints
1 Decide which question you are going to
investigate. Then plan your experiment carefully,
keeping safety in mind. Read the following hints. 3 Write a report of your experiment (or
experiments) using these five headings:

2 Discuss your design and safety precautions with
your teacher before you start the experiment.

+ To answer Question 1 you could use the

reaction between hypo and hydrochloric a Inthe Aim, make sure you state the
acid (Investigation 3.2). You could vary the hypothesis you plan to test.
concentration of either the hypo solution or b Inthe Method, list the materials you
the hydrochloric acid. To make a solution used and what you actually did,
less concentrated you need to add a including how you controlled variables.
measured volume of water. ¢ Under Results, include your observations.

* You could try the reactions of hydrochloric Use data tables and graphs where
acid with magnesium ribbon or marble appropriate.
chips (calcium carbonate). For Question 2, d Inthe Discussion, suggest where you might
magnesium ribbon could be cut into have made an error or how the experiment
smaller pieces, and marble chips could could be improved.
be crushed. e Inthe Conclusion, state whether or not

+ Try to make quantitative observations by the results support (agree with) your
working out a way of measuring the rate hypothesis.

I reckon I'm gonna
win this billy boiling

I wouldn't be Hal T've scientifically calculated the Yeah..

competition. so sure of that surface area of each twig, log and but T've
if T were you. sheet of paper and combined them got the

in the perfect concentrations to only box of
matches.

create the optimum heating result.
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ACTIVITY &

Catalysts

Reactions can be speeded up by increasing the:
o temperature

« concentration of the reactants

o surface area of the reactants.

Reactions can also be speeded up by using
catalysts (CAT-a-lists).

For this activity you will need two sugar cubes,
a glass dish, matches and some ash from
burnt paper.

1 Put a sugar cube on a dish and see if you
can set fire to it with a match. It melts and
chars but doesn't burn.

2 Now dip a second cube in some ash and
again try to burn it. What happens?

The ash is acting as a catalyst for the burning
of the sugar cube. It speeds up the reaction,
without being changed itself.

9

Aim
To investigate whether manganese oxide and

other substances act as catalysts for the
decomposition (breakdown) of hydrogen peroxide.

Materials

+ beaker, e.g. 250 mL
+ fresh hydrogen peroxide solution (3%)
+ 6 test tubes and test tube rack
iron filings
sand or dust
piece of fresh potato
+ piece of liver (or other red meat)
+ short piece of string (jute) or taper
+ spatula
manganese dioxide
iron(lll) chloride
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SAFETY GLASSES
MUST BE WORN

Catalysts are used in industry to control the O\
speed of reactions and to reduce the costs of \ %.
producing chemicals. For example, nickel is —
used to make margarine from vegetable oils.
Self-cleaning ovens are coated with a catalyst
that helps to burn small food particles that stick
to the oven walls.

Although catalysts are mostly used to speed
up reactions, they can also be used to slow
down reactions. Nitroglycerine has a tendency
to explode unexpectedly of its own accord.
To make explosives containing nitroglycerine
safer, a small amount of another chemical (urea)
is added. It acts as an inhibitor—slowing down
the reaction. Rubber perishes as a result of a slow
reaction with the oxygen in the air. To slow down
this reaction, an inhibitor is added to the rubber
during manufacture. P

Many chemical reactions occur in living things. (u/ﬁ'
These reactions need biological catalysts called =
enzymes (EN-zimes) to control them, otherwise
they would occur much too slowly to keep the
organisms alive.

Action of catalysts

Risk assessment and planning
+  Which substances will you test as

catalysts?
If you need a data table, design one.
Make a list of risks for this activity

Note: If you add two drops of detergent to
each tube, the height of the foam produced
in a certain time gives you an indication of
the rate of the reaction.
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PART A

Method

1 Add 2 mL of hydrogen peroxide to a test tube.
L‘} Is there any reaction at room temperature?

2 Half fill a beaker with hot water. Put the test
tube in the hot water and watch it carefully.
ﬁ Record your observations.

3 Put 2 mL of hydrogen peroxide in a second test

tube and add a small amount of manganese
dioxide powder (about this size @).

-
£/ Record your observations.
Do this at room temperature and in hot water.

manganese dioxide

hydrogen hot water

peroxide

4 Light one end of the piece of string, then blow it
out so that it has a glowing tip. Put this glowing
tip into the test tube. If the string bursts into
flame, oxygen is present.

glowing
string

5 Observe what is left around the mouth of the
test tube.

6 Repeat the experiment using other
substances instead of manganese dioxide.
You could use iron chloride, iron filings, sand,
a piece of fresh potato, a piece of liver (or other
meat).

-3 .
£/ Record your results in a data table. For
each substance tested, say whether or not it
speeded up the reaction.

Discussion

1 Suggest why you heated the hydrogen peroxide
in step 2.

2 Did the manganese oxide act as a catalyst
for the decomposition of hydrogen peroxide?
Explain your answer.

3 What substance was produced as the
hydrogen peroxide decomposed?

4 The other product of the decomposition is
water. Write a word equation to describe the
reaction.

5 |If a catalyst is not used up in a reaction, predict
what should happen if you added another 2 mL
of hydrogen peroxide to the test tube after
step 5.

6 Which of the other substances you tested was
the best catalyst for the decomposition of
hydrogen peroxide?

PART B

Some living or once-living things contain a
biological catalyst that acts on hydrogen
peroxide. Test various plant and animal materials
to see if they contain this catalyst. You could
bring these substances from home. (You might
need to grind up most of the substances with
sand before adding them to the peroxide. You
could use a mortar and pestle to do this.)

Does boiling the substances affect their ability
to act as catalysts?
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The teacher added concentrated nitric acid

to a copper coin in a Petri dish. The students

made the following observations. Which one of

these observations is to do with the rate of the

reaction?

A A brown gas was produced.

B The solution turned a greenish-blue.

C The coin was partly eaten away.

D The bubbling
stopped
after about
5 minutes.

List three variables that can affect the rate
of a reaction.

Green tomatoes can be picked and left in a
warm place to ripen. However, if they are put
in a refrigerator, they ripen much more slowly.
Why is this?

Suppose you want to react iron with
hydrochloric acid. You can use an iron bolt

or iron filings. The acid can be dilute or
concentrated. And you can do the reaction at
0 °C, room temperature (about 20 °C) or 60 °C.
Which conditions would give you the fastest
reaction? Which conditions would give the
slowest reaction?

Two solutions X and Y are being reacted
together in an industrial plant by mixing them in
a large container. Suggest at least two ways in
which the reaction could be speeded up.

Which will corrode more quickly—a pipe that
carries hot water or one that carries cold
water? Explain.

A scientist did an experiment to see how
effective the following solids were as catalysts
for the decomposition of hydrogen peroxide
solution: copper oxide CuO, lead oxide PbO,
manganese dioxide MnO,. He obtained the
results below in a series of experiments using
equal volumes of hydrogen peroxide of the
same concentration.
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Volume of
Mass of oxygen (mL)
Solid solid added | produced in the
(9) first minute of
the reaction
granular Mn0O, 0.1 3
powdered Mn0O, 0.1 24
powdered MnO; 0.2 56
powdered Pb0, 0.1 90
powdered Cu0 0.1 0

Volume of gas (mL)

a  Which of the solids in the table does not
act as a catalyst for the decomposition of
hydrogen peroxide?

b Which of the solids is the most effective
catalyst for the reaction?

¢ Explain the differences between the results
for the three tests with manganese
dioxide.

d Did the scientist control variables in this
experiment? If so, how?

The graph below shows the volume of gas
produced in a minute during a chemical
reaction at three different temperatures. Use
the graph to answer these questions.

a  What was the volume of gas produced
during the reaction when the temperature
was 30 °C?

b Predict the volume of gas that would be
produced if the temperature was 60 °C.

¢ Predict the temperature of the reaction
that would produce approximately 15 mL
of gas in 1 minute.

25

20

15

10 /’)(

5 /

0 10 20 30 40 50 60

Temperature (°C)
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Which would rust more quickly—an iron nail or iron
filings? Design an experiment to find out.

Aluminium frying pans can be used in cooking,
yet the label on a container of very fine aluminium
powder warns that the contents are highly
flammable. Explain the difference.

Use the particle theory on page 73 to explain the
following.

a Why does increasing the concentration of the
reactants usually increase the reaction rate?

b Why does increasing the surface area of the
reactants usually increase the reaction rate?

