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The Textbook Series of Bilingual Pedagogy and Practice for Capacity Education in China — a National Education
Science Project for the Tenth Five-Year Plan

Foreword

The 21st century will be a special one for China. The past century witnessed a series of great changes in the
country of a 5000-year civilization. China has changed from a closed, backward, despised monarchical nation
into an open, dynamic and respectable socialist state with strong comprehensive strength. However, the 20th
century left behind only a newly-decorated stage for the Chinese people, and their historical task is to stage a
really splendid life drama in the 21st century.

China in the 21st century cannot develop without being closely linked with the international environment. In
today’s world there is a trend of integration of science, economy, and culture, which are promoting each other,
learning from each other, and blending each other. China’s entry into WTO, her hosting the 2008 Olympic
Games and the 2010 World Expo, and her increasing use of the Internet all require that the whole nation, espe-
cially the adolescents, should enhance their foreign language ability. It will be of great significance to carry out
bilingual teaching research and practice in some regions with advanced education system. Bilingual Pedagogy and
Practice for Capacity Education in China —a National Education Science Project for the Tenth Five-Year Plan —is
a comprehensive research project including the development of the textbook series.

Generally speaking, in the Chinese language context, bilingual teaching refers to the practice that all non-lin-
guistic subjects are instructed totally or partly in a foreign language. This sort of teaching demands new text-
books and new approaches to learning. Thus, all teachers face great challenges in terms of their language ability,
subject expertise, teaching skills and methodology. The aim of bilingual teaching is not merely language acquisi-
tion, for language is a tool of thinking, and the command of a new language means the command of a2 new way
of thinking. And the change of thought pattern will lead to a better communication and a better understanding
between different races, different nations and also different cultures. Strictly speaking, bilingual teaching should
go for the multiple objectives of languages, disciplines and thought patterns.

The natural science textbooks by the British JOHN MURRY Press are quite novel, both in the content and
in the style, and has a wide coverage with proper levels according to the educational reforming in China. The
series of textbooks are also supervised by GCSE (General Certificate of Secondary Education of Britain). These
are all characteristics beneficial to students’ learning. Our compilers of the series have made careful adaptation
and necessary explanation in line with the status quo of education in China. The layout of the series, with neces-
sary notes of special terms at the end of each section, can not only meet the needs of different students, but also
make easy reading. The series is a worthwhile model among bilingual textbooks. We hope the users of the text-
books will kindly give us their valuable comments and suggestions so as to contribute to the development of
bilingual teaching.

Professor Qian Yuanwei

Head of Bilingual Pedagogy and Practice for Capacity Education in China
(A National Education Science Project for the Tenth Five-Year Plan)
Fundamental Educational Office

Shanghai Teachers’ University

April 5,2003
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Preface to the reader

~

This textbook has been written to help you in your
study of chemistry to GCSE. Although you will be
following a GCSE specification for only one particular
examination group, this book contains the material
needed by all the groups. For this reason it is not
expected that you will need to study or learn every-
thing in this textbook.

The different chapters in this book are split up into
short topics. At the end of many of these topics are
questions to test whether you have understood what
. you have read. At the end of each chapter there are
larger study questions. Try to answer as many of the
questions as you can as you come across them because
asking and answering questions is at the heart of your
study of chemistry.

A selection of examination questions, selected from
examination papers published by the different exami-
nation groups, is included at the end of the book. In
many cases they are designed to test your ability to

apply your chemical knowledge. The questions may
provide certain facts and ask you to make an interpre-
tation of them. In such cases, the factual information
may not be covered in the text.

To help draw attention to the more important
words, scientific terms are printed in bold the first
time they are used. There are also checklists at the end
of each chapter summarising the important points
covered.

This textbook will provide you with the informa-
tion you need for your particular specification. We
hope you enjoy using this book.

B Earl & LDR Wilford

[l ‘starter’ chapters — basic principles
BB physical chemistry

@ inorganic chemistry

B organic chemistry and the living world.

We use coloured strips at the edges of pages to define different areas of chemistry:




International hazard warning symbols
You will need to be familiar with these symbols when
undertaking practical experiments in the laboratory.

Corrosive.
These substances attack or destroy living tissues,
including eyes and skin.

Harmful.
These substances are similar to toxic substances

but less dangerous.

Irritant.
These substances are not corrosive but can cause
reddening or blistering of the skin.

Oxidising.
These substances provide oxygen which allows
other materials to burn more fiercely.

Toxic.
These substances can cause death.

Highly flammable.
These substances can easily catch fire.
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All about matter

Solids, liguids and gases

The kinetic theory of matter
Explaining the states of matter

Changes of state

An unusual state of matter
An unusual change of state
Heating and cooling curves

Chemistry i1s about what matter is like and how it
behaves, and our explanations and predictions of its
behaviour.! What is matter? This word is used to cover
all the substances® and materials from which the physical
universe” is composed. There are many millions of differ-
ent substances known, and all of them can be categorised
as solids,* liquids® or gases® (Figure 1.1). These are what
we call the three states of matter.’

a solid

Figure 1.1 Water in three different states.

