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Preface

The course

The textbooks

The course consists of the following:

two textbooks for students. They are both divided into two sections,
book A and baok B.

two activity books (book 1 and 2) for students

Great attention has been paid to the presentation of the textbooks. Special
features include:

Careful choice of vocabulary, with use of Chinese terms to facilitate
student comprehension.

Full-colour diagrams and illustrations to maximize students’ attention
and interest.

Study tips for students to aid learning.

Cross reference to material in other parts of the book and to related
material in other subjects, e.g. Biology and Physics.

Carefully constructed examination-type questions to reflect the new
emphasis of the syllabus.

Full solutions to end-of-chapter questions.
Material of social relevance.

Techniques from educational psychology shown to be effective in
facilitating learning and understanding. These techniques are found
in a special students’ introduction, in innovative chapter summaries,
in section reviews and in margin references.

‘Chemistry and Us’ sections which stimulate interest and develop an
appreciation of chemistry and its application in daily life.

I.T. on the net sections provide web-sites for further information on
selected topics.



The activity books

The basis of the course is the work in the activity books. They are designed
mainly for small-group work and to help students think for themselves
as much as possible. Special features include the following:

* The use of hazard warning symbols and safety warnings for
experimental work.

¢ A variety of innovative activities to develop process skills including:
decision-making  exercises,  problem-solving  investigations,
experimental design tasks, discussions or debates, data/information
collection and communication tasks such as short talks.
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Student’s notes - learning with the textbook

When we read a textbook, we want to understand
and remember ideas. What is the best way to do
this? Many students use repetition. This is not a good
way. Repeating sentences sometimes helps us to
remember. But it does not help us to understand.

The best way to remember is to understand. And the
best way to understand is to think deeply about what
we read. Some ways of doing this are described below.

How can we learn terms and their
meanings?

Here are some ways to understand and remember
terms. They work because they make us think deeply.

To remember chemical terms

Here is a useful method if you also know the Chinese
word for a term. Do this:

1 Think of a Chinese word with a similar sound
to the English chemical term.

2 Think of a picture to link this sound word with
the Chinese word. Use any picture. Silly or weird
pictures are often the best because these tend to
stick in the mind.

EXAMPLE 1
To remember the chemical term ‘bond’.

bond -~ =]

|
sound link

#
|—> picture link

a gang of friends
forming a

L friendship bond
To remember the picture is easy. From the picture,
you can recall the chemical term.

repetition silly
EEFY

. deeply recall
VI R e

BEBESKH

To remember meanings of chemical terms

This is similar to the previous method. First,
understand the meaning. Then do this:

1 Think of a familiar Chinese or English word with
a similar sound.

2 Make a picture link using some or all of the
meaning.

EXAMPLE 2
To remember the meaning of the term ‘cation’.

A cation is an ion with a positive charge.

cation - > jon/positive
I charge
sound link
cat + iron

I——» picture link

cat (with a +)
using an
electric iron

Word analysis

Many terms in chemistry are made of smaller parts
joined together. Each part has a meaning. The parts
can help us to work out the meaning of the term.
‘Word analysis’ gives a list of many common word
parts. Also, ‘STUDY TIPS’ throughout the book gives
you help.

EXAMPLE 3

What is the meaning of the term ‘dehydrate’?
Dehydrate consists of the parts ‘de-’ and

‘~ hydrate’.
From Word analysis, ‘de-’' = reverse, opposite to
‘~hydr’ = water
So, hydrate = adding water
dehydrate = removing water

Word analysis
WiED



Sets of related words

Many words are related to other words. When
possible, learn sets of related words. The study tips
will help you. For example in Chapter 11:

electrolysis (noun)

electrolyte (noun)

electrode (noun)

electrolytic (adjective)
to electrolyse (verb)

To remember lists of words

Sometimes we need to remember a list of words. One
way is to make a sentence with the words, or with
the first letters of the words.

To remember the names and symbols of the first
nine elements. Consider this sentence:

Harry Heung Likes Beef But Candy Ng Orders
Fish.

As this sentence is easy to remember, we can recall
the symbols and the names for the elements. For
example, Harry gives H (hydrogen), Fish gives F
(fluorine).

EXAMPLE 5

Suppose you read the words in the box below. The
ideas around the box are examples of elaboration.

Related words —
\.6.8 electrolysis

N’

How can we understand ideas?
Understanding involves joining ideas together. Here
are three ways to do this joining.