Ammonia gas is used to manufacture fertilisers.

It is made by reacting together the two gases
nitrogen and hydrogen. Temperatures ranging from
400 °C-500 °C are required, and the gases are at
pressures about 250 times normal air pressure.

A porous iron catalyst is used.

a Suggest why high pressures speed up the
reaction between nitrogen and hydrogen.

b What are the other ways in which the reaction
is speeded up?

Kee noticed that the number of chirps a cricket
makes in a minute seems to depend on the
temperature. The higher the temperature, the more
chirps per minute. Design an experiment to test
Kee's hypothesis.

weather's
nothin’ to
chirp
about!

The thyroid gland (which is in the throat) produces
a hormone called thyroxine, which helps the body
‘burn up’ fat. People who are abnormally thin
sometimes have part of their thyroid gland removed
surgically. Suggest a reason for this.

Rennin is an enzyme produced in the stomachs of

young mammals. It reacts with the protein in milk
and solidifies it in a process called clotting.

Imagine that you have been asked to investigate
how the reaction time for the clotting of milk is
affected by temperature. You have a supply of
rennin solution and all the necessary laboratory
apparatus.

a Describe how you would carry out this
experiment.
b What results would you expect?

8 The table gives the results of an experiment
involving five reactions between hydrochloric acid
and marble (calcium carbonate).

Reaction 1(2|3|4|5

volume of conc. acid (mL) | 60 | 30 | 30 | 15 | 60

volume of water (mL) 60 | 30 | 30 | 15 | 60

temperature (°C) 40 | 20 | 40 | 40 | 40

marble (c = chips) clclc|c|op
(p = powdered)

The graph below shows the results.

Volume of CO; produced (mL)

Time (s)

a For each reaction (1-5), identify the correct
graph (A-E). Give reasons for each of your
choices.

b Which reaction was the fastest? Which was the
slowest? How do you know?

¢ Which reaction finished first?

9 Magnesium powder burns very rapidly. Explain how

you could slow down this reaction. Try to come up
with two different solutions to this problem.
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3.3 Energy and mass in reactions

Exothermic and endothermic

Whenever there is a chemical reaction, an energy
change occurs. Energy is produced in some
reactions, and is needed to start other reactions.
An exothermic reaction is one that releases
energy. This energy is usually in the form of heat,
but sound, light and electrical energy can also
be produced. You may have noticed that when
you mix certain chemicals the test tube becomes
warm, indicating that heat energy has been
released. An important exothermic reaction is
combustion (or burning), which releases heat
energy, light energy and some sound energy.
Another exothermic reaction occurs inside your
body during the process of respiration. Most of
the energy from respiration is used to keep your
body working, but some of it is released as heat.

carbon .\ ater + ENERGY

glucose + oxygen — dioxide

Figure 3.9 Our bodies
release heat in the process
of respiration. In this heat
image of a person on a
treadmill, the warmest
areas are red and the
coolest areas are blue.

This keeps your body temperature at about 37 °C,
even when the temperature around you is much
lower. Some exothermic reactions produce
electricity. For example, the chemicals inside a
torch battery react to produce electricity.

An endothermic reaction is one in which
some form of energy must be supplied. For
example, plants need energy from sunlight to be
able to make food from carbon dioxide and water
during photosynthesis.

carbon plant
< + water + ENERGY —
dioxide food

+ oxygen
Sherbet is a mixture of baking soda and citric
acid. When it is mixed with the water in your
mouth, an endothermic reaction occurs, taking
heat energy from your mouth and making it feel
cooler. Cold packs used for treating sports injuries
work in the same way. When the pack is broken,
an endothermic reaction occurs, taking heat from
the surroundings and making the pack feel cold.
Some endothermic reactions require electrical
energy to make them go. For example, when
you charge a car battery, the electricity produces
chemical reactions inside the battery. Electricity
is also needed for electroplating. For example,
when electricity is passed through the silver
nitrate solution (Figure 3.10), chemical reactions
occur and silver moves from the rod to be
deposited as a thin layer on the teapot.

silver
deposited
on teapot

silver nitrate solution

Figure 3.10 Electroplating a teapot
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Research question

Which reactions are exothermic (produce heat)
and which are endothermic (take heat from their
surroundings)?

PART A

Materials

+ 2testtubes

+ thermometer

+ datalogger and temperature probe
(optional)

+ zinc

+ sodium thiosulfate (hypo)

« dilute hydrochloric acid (1 M)

Corrosive

Method

1 Add dilute hydrochloric acid to a piece of zinc
in a test tube. Feel the test tube.

-2
U Is the reaction exothermic or endothermic?

2 In asecond test tube, dissolve a small amount
of sodium thiosulfate in water.

2
U Is the reaction exothermic or endothermic?

3 Your observations so far are qualitative. You can
say that the temperature increased or decreased,
but you cannot say by how much. Repeat steps
1 and 2, but this time use a thermometer to
measure the change in temperature.

ey
L/ Record your quantitative results.

datalogger
and graphing

temperature
P calculator

probe

rature probe connected to a datalogger.

Exothermic or endothermic?

PART B

Materials

+ arange of compounds, e.g. ammonium chloride,
anhydrous calcium chloride, potassium chloride,
potassium hydroxide, potassium nitrate, sodium
chloride

Risk assessment and planning

Each of the salts in the list above dissolves
in water. The process either releases heat or
absorbs it. Your task is to design a fair test
so that you can arrange the dissolving salts
in order, from the most exothermic reaction
to the most endothermic.

Write out your plan, explaining how you will
control variables.

Make a list of the equipment you will need.
Design a data table for your results.

Some of the salts are corrosive and some

are toxic. What safety precautions will you
need to take when using them?

Report

Carry out your experiment and write a report using
the five headings listed in step 3 on page 76.

PART C

Investigate ways of making your results from

Part B more accurate. Here are some hints.

+ Measure the amount of heat produced or taken
from the surroundings. To do this you need to
use the formula:

heat change (joules) = volume of water (mL)
x change in temperature (°C) x 4.2

+ To compare different salts accurately, you
need to measure the heat change per gram of
compound.

+ To reduce heat transfer, you need to insulate
the reaction container.
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Graphing heat change, AH

Changes in heat in a reaction can be shown on a
graph of reaction pathway against the potential
energy.

Figure 3.11 shows an exothermic reaction. In this
case the potential energy of the reactants is higher
than the potential reaction energy of the products.
You can see that energy has been given out by
checking the difference in the potential energy.

The change in energy in the reaction is
represented as delta H (AH), with delta meaning
change. To find the change in energy you would
use the equation:

AH = energy of products - energy of reactants

For this exothermic reaction AH is negative, as
the value of energy in the products is smaller than
that of the reactants, resulting in a negative value.
For example:

AH = energy of products — energy of reactants

AH =200 - 500 = -300 kJ of energy released

EXOTHERMIC REACTION

Heat is released.

reactants

’_';
< AH is negative.
>
<)
(]
c
o
S products
. 5
Figure 3.11 5
An exothermic
reaction Reaction pathway

Figure 3.12 shows an endothermic reaction.
In this case the potential energy of the reactants
is lower at the start, and after the reaction the
potential energy is higher, so energy has been
absorbed. As before, to find the change in energy
you use the equation:

AH = energy of products — energy of reactants

For this endothermic reaction AH is positive,
as the value of energy in the products is larger

than that of the reactants, resulting in a positive
value. For example:

AH = energy of products — energy of reactants
AH = 1500 - 500 = 1000 kJ of energy absorbed

In summary, a negative AH indicates an
exothermic reaction, and a positive AH indicates
an endothermic reaction.

ENDOTHERMIC REACTION

&) products

X

2 | Heatis absorbed.

E AH is positive.

[

g AH
Figure 3.12 £ | reactants
An endothermic 8
reaction

Reaction pathway

Questions

1 Predict the sign of AH and state whether the

reaction will be endothermic or exothermic for a:

a burning candle

b cold pack

¢ heat pack.

2 Calculate AH for the following reactions,

and state whether they are endothermic or

exothermic:

a Areaction has reactants with an energy

of 457 kJ and products with an energy
of 2350 K]J.

b In the reaction H,+F, — 2HF| the energy

of reactants is 1136 k] and the energy of
products is 594 kJ.

¢ Inthereaction 2H, + O, — 2H,0, the energy

of reactants is 1852 kJ and the energy of
products is 1368 kJ.

d Inthereaction 2HBr — H, + Br,, the energy
of reactants is 629 k] and the energy of
products is 732 kJ.