Diffusion — evidence for moving particles
Brownian motion

Checklist

Additional questions

b liquid

cgas

Solids, liquids and gasé§
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‘ All about matter

Solids, liquids and gases

A solid, at a given temperature,g has a definite volume®’
and shape which may be affected by changes in
temperature. Solids usually increase slightly in size
when heated (expansion)'’ (Figure 1.2) and usually
decrease!! in size if cooled'? (contraction)."

A liquid, at a given temperature, has a fixed volume
and will take up the shape of any container'* into which
it is poured. Like a solid, a liquid’s volume is slightly
affected by changes in temperature. '’

A gas, at a given temperature, has neither a definite
shape nor a definite volume. It will take up the shape
of any container into which it is placed and will spread
out evenly within it.!® Unlike those of solids and
liquids, the volumes of gases are affected quite markedly
by changes in temperature.

Liquids and gases, unlike solids, are relatively
compressible.'” This means that their volume can be
reduced by the application of pressure.'® Gases are
much more compressible than liquids.

Figure 1.2 Without expansion gaps between the rails, the
track would buckle in hot weather.

Words and phrases Hiija|fll5515

1 Chemistry is about ... of its behaviour.

e FER—TIXTAE
2R IF R, PARFRATXG X AL (06 R AR AT T Y

B,
2 substance /'sabstons/ n. ¥
3 physical universe 4 )it #
4 solid /'solid/ n. &K
5 liquid /'ikwid /  n. 4K
6 gas /g&s/ n. K
7 three states of matter HJRHI=F
8 at a given temperature EREMNMFEMRE T
9 volume /'voljum/ n. & definite volume —EHI{AFH
10 expansion /1ks'penfon/ n. fEZfK
11 decrease /di'kriis/ v /D

12 cool /kul / v B#

13 contraction / kon'trekfon/ n. Y4H

n. 4%

15 Like a solid, a liquid's volume ... in temperature.

B, WA AR S SR AR A ST

14 container / kan'tema /

. BREK—

16 It will take ... within it. #%: EH 2 GEEMBRE R, I
SRR TP R TR
17 compressible /kom'presibl /  a. ] FE4HHY

18 pressure /'prefo/ n. ES]

W The kinetic theory of matter
The kinetic theory' helps to explain the way in which
matter behaves. The evidence is consistent with® the idea
that all matter is made up of tiny particles.’ This theory
explains the physical properties* of matter in terms of the
movement of its constituent particles.

The main points of the theory are:

o all matter is made up of tiny, moving particles, invi-
sible to the naked eye.’ Different substances have
different types of particles (atoms, molecules or ions)
which have different sizes

« the particles move all the time. The higher the
temperature, the faster they move on average®

« heavier particles move more slowly than lighter ones
at a given temperature.

The kinetic theory can be used as a scientific model’to
explain how the arrangement of particles® relates to the
properties of the three states of matter.

Explaining the states of matter

In a solid the particles attract one another. There are
attractive forces’ between the particles which hold them
close together. The particles have little freedom of
movement and can only vibrate about a fixed position. ™
They are arranged in a regular manner, which explains
why many solids form crystals.!

It is possible to model such crystals by using spheres
to represent the particles (Figure 1.3a).'? If the spheres



are built up in a regular way then the shape compares
very closely with that of a part of a chrome alum®
crystal (Figure 1.3b).

a A model of a chrome alum crystal.

b An actual chrome alum crystal.

Figure 1.3

Figure 1.4 A modern X-ray crystallography instrument, used
for studying crystal structure.

Studies using X-ray crystallography'* (Figure 1.4)
have confirmed® how the particles are arranged in
crystal structures. When crystals of a pure substance

Figure 1.5 Sodium chloride crystals.

form under a given set of conditions, the particles
present are always packed in the same way. '* However,
the particles may be packed in different ways in crystals
of different substances. For example, common salt
(sodium chloride)'” has its particles arranged to give
cubic crystals'®as shown in Figure 1.5.

In a liquid the particles are still close together but

solid
)) Particles only vibrate about fixed positions.
Regular structure.

liquid
Particles have some freedom and can move
around each other. Collide often.

gas

Particles move freely and at random in all
the space available. Collide less often than
in liquid.

S e

Figure 1.6 The arrangement of particles in solids, liquids
and gases.
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they move around in a random way'? and often
collide® with one another. The forces of attraction?!
between the particles in a liquid are weaker than those
in a solid. Particles in the liquid form of a substance
have more energy on average than the particles in the
solid form of the same substance.