Elaboration

When you read something, think of other ideas
related to the ideas in the text. You can:

e think of examples

e think of diagrams or pictures; you can even make
your own mental pictures

e recall experiments

e join the ideas to work in other subjects, e.g.
Biology, EPA

e recall previous work

The book helps you to elaborate by reminding you
to ‘THINK ABOUT’ information from other subjects.
References to ‘MORE ABOUT’ the subject are also

given.

+ —
[y
I I

bromine gas -
T

molten lead(ll) bromide

T lead

lead(ll) bromide v

S,

N

Electrolytes ) Substances that
electricity when (molten)or in aqueous solution

(i.e. dissolved in water). During conduction,

they (decompose) (Compounds) made of

Previous work — metals
conduct electricity but

they are not electrolytes-

metals and non-metals are (electrolytes - .
@lectrolyte) _‘ el
Meaning of this word y
Example Exanp] / Elements cannot be
- xamples — {
lead(Il) bromide — lead + bromine __~ Sodiiiin chloride \\e:}eéfr(:jzftes Yl
) o
N~ — lead(Il) bromide,
copper(ll) sulphate
S~ "
elaboration

¥ K&

&
&
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Organization
Organizing ideas also helps understanding. Some ways
used in this book are shown below. Use these

examples to help when you make your own
organization.

(a) Tree diagrams
For example, for a classification of substances
(see the summary for Chapter 1).
substlances
I |
elements compounds

I

[ |

etc. etc. etc.

(b) Set diagrams

For example, for groups of elements (see
Book 1A, page 6).

metals semi-metals non-metals

|
noble gases

(c) Network diagrams

You can use these to organize any ideas. Many
of the chapter summaries are network diagrams.
For example, part of a network diagram for the
topic ‘Metals’ might be:

} metals ——l ’— structure —

METALS

} alloys —1 ‘

(d) Tables
A lot of information in Science is organized into
tables. This book contains many tables. For
example, look at the table in Chapter 5 for the
structures of substances (see Book 1A, page 114).

—— properties —

T

uses

(e) Flow charts

Flow charts are useful when one idea follows
another. For example, in Chapter 18 we use a
flow chart to explain the manufacture of ethanol
(see Book 2A, page 139).

preview
3

network diagrams
) K

flow charts
Vi e

review

2

ethene steam
l * |
heater R —
* unreacted
catalyst ethene
condenser
ethanol and
water
Reorganization

When something is organized one way, try to
organize it another way. This will make your
understanding even better. For example:

e If you have a table, reorganize it as a network
diagram.

e Use the ideas in a network diagram to write
sentences.

How can we study a chapter?

Here are three steps to follow when you study a
chapter in the book.

Preview

To get an idea of what you will learn:

e Look at the headings in the chapter.

e Look at the summary.

Study each section

e Look at each heading. Many are in the form of
questions. Think of other questions.

e Read the section. Underline important parts.

e Think deeply about the section. For example,
use word analysis, elaboration.

e Answer the questions given. Also try to answer
your own questions. This is important. If you
cannot answer a question, study the section
again.

Review

After you finish the chapter:

e Study the summary. Try to recall the ideas
without looking at the summary.

e Try some of the examination-type problems at
the end of the chapter.

underline
YRS F



Introduéing Chemistry

People have always wanted to understand the world.
Science is one way to find out about the world. In
Science, we find out about animals, plants, the air,
the sea and rocks. We also learn about rockets, the
sun, the moon and the planets. The word ‘science’
means ‘knowledge’. Science provides us with
knowledge about the world.

Science has many parts. Chemistry, Physics and
Biology are some of the sciences studied in school.
Other sciences include Geology, Astronomy, Medicine
and Agriculture.

IT oN THE NET

What is Chemistry?
http://www.chemistry.co.nz/what_is_chemistry.htm
http://library.advanced.org/3659/intro/

What is Chemistry?

Chemistry is the study of matter.

Matter means anything that has mass and occupies
space. Each kind of matter is called a substance.
Gold, water and salt are examples of substances.

How is Chemistry useful?

Chemistry is not just something we study at school.
It is a subject closely related to our daily lives.

¢ Chemistry in the home

Plastics are substances made from materials in
oil. Why can one plastic be used to make a
saucepan handle, while another melts if it
becomes too hot?

Objects made of plastic.