Sketch a graph and label the products and
reactants, and show the value for AH on
the graph for the following reaction:

CH, + 20, — CO, + 2H,0

with energy of reactants = 3338 k] and
energy of products = 2640 kJ.

b Is this reaction endothermic of exothermic?

ISBN 978 1 4202 3838 9
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Lavoisier and combustion

In the 18th century, scientists could not explain
what happened during combustion. They tried to
explain it in terms of the ‘phlogiston’ theory. This
theory said that all metals contained a mysterious
thing called phlogiston (flo-JIST-on). When a
metal was heated, the phlogiston escaped, thus
producing a new substance. However, this theory
was unsatisfactory since most metals increased
in mass when they were heated. If the phlogiston
theory was correct, the metals should decrease in
mass when heated; hence the problem.

The French scientist Antoine Lavoisier
(la-VWAH-zee-ay) set out to solve the combustion
problem. He heated various metals in air and they
all increased in mass. However, when he heated
tin in a sealed flask, there was no change in mass.
When he opened the flask, however, air rushed in
and the mass of the tin increased.

From these observations, Lavoisier inferred
that when the tin was heated, it reacted with
something in the air. He then predicted that the
mass gained by the tin should be the same as the
mass of air used up. If this was true, then there

I say, Lavoisier
old chap, I do
believe I've
discovered
oxygen.

Ah, Monsieur Priestley,
zat is fantastique!
At last we will be able

to breathel

should be no change in mass during any chemical
reaction. To test this hypothesis Lavoisier made
more careful measurements and was able to
convince himself that ‘matter cannot be created
or destroyed’. It can only be changed during a
chemical reaction.

In 1774, Joseph Priestley, the British clergyman
who had discovered oxygen, visited Lavoisier in
Paris. Lavoisier saw the importance of oxygen
immediately. By doing more carefully planned
experiments, it was not long before he had
discovered that both oxygen and nitrogen are
present in air. When substances burn in air, they
combine with oxygen but not with the nitrogen.
Lavoisier also applied his ideas to respiration in
the body, and showed that food reacts with oxygen
to produce energy, as in combustion. In 1786, he
published the results of his experiments—and the
phlogiston theory had to be abandoned.

Lavoisier was very good at organising and
interpreting information, and has been called
the ‘father of modern chemistry’. Perhaps the
most important thing he did was to stress the
need for careful measurements—one of the most
important skills in science.

Because he was a nobleman as well as an
unpopular tax collector, Lavoisier was executed
by guillotine during the French Revolution.

In the experiment on the next page you can
test Lavoisier’s hypothesis for yourself.

Questions

1 What was phlogiston?

2 Why was the phlogiston theory unsatisfactory?

3 What happened when Lavoisier heated metals
in air?

4 Lavoisier heated tin in a sealed flask. When he
opened the flask, air rushed in. How can you
explain this?

5 Complete this sentence: Lavoisier discovered
that air is a mixture of and
When you burn something in air, it reacts
with the
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(T 223 =P Does mass change
in a reaction?

Research question

Does the mass change when vinegar reacts with m
. ” | |
baking soda? string to lower
. test tube into i
Materials bottle
+ large plastic soft drink or sports drink bottle,
with lid
+ 2 small test tubes
+ piece of string
+ baking soda (sodium hydrogen carbonate)
+ vinegar (acetic acid) large
+ teaspoon lf e ] %'gtsttl':
* measuring cylinder U
+ balance (accurate to 0.01 g)
SAFETY GLASSES
MUST BE WORN
Risk assessment and planning
Your task .is to degign an experiment to 20 mL
answer this question: vinegar :
Does the mass of the bottle and its contents t'gsfftfrl‘j'('e \ / .
change when the vinegar reacts with the éi‘gggpi%‘:g)
baking soda?
+ Study the diagram and the list of materials.
In a group, discuss how you will do the Results
experiment. When you have worked this 1 Without the lid, did the mass increase, decrease
out, write down your Method, giving in or stay the same? Suggest why this happened.

detail the st ill take.
ctailthe steps you will take 2 With the lid on, did the mass increase, decrease

Why do you need to do the experiment or stay the same? Explain.

with and without the lid?

List the safety precautions that will be Discussion
necessary. 1 Were your results accurate? Explain.

results. How many rows will you need?

How many columns? 3 Would it be worth repeating the experiment?

Explain.

Before you start, predict what you think
the results of the experiment will be. Conclusion

Were your predictions in the 'Risk assessment
and planning’ box correct? In other words, do your
Method results support the hypothesis that the total mass
Check the steps in your method with your teacher, of the substances in a reaction does not change?
then carry out the experiment.

ISBN 978 1 4202 3838 9
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Law of conservation of mass

Many different reactions have been studied to test
Lavoisier’s hypothesis, and it has always proved
correct. Hence the hypothesis is now called the
law of conservation of mass.

Law of conservation of mass

The total mass of the reactants is always equal to the
total mass of the products.

hydrogen peroxide -

2H-50, —

You can use cardboard cut-outs to make models
of chemical reactions. The cut-outs below
represent molecules of oxygen and hydrogen.

1 Photocopy or trace the oxygen (02) and
hydrogen (H2) molecules below and cut
them out.

2 Use the Hy and O, molecules to make a
molecule of hydrogen peroxide (H20o) as
shown above. You will need to break the
molecules into their atoms by cutting along
the dotted lines. Unless you do this, the
‘reaction’ cannot occur.

3 Now take the Hp0, molecule apart to show
that you need two of them to form two H,0

ACTIVITY &y

What this means is that the number of
atoms that take part in a chemical reaction is
equal to the number of atoms in the products.
For example, the decomposition of hydrogen
peroxide to form water and oxygen can be shown
using the models below. No atoms are lost in the
reaction—they are simply rearranged.

water + oxygen

2H,0 + 02

PRODUCTS
oxygen atoms =4
hydrogen atoms =4

molecules and one O, molecule, as in the
equation above.

4 Use your models to show what happens
when water decomposes to form H, and
Oo. Try to write an equation with the same
number of atoms on both sides of the
equation.

Tip

If you have a molecular model kit, you can make three-

dimensional models. You may even be able to animate
the equation models using computer software.

oxygen (Oy)

86

hydrogen (H)
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CHALLENGE (V»

Copy and complete these sentences.

a Burning is a chemical reaction that
produces mainly and

b The electricity produced by a torch battery
is caused by a .

¢ The reaction used to silver-plate a teapot

needs to make it go.
d Combustion is an example of an
reaction.

is a type of chemical reaction in
which a substance breaks down into
simpler substances.

f  The total mass of the is always
equal to the total mass of the

2 50 mL of hydrochloric acid was added to a
beaker. The mass of the beaker plus acid was
found to be 151.0 g. Then 5.0 g of magnesium
ribbon was added to the acid. After a fizzing
reaction in which all the magnesium was used
up, the mass of the beaker and its contents
was 155.6 g.

a Does this experiment agree with the law of
conservation of mass? Explain.

1 What are the similarities and differences between
combustion and respiration?

2 a When two molecules of hydrogen peroxide
decompose, how many molecules of water
are formed? How many molecules of oxygen?
(Hint: Use the equation on the previous page.)

b If a million molecules of hydrogen peroxide
decompose, how many molecules of oxygen will
be produced?

3 a Joseph Priestley produced oxygen by
decomposing mercury oxide by heating. Write a
word equation for this reaction.

b Write a word equation for what happens when
mercury is heated and reacts with air (oxygen).

Next time your lawn is mowed, make a large heap
from the lawn clippings. Several days later, open the
heap with a garden fork and put your hand close to the
grass. Write an inference to explain your observations.

ISBN 978 1 4202 3838 9

b How could you modify the experiment
to show that mass is conserved in this
reaction?

3 Which forms of energy can be produced in
exothermic reactions?

4 Alog of wood burns, leaving a pile of ashes.
What other new substances have been
produced during the reaction? Is the mass
of the new substances produced during the
reaction the same as the mass of the log to
start with? Explain your answer.

5 Keeping in mind the law of conservation of
mass, explain the following.

a  When a match burns, the mass of the
charred wood and ash left is less than the
original mass of the match.

b When steel wool burns, the mass of the
blackened material is more than the original
mass of the steel wool.

¢ As a plant grows, the mass of the plant is
more than its original mass.