In a gas the particles are relatively far apart. They are
free to move anywhere within the container in which
they are held. They move randomly at very high veloc-
ities,” much more rapidly than those in a liquid. They
collide with each other, but less often than in a liquid,
and they also collide with the walls of the container.
They exert virtually no forces of attraction on each
other because they are relatively far apart. Such forces,
however, are very significant. If they did not exist we
could not have solids or liquids (see Changes of state, p.
4).

The arrangement of particles in solids, liquids and
gases is shown in Figure 1.6.

Questions

1 When a metal such as copper is heated it expands.
Explain what happens to the metal particles as the solid
metal expands.

2 Use your research skills on the Internet to find out
about the technique of X-ray crystallography and how
this technique can be used to determine the crystalline
structure of solid substances such as sodium chloride.

ERLJA| A TG

kinetic theory 4 Tizzhit

be consistent with 5------—F[

particle /'pa:tikl /  n. f6L

physical property MR

IR

The higher the temperature, the faster they move on average.
F. REGEE, MG dus,

(RS il

the arrangement of particles

Words and phrases

naked eye

oA L L S

scientific model

o

BT HER

attractive force  W{5| /] There are ... close together. Z</] 1 hold K]
BERES

10 vibrate /var'brert / v. #gZf] The particles have little ... fixed
position. ¥ W TJLFEAZIHEM, ENREE—EML
B LiR3h.

11 crystal /'kristl / n. 4K

12 sphere /sfia/ n. BRf&K It is possible ... the particles. 3% ¥
ITRT AR /BRI AL TRF A fUSAR AL

BB (5% A1)

XAt e ik

13 chrome alum
14 X-ray crystallography
UESE

16 When crystals of ... in the same way.

FHEF AR

15 confirm

) pack YERBNH, B

FAtkah

18 cubicerystal S dMAK, SEAMRGSHITERE—Fh

19 in a random way  DAREHLH A =

20 collide /ko'laid / v. filfds

21 forces of attraction between the particles UL [E]EI S| 17
n.

17 sodium chloride

22 velocity /vr'lositr /

W Changes of state

The kinetic theory model can be used to explain how
a substance changes from one state to another. If a solid
is heated the particles vibrate faster as they gain energy.
This makes them ‘push’ their neighbouring particles
further away from themselves. This causes an increase
in the volume of the solid and the solid expands.
Expansion has taken place.

Eventually, the heat energy causes the forces of
attraction to weaken. The regular pattern of the
structure breaks down.! The particles can now move
around each other. The solid has melted.? The
temperature at which this takes place is called the
melting point of the substance’. The temperature of a
pure melting solid will not rise until it has all melted.
When the substance has become a liquid there are still
very significant forces of attraction between the
particles, which is why it is a liquid and not a gas.

Solids which have high melting points have stronger
forces of attraction between their particles than those
which have low melting points. A list of some sub-
stances with their corresponding melting and boiling
points is shown in Table 1.1.

Table 1.1
Substance | Melting point/°C Boiling point/°C
| Aluminium 661 2467
Ethanol 17 79 ]
Magnesium oxide 2é27 3627
Mercury -3 357
Methane [ -182 ~164
Oxygen -218 -183
Sodium &hlo}ide 801 B 1413
Sulphur 13 445
Water o 100

If the liquid is heated the particles will move around
even faster as their average energy increases. Some
particles at the surface of the liquid have enough energy
to overcome the forces of attraction between
themselves and the other particles in the liquid and they
escape to form a gas. The liquid begins to evaporate*
as a gas 1s formed.

Eventually, a temperature is reached at which the
particles are trying to escape from the liquid so quickly



that bubbles of gas actually start to form inside the bulk
of the liquid.” This temperature is called the boiling
point® of the substance. At the boiling point the
pressure of the gas created above the liquid equals that
in the air — atmospheric pressure.’

Liquids with high boiling points have stronger forces
between their particles than liquids with low boiling
points.

When a gas is cooled the average energy of the
particles decreases and the particles move closer together.
The forces of attraction between the particles now
become significant and cause the gas to condense® into
a liquid. When a liquid is cooled it freezes’ to form a
solid. In each of these changes energy is given out.'’

Changes of state are examples of physical changes."'
Whenever a physical change of state occurs, the
temperature remains constant during the change (see
Heating and cooling curves,'? opposite). During a phys-
ical change no new substance is formed.

An unusual state of matter

Liquid crystals" are an unusual state of matter (Figure

Figure 1.7 A polarised light micrograph of liquid crystals

Figure 1.8 Liquid crystals are used in this computer display.

1.7). These substances look like liquids, flow like liquids
but have some order in the arrangement of the particles,
and so in some ways'* they behave like crystals.