¢ Chemistry in medicine

Many substances in plants can be used as
medicines. What substances cure diseases?
alloys Astronomy cure Geology
=k X X% E& bR

e Chemistry in transport

Aircraft are made from special alloys. Why are
these alloys better than other metals for making
aircraft?

* Chemistry in food

Substances are added to preserve food. How do
substances do this?

e Chemistry in clothes

Many of our clothes are made from synthetic
fibres such as nylon and polyester. They are also
produced from chemicals found in oil.

Clothes made from synthetic fibres.

The answers to all these questions can be found out
by studying Chemistry. If you think about life without
plastics, medicines, aircraft and canned food, you will
understand how important Chemistry is.

@ QUESTION 1

Everyone uses the products of Chemistry. Write
down some chemical products used by the
following people:

teacher, doctor, hairdresser, policeman, cook,
taxi driver

hairdresser ~ matter  oil
225 nE ok

preserve
B & Xi



How does a chemist work?

A person who studies Chemistry is called a chemist.
To find out about matter, a chemist does three main
things.

The chemist
*makes observations and takes measurements
¢ looks for patterns in the observations

¢ seeks explanations

Observations and measurements

1 To find things out, we must make observations.

xii

To observe accurately, we can use instruments to
take measurements.

For example:

e a ruler to measure length

e a thermometer to measure temperature

e a balance to measure mass

The observations and measurements we make are
called facts or data.

Here are some facts:

e Salt is a white solid.

e A lemon has a sour taste.

e The temperature of boiling water is 100°C at
1 atmospheric pressure.

Observations often make us think of questions.
The questions lead to experiments, which give
us more observations.

For example:

e We observe a candle flame is hot.
We may ask “Which part of the
candle flame is the hottest”?

e We observe the sour taste of a lemon. We
may ask “What other substances taste sour”?

data hypothesig ¥ T predicﬁdns senses
B#E B B ER

Qqu:monz

To observe, we use our senses.
(a) Name our five senses.

(b) Chemists do not usually use the sense of taste.
Why not?

(i.. QUESTION 3

Look again at the flame of the candle opposite.
(a) Write down five or more observations.

(b) Write down some more questions about the
flame.

(c) Take one of your questions. Think of an
experiment to answer it. Describe your
experiment, or draw a diagram of the
apparatus.

Looking for patterns

1 When we have made many observations, we may

see patterns among them.
For example:

e Sugar always dissolves
in water.

¢ All lemons taste sour.

e (Carbon dioxide always ,’J
=

turns limewater milky.

It is not always easy to see patterns in data, so
people often guess. Chemists also guess. In
Science, a good guess is called a hypothesis.

Once we have a hypothesis about a pattern, we

can make predictions.

For example:

e Next time we put sugar in water, it will
dissolve.

e The next lemon we try will also taste sour.

e In the next experiment, carbon dioxide will
still turn limewater milky.

We do experiments to test our predictions. For

example, we taste a lemon to see if it is sour. If
the prediction is wrong, we must suggest another
pattern.



Two important ways of forming patterns are
classifications, and laws.

Classification means to put things into groups.
Each group has similar patterns.

For example, there are many different substances but
we can classify them into solids, liquids and gases. We
will use many classifications in this book. Classifications
are also used in other sciences; for example, the
classification of plants and animals in Biology.

Laws are statements of important patterns.

An important law in Chemistry is Avogadro’s law.
For examples of laws in other subjects, see the law
of moments, Newton’s laws of motion and the gas
laws in Physics.

Explanations

1 Chemists seek explanations for their observations.

That is, they try to answer the question ‘Why
or how does something happen?’

For example:

e A candle burns with a yellow flame. Why?
e Sugar, but not sand, dissolves in water. Why?
e [ron rusts. How does this happen?

2 It is not always easy to give an explanation. So
again we make a hypothesis.

A good explanation will:
e [Explain many facts (not just one).

e Predict new facts. In Science, we do
experiments to test these predictions. If the
experiment shows the prediction is wrong,
we try to think of a better explanation. We
then test this new explanation. This process
never ends because in Science we never get
a perfect explanation.

Example

Observation

We heat a piece of copper in a Bunsen flame.

laws rusts soot
k4 £ ] #HR

Q
&

heat

l«

S50
The copper changes from a reddish brown colour to
a black colour. Why?

Explanation

We see that the Bunsen flame appears dirty. Therefore
we suggest this explanation:

Soot from the flame covers the surface of the copper.