4 Lavoisier found that metals increased in mass
when heated, yet a diamond (carbon) burnt away
completely. Try to explain what happened, using a
word equation if possible.

5 Indira finds that 7 grams of iron filings combine
with exactly 4 grams of sulfur to form 11 grams
of iron sulfide. She repeats the experiment using
5 grams of iron filings and 5 grams of sulfur.

a How much iron sulfide will be formed?

b Part of one of the reactants will be left unreacted
this time. Which one, and how much of it will
be left?
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1

2

The missing words are on the right.

a reaction is called its

2 The rate of a reaction usually

1 Some reactions occur slowly, while others occur quickly. The speed of

area
products
endothermic

conservation

as the temperature increases.

Similarly, the rate usually decreases as the decreases. increases

3 Increasing the of the reactants usually increases the rate of a rate
reaction. catalysts

4 Increasing the surface of the reactants usually increases the concentration
rate of a reaction. temperature

5 are substances that increase the rate of a reaction without exothermic

being used up.

6 Reactions that release energy are called

energy are called
7 The law of

. Reactions that take in

of mass says that the total mass of the reactants in a

chemical reaction is always equal to the total mass of the _____.

..........

CH-3 REVIEW

Which of the following is not true?

A Heating sometimes causes a reaction.

B Some reactions produce electricity.

C Reactions usually take only a few seconds.

D Reactions sometimes produce colour
changes.

John heated a solid in a test tube and found that

its mass decreased. He repeated the experiment

several times—with the same result. Which of

the following is the most likely explanation for the

decrease in mass?

A The solid gave off an invisible gas during
heating.

B Some of the solid melted into the test tube
during heating.

C John spilt some of the solid during the
experiment.

D The test tube expanded when heated and
became lighter.

O

Which of the following reactions are exothermic,

and which are endothermic?

acid reacting with lead in a car battery
baking a loaf of bread

combustion

photosynthesis

respiration inside your body

moow>

Which of the following can be used as an

indication of how fast a chemical reaction

occurs? (There may be more than one answer.)

A the amount of product formed in a given
time

B how rapidly the solutions are mixed

C the amount of heat given off in a certain
time

D how quickly the reactants are used up

E how long it takes to observe a change
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What effect does each of the following have on a
chemical reaction (speeds it up, slows it down or
has no effect)?

adding water to the reactants

heating the reactants

increasing the amount of each reactant
increasing the concentration of the reactants
lowering the temperature of the reactants
using a catalyst

using the reactants in powdered form

Q -0 QO 0 T o

Peter has set up two test tubes as shown. If he
adds the same amount of zinc filings to each
tube, predict which reaction will be faster.
Explain your answer.

A B
1mL 1mL
hydrochloric acid hydrochloric acid
+ +
1 mL water 2 mL water

To each of four test tubes, Carol added 1 mL

of hydrogen peroxide and 5 drops of liquid
detergent. She warmed the tubes by placing
them in a beaker of hot water, and then added
substances A, B and C as shown in the table.

In each tube the mixture frothed up, and Carol
measured the height of the foam.

el
! - 2
2 A 8
3 B 5
4 C 2

a Are any of the three substances catalysts for
the decomposition of hydrogen peroxide?
Which one(s)? How do you know?

b What is the purpose of test tube 1°?

ISBN 978 1 4202 3838 9

Flour in a sack will not burn very well, even when
heated with a blowtorch. However, flour dust in
the air in a flour mill burns so rapidly at room
temperature that a small spark can cause it to
explode violently.

How can you explain this difference in
reaction rates?

The apparatus shown was used to measure the
volume of oxygen produced when the catalyst
manganese oxide was added to hydrogen
peroxide solution.

drop of oil

Lot Tyt v vy 0

graduated tube

hydrogen peroxide

manganese oxide

Time (min) 0| 1 2 13| 4]|5]|6

Volume (mL) 0 |15 20|23 |24 |25 |25

a Draw a graph displaying the results.

b How long did it take for 10 mL of oxygen
to be produced?

¢ How much oxygen was produced in
1%/~ minutes?

d How long did the reaction take to reach
completion?

e How did the rate of the reaction change
with time?

f Tt was suggested that powdered copper is
a better catalyst for the decomposition of
hydrogen peroxide than manganese oxide.
Write a brief plan of an experiment to find
out if this is true.

Check your answers
on page 343.
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IN THIS CHAPTER

Science Understanding

understand how the motion of objects
involves the interaction of forces and
the exchange of energy

use Newton's second law (F = ma)

to predict how a force affects the
movement of an object

use the law of conservation of energy
to describe what happens in a road
accident

explain in terms of energy why no
machine can be 100% efficient

. Science Inquiry Skills

>

>

>

draw and interpret graphs of distance,
speed and acceleration versus time
use motion equations to calculate
distance, speed, acceleration and time
gather data to analyse the motion of
everyday objects, including distance
and time, velocity, mass, acceleration
and force

~
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\@ GET STARTED: QUESTION What is friction and how is it involved in controlling

acar?

Which parts of the car increase friction, and which
In a small group, decide on answers for each of the are designed to decrease friction?

questions below. This should give you some idea of.how Draw a diagram to show the forces that act on a car
much you already know about the science involved in moving at constant speed.

driving a car Which will take longer to stop, a car or a truck?

How do you calculate your average speed for a trip? Explain why.

What is deceleration? What are the crumple zones in a car, and how do
When you have to stop in an emergency, what is they work?

meant by the term reaction time? What other safety devices or systems are fitted to a
When you brake hard you sometimes lose control of modern car to help reduce accidents or injury in an
the car. Why is this? accident? For each one you think of describe how it
Why do you fall forwards when a car brakes suddenly? works.
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4.1 Speed and acceleration
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Three radio-controlled cars, A, B and C, were

being raced against each other. They all crossed

the starting line together. The motion of the three
cars was recorded using a motion detector and

datalogger. The graphs show the position of
each car, measured from the starting line, for

the

first 10 seconds of the race. Use the graphs to

answer these questions.

1 Which variable is measured on the
horizontal axis of each graph?

2 What is measured on the vertical axis?

3 Which car moved at a constant speed
throughout the 10 seconds? How do you
know?

S o

Which car stopped during the race? How do
you know?

How far did each car travel in 10 seconds?

Which car was winning the race after
10 seconds? Explain your answer.

Which car was travelling the fastest at:
a 4 seconds?
b 10 seconds?

Give reasons for your answers.

At what speed did car A travel during the
first 10 seconds?

/

50 50
40 40
£ 30 A £ 30
L
g 20 // I 20
2 2
(a] (a]
10 // 10
0 2 4 6 8 10 0 2

Time (s)

4 6
Time (s)

50
40
- )
(]
Ed
%0 g
o
10
8 10 0 2 4 6 8 10

Time (s)
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Speed

Look at the graph for car A in Figure 4.1. The car
travelled 40 metres in 10 seconds. To calculate its
average speed you divide the distance travelled by
the time it takes to travel that distance. The speed
is usually measured in kilometres per hour (km/h)
or, in this case, metres per second (m/s).

distance travelled

average speed =
L time taken
- 40 m
10s
= 4m/s

You can also find the average speed by
calculating the slope of the distance—time graph.

Vo = & =

slope of graph

50
40 \
€ 30 /
p constant /
e speed Vs d=40m
7 20 N
a /
10 /
/ t=10s R
0 2 4 6 8 10
Time (s)

Figure 4.1 Distance—time graph for car A

You can rearrange the equation using the triangle
rule:

ISBN 978 1 4202 3838 9

You can also calculate the average speed in the
same way you calculate any average:

where v is the final speed and u is the initial
speed.

Notes
1 To convert m/s to km/h you multiply by 3.6.

1 _ 60x60 .
Tm/s = —— km/s 1000 km/h = 3.6 km/h

1000

To convert km/h to m/s you divide by 3.6.

The symbol v is used for speed because v stands
for velocity. Velocity is the same as speed except
it includes a direction; for example, an aeroplane
might have a velocity of 400 km/h north.

Now look at the graph for car B in Figure 4.2.
For the first 6 seconds car B also travelled at a
constant speed. You know this because the graph
is a straight line. The graph is steeper than for
car A, which means that for the first 6 seconds it
travelled faster than car A. You can calculate the
speed as before:

6.7 m/s

Vav = = =

- i_
t

From 6 seconds to 10 seconds the graph is flat
(zero slope). This means that the speed was zero:
the car had stopped.

50
stopped
4 \
B
> constant
2 30 —speed /
@
@ /
o 20 /
10 /
0 2 4 6 8 10
Time (s)

Figure 4.2 Distance—time graph for car B
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Finally, look at the graph for car C in Figure 4.3. You can find the speed at any particular time
The average speed can be calculated as usual: by drawing a tangent to the curve and calculating
its slope. This is called the instantaneous speed. For
Vao = 20M = 5pys
av 10s example, at 5 seconds the slope (and the

instantaneous speed) is about 1.7 m/s, and at
From the slope of the graph, however, youcan tell 10 seconds it is about 11.1 m/s. (Check it yourself.)

that the speed varied over the 10 seconds. After The speedometer on a car measures your

1 second the car was moving very quickly (steep instantaneous speed. Suppose you go on a trip to
slope). By 5 seconds it had slowed down (not so the beach and it takes you an hour to travel 60 km.
steep), and finally it speeded up again. This means your average speed is 60 km/h, even

though there were times when your instantaneous
_| speed was greater than 60 km/h, and there were
50 i times when you were going slower than this or

speed increasing were even stopped
(acceleration) pped.

40 | ‘
E . | > slope of tangent  _ rise Figure 4.4
2 30 S at 5 seconds run The slope of the
S distance-time
2 | A 32m-15m graph gives the
20 AT J ] 10's instantaneous
_ speed decreasing | 17 m spe(?d ata .
10 (deceleration) 10 s particular time.
| I | 1.7m/s
0 2 4 6 8
Time (s)

Figure 4.3 Distance—time graph for car C

@

Radar and laser guns A laser gun emits a very short pulse of infrared
light in a narrow beam. This beam is reflected back
to the gun, which measures the time for the round
trip. Multiplying this time by the speed of light
and dividing by two (because of the round trip)
gives the distance to the car.
The gun measures the distance
many times during an interval
of about half a second, and

from this the computer in the
gun can calculate the speed.

Police use radar and laser guns to find the
instantaneous speeds of cars. A radar gun emits
high-frequency radio waves, which are reflected
by the car. If the car is coming towards the gun,
the reflected waves have a shorter wavelength
than those sent out. If the car is moving away
from the gun, the reflected waves are longer. The
gun picks up the reflected waves and calculates
the speed from the difference in wavelength.

Check out the
link to see how a
laser speed gun
works:

How does a laser
speed gun work?

That feller's laser gun light pulses from gun
jUST IOST hiS g . et "’-o__-o“_-p*
licencel 55

reflected pulses
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~— Acceleration
‘a

Time =0 Time =1 second Time = 2 seconds Time = 3 seconds
Speed=0 Speed =2 m/s Speed =4 m/s Speed = 6 m/s
) » -
Figure 4.5 Acceleration is a change in speed over time. pe ’ ?

When an object gets faster, we say that it
accelerates. The diagram above shows the position
of a cyclist each second, and his speed. The speed
is increasing steadily, and we say that there is a
constant acceleration. Acceleration is the rate

at which the speed increases. In this case, it is
increasing at 2 metres per second each second.

We write this as 2 m/s/s or 2 m/s?.

Acceleration is important when considering
the performance of cars. For example, Kartika
wants to compare a VW Golf R with a Porsche 911
Turbo. She has found the following performance
figures in a car magazine. The Golf takes 3.3
seconds to reach 60 km/h, whereas the Porsche

takes only 1.8 seconds. Figure 4.6 The parachutes increase friction, causing the
dragster to decelerate.

Performance G\;:’va Por:::jl:;:ﬂ For the G.olf, the speed increases from 0 to
Standing start to .. 60km/hin3.3s(60km/h =60/3.6 =16.7 m/s). So:
60 km/h 33s 18s acceleration = 10-7-0M/s _ g qpq
80 km/h 47s 255 S
100 km/h 6.6 34s For the Porsche:
120km/h 89s 44s acceleration = 16:7-0m/s _ g3 m/s2
from Wheels, October 2010 185
So the Porsche accelerates much more quickly
To calculate the acceleration of each car, than the Golf.
Kartika used this equation: When a car slows down it is said to decelerate
(see Figure 4.6). Deceleration is the rate at which
. change in speed the speed decreases. It is negative acceleration.
average acceleration = — =~ """ . . .
time taken Look at the distance—time graph for radio-

A controlled car C on the previous page. From
final speed - initial speed
= 1to 4 seconds the slope of the graph decreases.

time taken : : .

This means the car is decelerating. From 6 to 10 T

or ay = -~ —tu seconds the slope increases—the car is now L&)
accelerating. o

ISBN 978 1 4202 3838 9 95



W 10 Western Australian Curriculum

96

&b\

Aim

To use a ticker timer or a motion detector and
datalogger to measure the distance, speed and
acceleration of various objects and analyse this
motion.

Risk assessment and planning
Discuss with your teacher how you will do this

experiment. You will need to be able to work
as a team, with different people doing different
things.

situation, you can do this experiment using

( Teacher note: Depending on your school
| ticker timers or a datalogger (Part B).

PART A

The diagram below shows how a ticker timer
works. The vibrating arm strikes the carbon paper
and leaves dark marks on the paper tape. If the
tape is attached to a moving object, a series of
dots is left on the tape. Because the ticker timer
vibrates 50 times per second, the dots are made
1/50 of a second apart.

vibrating
arm

The further apart the dots, the faster the object
is moving. The closer together the dots, the slower

Investigating motion

the object. If the dots are evenly spaced, then

the object has a constant speed (tape 1). If the
distance between the dots is increasing, the
object is accelerating (tape 2). And if the dots are
getting closer together, the object is decelerating
(tape 3).

tape 1: constant speed

tape 2: acceleration

tape 3: deceleration

Materials

ticker timer, complete with carbon disc
ticker tape
AC power supply and connecting wires
+ dynamics trolley
+ G-clamp
pair of scissors
adhesive tape
board for ramp approx. 1.5m long and 30 cm
wide (e.g. old table top)

Method

1 Set up the ticker timer as shown on the left.
Clamp it to the bench. Cut off several T m
lengths of ticker tape.

2 Start the timer and pull a piece of tape through
at a constant speed until about 60 cm of tape
has gone through. Label the tape and show the
direction of movement.

3 Repeat step 2 for several different speeds, with
a new piece of tape each time.

4 Examine the tapes.

-,
£/ What do you notice about the spacing
between the dots on each tape?

\7 Explain the differences between the tapes.
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5 Select one of the tapes and mark a starting

point. Count along the tape from the first dot,

If you have time, analyse the other tapes
as well.

marking off every fifth dot, as shown below.

10 Repeat the experiment, but this time pull the
Five dots represent 0.1 second. P P P

tape through at increasing speed. (Give it a
quick pull.) To get a steadily increasing speed
you can attach the tape to a trolley that can
run down a steep ramp. Another way is to set
up the ticker timer vertically, attach the tape
to a mass and let it fall.

0 0.1 0.2 0.3 0.4

. di—|

d, 11

Analyse the tape and draw a distance—time
graph. Then cut up the tape to make a
ds speed-time graph.

-
£} How does this graph compare with those
ds for constant speed?

-2
L/ How do you know there was an
acceleration? Was it constant?

6 Measure the distances dq, dy, ds, ds, etc. and

record them in a data table. 12 Estimate the acceleration. This is the average

increase in speed in each 0.1 second interval.
Give your answer in cm/s2.

7 Plot a graph of distance versus time and draw
a line of best fit.

O Calculate the slope of the graph, which
gives you the average speed of the trolley for
this tape. Give your answer in cm/s.

PART B

8 Cut the tape at each 0.1 second mark. Then
stick the strips onto graph paper in the correct
order, as shown. (It is a good idea to number
them.) Each strip represents the distance
travelled in 0.1 second, so you have made a
graph of speed against time.

A motion detector is similar to a police radar or
laser gun (page 94), but it sends out ultrasound
waves that are reflected back to it from the
moving object. From these reflected waves the
detector can calculate the distance of the object

first strip last strip
o [ )
3 ° ° ° o
ol e > ° > ° A
» ° L d ° ® ° °
° o ° o ) °

0.1 0.2 03 04 05 0.6
Time

ﬁ Describe in your own words what you can
infer from this graph.