\4

Prediction
If the hypothesis is correct, we can make this
prediction:

If we heat copper so that the flame does not touch
the copper, the metal will not become black.

Experiment

To test the prediction, we set up the apparatus in
the diagram below.

(

A

heat

4

( o—

The flame does not touch the copper. However, we ;%
observe that the copper again becomes black. Therefore,
our explanation is wrong. We must try again!

\ 4

Second explanation

We know the copper is heated in air. Therefore, we
make the following hypothesis:

Copper turns black because it reacts with air.

xiii
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Prediction

If the second hypothesis is correct, we predict:

The colour will not change if we heat copper in a

vacuum.

Experiment

To test this prediction, we set up the apparatus as
shown below. We use a vacuum pump to remove air
from the test tube. Then we heat the test tube.

We observe that the colour remains brown.

to vacuum
pump

2

Our second explanation explains the prediction.

Is this explanation correct? We do not know. We
must make other predictions and test them too.

QUESTION 4

Look at the experiment shown in the diagram.

The top gas jar contains a red-brown gas (denser
than air). The bottom gas jar contains air. The
glass plate is removed.

The red-brown gas moves S——
slowly into the bottom gas
jar. Why?

___— gas jar
A student gave this |
explanation:

|;‘_—-——_7;_»-"' g|ass
plate

The red-brown gas falls
because it is denser than air.

Describe an experiment to
show that this explanation
is wrong.

models
Xiv  mm

c;) QUESTION 5

Here are three observations.

(a) The light in a room suddenly goes off.
(b) Many fish in Tolo Harbour have died.

(c) A candle flame is yellow-black in colour.
For each observation:

(i) suggest an explanation (i.e. a hypothesis).

(ii) describe an experiment to test your hypothesis.

What do chemists investigate?

Chemists try to find out three things about
substances:

1 the structure of substances.
2 the properties of substances.

3 the way substances change.
Structure of substances

Structure, in chemistry, means the way matter is put
together.

Chemists believe that everything in the world is
made up of very small particles. Water, rocks, our
bodies, this book and air are made up of particles.
But the particles are too small to see even with a
powerful microscope. Our ideas about the particles
of matter are summarized in the Kimetic theory
of matter.

The main points of this theory are as follows:
1 All matter is made up of very small particles.
2 There are spaces between the particles.

3 Particles are in constant motion and posses
kinetic energy.

4 An increase in temperature increases the average
kinetic energy of particles.

Because it is not possible to see particles of
matter, chemists use models to give a picture of
what solids, liquids and gases look like.

In solids, the particles are packed close together with
little space between them. This gives solids a fixed



volume and makes them almost incompressible. The
particles are not free to move though they can vibrate
about their fixed positions. A solid therefore also has
a definite shape.

In liquids, the particles are slightly further apart than
in solids. This gives liquids a fixed volume but makes
them difficult to compress. The particles are free to
move as they are not arranged in a fixed pattern.
Therefore a liquid does not have a shape of its own
but takes the shape of its container.

In gases, the particles are widely separated. Thus gases
are easily compressed. The particles move freely and
rapidly. A gas spreads into any available space, filling
the whole container.

solid gas

liquid

A particle model of matter.

Properties of substances

The word property means ‘what something is like’. We
classify properties into physical and chemical
properties.

Physical properties can be measured without a
substance changing into another substance. Common
physical properties are colour, smell, hardness,
density, electrical conductivity, solubility in water (or
other solvents), melting point and boiling point.

Chemical properties describe the change of a
substance into another substance. Rusting is a
chemical property of iron.

rusting
£

(’ QUESTION 6

List the following physical properties for:

(a) copper, and

(b) water.
state, colour, density, melting point, boiling
point
(Use Datatables 3 and 4 to help.)

Changes in substances

The way substances change can be classified as either
physical or chemical changes.

Physical changes are those where no new substance
is formed, e.g. melting ice, boiling water and
dissolving sugar in water.

Burning — a chemical change.

In a chemical change, a substance changes into one
or more new substances. For example, burning a
match or rusting of iron. The new substances have
different properties from the original substances.

(\J/ QUESTION 7

Look at the following changes. For each change,
say if it is a physical or a chemical change.

(a) ice melts

(b) copper metal reacts with air

(¢) iron rusts

(d) water on the road evaporates

(e) gas burns

(f) salt dissolves in water
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