-2
L/ If the speed is not constant, suggest a
reason for this.

o
£/ Estimate the average speed. Does this agree
with what you calculated in step 7?
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every tenth of a second, or other chosen time
interval.

The data from the motion detector is sent
either directly or via a datalogger to a computer
or graphing calculator. The data can then be
displayed in a table or as a graph (e.g. distance
versus time or velocity versus time).

Materials

+ datalogger and motion detector
« computer or graphing calculator

Method

Detailed instructions on how to set up and operate
dataloggers, as well as suggested experiments,

are available from the suppliers. The output of the
datalogger can be displayed on a computer screen.

1 Set up the motion detector with a clear space in
front of it so that you can walk backwards and
forwards. You can get as close as 0.5m and as
far away as 6 m.

2 Carefully connect the motion detector to the
datalogger and computer or graphing calculator.
Set up the datalogger to show a distance-time
graph.

3 Move slowly away from the detector.

4 Look at the distance—time graph. Print it out
and put it in your notebook.

0 How can you explain the shape of the
graph?

5 Repeat step 3 to collect a new set of data, but
move in a different way, e.g. slowly or quickly,
away from or towards the detector, speeding up
or slowing down, stopping. It is probably best to
try only one or two things at a time and then see
if you can make sense of each graph.

f} Print out the graphs and label them
(e.g. moving away, moving fast, slowing down,
stopped).

6 To check that you understand what the graphs
mean, you can record a distance—time graph and
ask someone who didn’'t see how you moved to
try to match it by moving in the same way.

7 Now that you understand the distance-time
graphs, look at the velocity—time graphs.

0 How can you explain the shapes of the
graphs?

PART C

Choose a moving object to investigate using a
datalogger. You could try:

+ atrolley rolling down a ramp (see diagram)
+ afalling object

+ abouncing ball

+ apendulum

+ someone starting a sprint

+ aradio-controlled car.

Analyse the distance, velocity and acceleration
graphs, and write a report of your investigation.

piece of cardboard
attached to trolley (to
reflect waves from
" motion detector)

motion
«~ detector

bricks or
blocks

cable to
datalogger

Hint: Stop the trolley before it
reaches the bottom of the ramp.




My®  1dvances in electronics over the past 50 years have
resulted in the development of electronic sensors to
measure variables such as temperature, light, pH, sound
and movement. These sensors capture data, and are
connected to dataloggers that store the data for use at a
later time. This data can be analysed using spreadsheet
software such as Microsoft Excel. On this page there are
seven examples of how dataloggers are used in science
and everyday life.

In Investigation 4.1 on pages 96-98 did you use

a ticker timer or a datalogger, or both? What
advantages do dataloggers have over ticker timers?
The students in a Year 10 class used a datalogger to
obtain this graph of the motion of a bouncing ball.

120

Height (cm)

60—

4—T

0 0.5 1 1i5 2 2.5
Time (s)

How long was it before the ball hit the floor the
first time?
What was the height of the ball’s first bounce?
How long was it before the ball stopped bouncing?
Would you be able to obtain this graph without a
datalogger? Explain.
Dataloggers can collect data remotely without needing
someone present to take measurements. Suggest
places where remote dataloggers would be useful.

ISBN 978 1 4202 3838 9
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‘Black box' flight recorders, like the one below
retrieved from an Air France airliner off the coast of
Brazil in 2009, are a type of datalogger. How do these
black boxes work?

Dataloggers are used in intensive care units to
monitor patients. What sort of data do they record?

—

A

i A
Some dataloggers have a wireless link to a
computer or are linked directly to the internet.
What is the advantage of this?

How could a datalogger be used in your home to
keep energy use and costs to a minimum?
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Use what you have learnt in this section to
explain the cartoon below.

Nar, I don't drive | |Fair go, Macca, you

fast. We left home | [can't include a two-
four hours ago. That | | hour lunch break in
means our average

your calculation!

Find the average speed of a jet that flies
2700 km from Melbourne to Perth in
3.5 hours.

If the average speed of a spaceship is
32000 km/h, how long would it take to travel
the 80 million kilometres from Earth to Mars?
Give your answer in days.

If you can run at an average speed of 7m/s,
how far can you run in 30 seconds?

A car started from rest and reached a speed of
30 m/s in 10 seconds.

a What was its average speed?

b How far did it travel in this time?

A train travelling at 10 m/s accelerates to
20 m/s in 5 seconds.
a What is its acceleration?
b What will its speed be after another
3 seconds if it continues to accelerate
at the same rate?

Two cars make the same trip, a distance of

160 kilometres. Both cars travel at a constant
speed, but one averages 50 km/h and the other
100 km/h. Represent these two trips on a single
distance-time graph.

After 6 seconds of accelerating at 2.5 m/s2, a car is
moving at 50 m/s. What was the initial speed of the
car if the acceleration was:

a positive?
b negative?

A bike coasts down a hill. Its acceleration is
3 m/s2. How long does it take to accelerate
from 5m/s to 16 m/s?

At the bottom of a waterslide, Stacey is
travelling at 10 m/s. She skids across the pool,
coming to a stop after 2.5 seconds. What is her
deceleration?

Draw a distance versus time graph for a car
that stops at lights, then accelerates away.

Draw a velocity versus time graph for a person

who is walking, stops briefly, then starts to run.
(You could check your answers for Questions 9
and 10 using a motion detector.)

Which of the speed—time graphs below could
possibly represent the motion of a car:

a comingto a stop?

b travelling at constant speed?

¢ moving from a stop at traffic lights?

d accelerating?

A

/
~

3 Use the internet to find answers to these questions

about police radar and laser guns.
a What is the Doppler effect?

b What advantages do laser guns have over radar
guns?

¢ What is the range of laser guns?

d How do speed cameras work?
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The graph below shows the motion of two objects, Graph B
X and Y. Use the graphs to answer these questions. +
What was the speed of X after 4 seconds?
What was the maximum speed of Y? > Ti
e ime
What happened to X at 7 seconds? 8
(]
When did X and Y have the same speed? >
Calculate the acceleration of X.
What was the acceleration of Y between
6 seconds and 10 seconds?
At which time was Y travelling twice as fast + | GraphC
as X? c
2 Time
@©
@

8] 2

. Y g
X =

z 6
£ Look at the special photograph below of a golfer's
b 5] swing. It was taken using a stroboscopic light
g 4 that flashed 50 times per second (so that the time
o 3 between flashes is 0.02 s).

What was the speed of the golf club just before

21 and just after it struck the ball?

1 Suggest why these speeds are different.
— N What was the speed of the ball in the first 0.02 s
zods 5 9 7 85 8 and the second 0.02 s? What does this tell you

e ) about the motion of the ball?

Hannah and Kirralee investigated the motion of a
ball tossed into the air above a motion detector. Figure 4.7 Analyse the golfér's Swing (scale = 1:30).
They obtained these graphs from their datalogger. s i )

Explain the shape of each of the three graphs. .

Graph A

Distance

Time

© copyright Harold and Esther Edgerton Family Foundation, 2009, courtesy of Palm Press, Inc.
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Using maths equations

In this section you have used several mathematical
equations. For example:

v-u

t
Using algebra, this equation can be rearranged to
give:

a

Vv = u+ at

where v is the final velocity,

u is the initial velocity,

a is the acceleration and
t

is the time.
From this equation you can obtain a second
equation:

d = ut+ 1/2at?

where d is the distance travelled.

You can use these two equations to solve various
problems.

Sample problem 1

A car was travelling at 15 m/s. It then accelerated
at 2m/s2 for 4 seconds. What was its final speed?

Step1 List the things you know and what you
want to find.

u = 15m/s
a = 2m/s?
t = 4s

v = ?

Step2 Write down the appropriate equation and
substitute the values into it.

v = U+ at
= 15+ (2x4)

= 15+ 8

= 23m/s
Sample problem 2

A car and a semitrailer are travelling at 90 km/h
(25 m/s). To overtake the semitrailer, the car

accelerates at 1.6 m/s2 for 5 seconds. How far does
the car travel in this time?

u = 25m/s d = ut+ 1/2at?

a = 1.6m/s? = (25x5) + 1/2(1.6 x 25)
t = 5s 125 + 20

d = ? = 145m

Questions

1 A carwas stopped at traffic lights. When
the lights changed, it accelerated at 3 m/s2
for 6 seconds.

a What was the car’s initial speed?
b What was its speed after 6 seconds
(in km/h)?

2 A spacecraft is moving at 250 m/s when it
fires its retro-rockets for 6 seconds to slow
it down. This causes it to decelerate at
10 m/s2. What is the spacecraft’s speed after
the 6 seconds?

3 Owen drops a stone from the top of a
mountain pass. If it takes 12 seconds to reach
the valley below, how high is the pass. (Hint:
The acceleration due to gravity is 9.8 m/s2.)

4 Adragster accelerates at 9 m/s2 from a
stationary start for 7 seconds.

a What speed does the dragster reach?
b How far does it travel in 7 seconds?

5 A motorist is travelling at 70 km/h along a
road that crosses a railway line. He notices
a train approaching and applies the brakes
55 m from the crossing. The brakes cause the
car to decelerate at 4 m/s2. Will the car stop
before the crossing?

102
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4.2 Stopping

Imagine you are driving along a road and a child
suddenly runs onto the road in front of you. You
apply the brakes, and the car stops just in time.
Here is an action replay. The child runs
onto the road. Your eyes record the scene. This
information passes to your brain, which sends a
signal to your right leg to push hard on the brake
pedal. All this takes about a second. This time is
called your reaction time. The distance the car
travels in this time is called the reaction distance.
Under test conditions, reaction time is usually
about 0.75 seconds. In real driving situations
it is about 1 second, but may be much longer
depending on the individual and their alertness.
The faster you are going, the further the car
travels during this reaction time. For example,
at 60 km/h (16.7 m/s):

reaction distance = vt =16.7m/sx1s = 16.7m

Once you put your foot on the brake pedal, the
car takes a certain distance to stop. This is called
the braking distance. Good brakes and good tyres

At 50 km/h (dry bitumen)

Reaction Braking i

¢ ) Stopping
distance + distance = = oo o9
14m 15m

At 60 km/h (dry bitumen)

Reaction Braking
distance + distance =
17 m 21m

L — =

Reaction distance 28 m +

Stopping
distance 38 m

Braking distance 60 m

can slow a car about 23 km/h every second (about
-6 m/s?) on a good road. If you double your speed,
the braking distance is four times as far! And on
gravel or wet bitumen, the braking distance is
even longer.

The distance it takes your car to stop is made
up of the reaction distance plus the braking
distance. This is called the stopping distance. The
chart in Figure 4.8 shows the stopping distances
when travelling at various speeds in a car.

In the experiment on the next page you can
investigate the variables that affect stopping
distance.

= Stopping distance 88 m

B w3

At 100 km/h (wet bitumen or gravel)

Reaction distance 28 m +

Braking distance 77 m

= Stopping distance 105 m

e e e e 4 e e o e o e e e e o e ST

Figure 4.8 Stopping distance = reaction distance + braking distance
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is  EXPERIMENT 4.1

Stopping distances

Problem to be solved

What is the relationship between speed and
stopping distance?

Planning the experiment

In a group, use the questions below to help you

design an experiment to solve the problem above.

Then carry out your experiment and write a report.
How are you going to do the experiment? If you
work outside, you could use a bicycle. If you
work in the laboratory, you could let a trolley run
down a ramp and vary the slope of the ramp.

Whichever method you use, you will need to

answer these questions:

+  How will you measure the speed of the bicycle
or trolley?

+  What variables will you need to control?

trolley
/

+  How can you make your measurements more
reliable?

Processing the data

How will you record your data? For example,
can you put them into a spreadsheet such
as Excel ?

How will you work out the relationship between
stopping distance and speed? Will you need

to draw a graph? Will the spreadsheet do this
for you?

Evaluating the experiment
How well did your method work?
+ Do you think your results are reliable?

Is your conclusion valid?

Inquiry

What other variables affect the stopping
distance? Choose one of these variables and then
investigate how it affects the stopping distance.

MAINTAIN APPLY
CONSTANT, BRAKES
SPEED NOw

10m

Measure braking distance.
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Friction

After an accident Teresa said: When I saw the other
car coming I slammed on the brakes, but I didn’t seem
to have control. The car just kept skidding until it hit the
pole. What happened here was that Teresa had put
the brakes on too hard, stopping the wheels from
turning. The wheels had ‘locked’.

Tyres grip the road by friction, and this is what
allows a driver to control the car. There has to be
enough friction between the tyres and the road to
enable the tyres to grip the road. Then, when the
engine turns the wheels, the car will go forwards.
When you turn the steering wheel, the car will
turn. And when you put on the brakes, the car
will stop.

If the friction between the tyres and the road
is reduced, driving can become dangerous. That
is why you have to take extra care driving on
wet roads. The water acts as a lubricant between
the tyres and the road, reducing the friction and
increasing the braking distance considerably.

Figure 4.9 A tyre photographed at high speed through a
wet glass roadway
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There are two types of friction—static friction
and sliding friction. Static friction holds the tyre
on the road. As the wheel rolls, another part of
the tread comes into contact with a different part
of the road, as shown in Figure 4.10. The wheel
does not slide.

Rolling wheel:

Different parts of the tyre
come into contact with
the road as the

wheel rolls.

STATIC FRICTION

Locked wheel:

The same part of the tyre
is in contact with the
road as the wheel

slides.

Figure 4.10 Static and sliding friction—which one stops a
car faster?

When a wheel locks or slides sideways, the
same part of the tyre tread slides along the
road. The gripping force in this case is sliding
friction, which is less than static friction (see the
activity on the next page). Hence the tyres have
considerably less grip on the road in a skid than
when the wheels are rolling.

A skilled driver knows just how hard to brake
without locking the wheels. However, most new
cars are equipped with an anti-lock braking
system (ABS). It senses that a wheel is about
to lock up or skid and pumps the brake off and
on rapidly. When the brakes are released, the
wheels start rolling again, and when the brakes
are reapplied, the larger static friction forces
help stop the car. The ‘brains’ behind ABS is a
computer chip, which can detect whether one (m) 4
wheel is turning more slowly than the others. ’
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Use the set-up below to investigate the 1 Pull gently on the spring balance, without
difference between static friction and sliding migving the block.
friction. £ Which type of friction is operating?

2 Gradually increase the pull until the block
starts to slide. Carefully watch the reading
on the spring balance.

£/ What happens to the frictional force
when the block slides?

newton spring balance

-2
block of wood £/ Which type of friction is operating now?
Crash tests Ballast is added to the car to give it the correct

weight. There are calibration marks on the car to
help the testers analyse the slow-motion replays.
The area is well lit and there are 15 or so high-
speed cameras. The car is mounted on a track

and propelled into a solid concrete barrier at about
60 km/h. A huge amount of data is temporarily
stored in the dummy’s chest and then downloaded
to a computer. Side-impact tests are also carried
out, in which a trolley is crashed into the side of
the car.

Crash testing is designed to collect data on what
happens to cars and their occupants during a
crash. This data can then be used to make cars
safer. Each vehicle that is tested is given a rating
to indicate how safe it is.

A crash-test dummy is designed to simulate
a person and is built from materials that mimic
the physiology of the human body. For example,
it has a spine made from alternating layers
of metal disks and rubber pads. The dummy
has accelerometers all over it to measure the o
acceleration in all directions. For example, the For more information on crash tests @
sudden deceleration of the driver’s head during follow the link to How crash testing
the crash is measured. There are works. This site has an excellent
load sensors to measure the amount N video of a crash fest.
of force on different parts of the '.‘
body. For example, the force on the £ e
thigh bone is measured to determine e,
the probability of it breaking. There S <
are also movement sensors in the bt
dummy’s chest to measure how
much it is pushed in during a crash.
The dummy’s knees, face and parts
of the head are painted different
colours, to show where various parts
of the dummy make contact with the 4
inside of the vehicle. Each crash- L ®
test dummy costs about $250 000. i >

A 4
Yo
de—4

Y v

| ETh
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m 1 Ethanison a
pleasant
Sassd  Sunday drive.

seconds

2 A kangaroo
hops out from
behind a bush.

seconds

3 Ethan sees the
kangaroo.

m 4 What will
he do?
seconds

m 5 Ethan steps
on the brake
seconds
pedal.

seconds

7 ... and skids
sideways!

m 8 The car stops.
Phew!
seconds

1 The cartoon strip above shows what happened

to Ethan while driving in the country.
What is Ethan'’s reaction time?

a
b
c

2 Use the chart on the right to answer these

What is his braking time?
What is his stopping time?

questions.

b

You are travelling at 50 km/h.
speed is this in metres per second?
What is your reaction distance at this

speed?
What happens to the braking

distance and stopping distance
when the speed doubles from

40 km/h to 80 km/h?

The chart assumes a reaction

time. What is it? How do you
know?

Two identical cars side by side on
the freeway brake at the same time.
If one is travelling at 80 km/h and the
other at 100 km/h, how far apart will

they be when they stop?

You are 50 m from a pedestrian crossing
when an elderly person starts to cross. If
you are travelling at 60 km/h,
in time? What if the road is wet?

ISBN 978 1 4202 3838 9

What

will you stop

39 100
36
1 0 metres 42 116 136
per second
3 0 average 134 39
braking
0 distance (m) 42 1 55

_reaction
distance (m)

_average
stopping distance (m)

3 Why is the braking distance greater on a wet
road than on a dry one?

31

36

kilometres
per hour
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4

p
a

CHALLENGE (V»

The stopping distances on the chart on the
previous page are for an alert driver in a car
with good brakes and tyres, on a dry road. What
difference would each of the following make to
the stopping distance?

a rain

b tired driver

¢ drunk driver

d fog

1 ltis often recommended that, under good
conditions, you should drive at least 2 seconds
behind the car in front. (This means that it should
take your car at least 2 seconds to reach the

resent position of the car in front.)

How far behind should you be when travelling at
60 km/h? At 100 km/h?

Try to explain why a time of 2 seconds is
recommended.

Use the chart on the previous page to draw a
graph of average braking distance versus speed.
Plot reaction distance versus speed on the same
graph.

Use your graph to find the reaction distance,
braking distance and stopping distance at

65 km/h.

Look at the diagram on the right and write a
paragraph explaining how disc brakes work.

If you drive through water over the road, the
brakes become wet and they do not work as
well. Suggest a reason for this.

Suggest what you could do to get the brakes
working properly again.
A car is travelling at 60 km/h. If its brakes can

decelerate the car at 6 m/s2, what is its braking
distance? Use the formula v2 = u2 + 2ad, where

1 Design and carry out an experiment to test whether
wider tyres give you better grip than narrow ones.

108

5 Gayle wants to move a heavy cupboard. She
pushes harder and harder, then suddenly it
moves with a jerk. Try to explain why this
happens.

6 Whatis ABS in a car and how does it work?

7 Why is it that the reaction distance increases
with speed but the reaction time stays the
same?

v is the final speed, u the initial speed, a the
acceleration and d the distance travelled.

b If the driver has a reaction time of 0.8 seconds,
what is the reaction distance?

¢ What will the stopping distance be?

reservoir

piston

brake pedal

brake fluid

friction pads
which press
on disc

steel disc

. wheel
fixed to axle

2 Does it make any difference whether the front
wheels, the back wheels or all four wheels are
locked up during braking? Design and carry out
an experiment to test this.
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4.3 Collisions

Inertia

Suppose you are in a car travelling at 60 km/h.
Your body is also moving at 60 km/h. If the driver
brakes suddenly, the car slows down, but because
your body is not attached to the car it tends to
keep moving at the same speed of 60 km/h. This
is why you feel as though you are falling forwards.
A seatbelt holds you so that you do not crash into
the dashboard, windscreen or front seats.
Similarly, if you are standing in a bus or a train,
you may be thrown off balance when it starts to
move. Your body tends to stay at rest as the bus
begins to move. If the bus suddenly speeds up,
you may fall backwards. And if the bus turns a
sharp corner you may be thrown to the other side.

Figure 4.11 The inertia of the balls causes them to continue
to move forward after the trolley has stopped.

An object will stay at rest, or will not change
its speed or direction, unless acted on by a force.
The object is said to have inertia (in-ER-sha).
This inertia depends on the mass of the object—
the greater the mass, the greater the inertia.
For example, a bus has more mass than a car.
Therefore it has more inertia. A bus is harder to
start or stop than a car. That is, it takes a larger
force to change its motion.

ISBN 978 1 4202 3838 9

Here is a fun way to illustrate inertia.

Place a 20-cent coin on a piece of
cardboard on top of a glass as shown.
Then flick the card.

ACTIVITY &g

/

/¥ Explain what
happens in terms
of inertia.

To sum up, if an object is at rest, it tends to
remain at rest; and if it is moving, it tends to keep
on moving at the same speed and in the same
direction. This is called Newton’s first law of motion,
even though it was first proposed by the Italian
scientist Galileo Galilei in 1612. The Englishman
Sir Isaac Newton was born in the year Galileo
died, and he used Galileo’s idea and developed it
further.

Momentum

A heavy truck is harder to stop than a car
travelling at the same speed. This is because the

truck has more momentum. The momentum of an

object depends on its mass and its speed. It can be
calculated using the formula:

p = mv
where p is the momentum, m is the mass in

kilograms and v is the speed of the object in m/s.

Momentum increases as either the mass or the
speed increases. A truck has more momentum
than a car moving at the same speed. The larger
mass of the truck gives it more momentum. For
this reason it will do more damage if it collides
with something. Also, a fast-moving car has more
momentum than a slow-moving one. [ts greater
speed gives it more momentum.

In Investigation 4.2 you can investigate the
effects of inertia and momentum in car accidents.

109



W 10 Western Australian Curriculum

5b,\ Car accidents

Aim

To use trolleys and dummies as a model for

/'
car accidents. Note: You could record

the collisions using a video
A camera and then replay
them in slow motion.

g

Materials

+ wooden ramp

+ bricks or wooden blocks
wooden block to act as a barrier
2 dynamics trolleys
plasticine or playdough

+ piece of chalk

* metre ruler

+ masking tape
talcum or graphite powder
graph paper

5 Release trolley A so that it collides with

Risk assessment and planning trolley B.

Read both parts of the investigation carefully. \7 Observe carefully what happens to the
v ully w

dummies in the collision.

What is the aim of each part?
Design a data table for Part B.

6 Repeat step 5 two or three times.

Discussion

PART A 1 What happened to the dummy on trolley A
during the collision? Explain why this happened.
Method
1 Make two plasticine dummies to represent
people in car accidents.

2 What happens to the occupants of a moving car
when it collides with a stationary car?

What design features of cars reduce the risk of

2 Put a dummy on the front of each trolley. (You injury in this type of collision?

should powder the bottoms of the dummies to
reduce their stickiness.) 4 What happened to the dummy on trolley B?

) ) Explain why this happened.
3 Mark 20 cm intervals on the ramp, starting from

the bottom, as shown. 5 What happens to the occupants of a stationary

) car hit from behind by another car?
4 Place trolley B about 40 cm in front of the ramp.

Place trolley A at the top of the ramp, directly in What design features reduce the risk of injury in
line with trolley B. this type of collision?

(=)
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PART B

Method

1 Tape a wooden block firmly to the bench or
floor 30 to 40 cm in front of the ramp.

2 Put the plasticine dummy on the trolley and line
it up on the 20 cm mark. Release it so that it
crashes into the wooden block and observe
what happens to the dummy.

e
£} Measure the distance from the dummy to
the impact side of the wooden block. Measure
to the nearest centimetre, and record the result in

a data table.
trolley tape Wooden  qummy
block l
T AIY \\
l’ g \\\

Measure this distance.

i \
. \

3 Repeat step 2 at least three times, exactly the
same way each time. You will probably get a
different result each time. This is because there
are variables that are difficult to control. For
instance, the trolley may hit the block differently
because of small changes in the way it rolls
down the ramp.

-3
£/ Find the average of the measurements.

4 Repeat steps 2 and 3 by placing the trolley at
higher positions on the ramp. Record all results.

The second and third collisions

How can one person walk away from a major
collision and another person die in a minor
collision? The following true story will help you
answer this.

A farmer loaded his truck with eggs and headed
for the markets. On the way, he lost control of
the truck and crashed into a tree beside the road.
The truck was travelling at 60 km/h when it was
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5 Plot your results on a graph. Try to draw a line

of best fit.

Discussion

1

What happens to the impact speed of the trolley
as it is released from higher up the ramp?

What is the relationship between the impact
speed and the distance that the dummy was
thrown?

Use your graph to predict how far the dummy
would be thrown if you released the trolley from
one of the marks you have not used. Try it and
check your prediction.

Could you modify the experiment to get more
reliable results? How?

PART C

1

Redesign Part A to model what happens in
a head-on collision.

Experiment with a crumple zone for the trolley,
e.g. a cylinder of paper as shown belo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>