Liquid crystals are now part of our everyday life.
They are widely used in displays for digital watches,"
calculators and lap-top computer displays'® (Figure 1.8),
and in portable televisions."” They are also useful in
thermometers'® because liquid crystals change colour as
the temperature rises and falls.

An unusual change of state

There are a few substances that when they are heated
change directly from a solid to a gas without ever
becoming a liquid. This rapid spreading out'’ of the
particles is called sublimation.”” Cooling causes a
change from a gas directly back to a solid. Examples of
substances that behave in this way are carbon dioxide®!
(Figure 1.9) and iodine.”

sublimation

solid ————

gas

Figure 1.9 Dry ice (solid carbon dioxide) sublimes on
heating and can be used to create special effects on stage.

sublimation
Carbon dioxide is a white solid called dry ice at
temperatures below —78°C. When heated to just
above —78°C it changes into carbon dioxide gas. The
changes of state are summarised in Figure 1.10.

sublime

=

Figure 1.10 Summary of the changes of state.
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Heating and cooling curves

The graph shown in Figure 1.11 was drawn by plotting
the temperature of water as it was heated steadily from
—15°C to 110°C. You can see from the curve that
changes of state have taken place. When the temperature
was first measured only ice was present. After a short
space of time the curve flattens,”* showing that even
though heat energy is being put in, the temperature
remains constant.

In ice the particles of water are close together and are
attracted to one another. For ice to melt the particles
must obtain sufficient energy to overcome the forces of
attraction between the water particles to allow relative
movement to take place. This is where the heat energy
is going.”

A
110

100 ——— ——— === ===7
| liquidand | all
U | 9as (liquid | gas
S | water and
= : water |
B vapour)
‘g | |
£ all ! '
2 liquid ! I
ol —i— = (liquid ! |
all solid and liquid | water) | |
—15 ~5olid I(ice and liquid | |
(ice) Iwater) . | !

time/minutes

Figure 1.11 Graph of temperature against time for the
change from ice at —15 °C to water to steam.

thermometer

melting point
tube

rubber band

oil —F

+—solid

Figure 1.12 Apparatus shown here if heated slowly can be
used to find the melting point of a substance such as the
solid in the melting point tube.

The temperature will begin to rise again only after all
the ice has melted. Generally, the heating curve for a
pure solid always stops rising at its melting point and
gives rise to a sharp melting point.*® The addition or
presence of impurities”” lowers the melting point. You
can try to find the melting point of a substance using
the apparatus®® shown in Figure 1.12.

In the same way, if you want to boil a liquid such as
water you have to give it some extra energy. This can
be seen on the graph (Figure 1.11) where the curve
levels out at 100°C — the boiling point of water.

The reverse processes of condensing and freezing
occur on cooling. This time, however, energy is given
out when the gas condenses to the liquid and the liquid
freezes to give the solid.

Questions

1 Write down as many uses as you can for liquid crystals.

2 Why do gases expand more than solids for the same
increase in temperature?

3 Ice on acar windscreen will disappear as you drive along,
even without the heater on. Explain why this happens.

4 When salt is placed on ice the ice melts. Explain why
this happens. :

5 Draw and label the graph you would expect to produce
if water at 100°C was allowed to cool to a temperature
of =5°C

Words and phrases FLia| fl%ETHE

1 break down B%id, 41k
melt /melt/ v. #&1k
melting point %% The temperature at which ... of the substance.
P RS ) HOTR BERR X — Y R AL
evaporate / 1'vaepareit/ v. K
bubbles of gas actually start to form inside the bulk of the liquid
S EE TR AR A

B

6 boiling point

7 atmospheric pressure
8

9

KAE
condense / kon'dens / v. %4, Rt
freeze /friiz/ v. HEE

R
11 physical changes

give out
Y3
12 heating and cooling curves
T
AEHELETT TH
15 digital watch F(FFFE

16 lap-top computer display (o 4 =X L i S R A
17 portable television FHEM
18 thermometer (BT, ARt
&gt

sublimation / ,sablr'merfon /
AR
iodine /'aradin/ n.
dryice Fuk, BNEAEEABBMKS.

flatten /'fletn/ v. Z2F

This is ... is going.  A/]Hlis going B M HiEE, THK
BH A8 AL

n. 7%, AELiEY

n {8, KE

NNV £ 2
13 liquid crystal

in some ways

19 spread out
n. FHE

21 carbon dioxide

a sharp melting point
impurity / mm'pjoaritr /
apparatus / &pa'Tertas /



Diffusion — evidence for moving
particles

When you walk past a cosmetics counter' in a depart-
ment store you can usually smell® the perfumes.® For this
to happen* gas particles must be leaving open perfume
bottles and be spreading out through the air in the store.
This spreading out of a gas is called diffusion® and it
takes place in a haphazard® and random way.

All gases diftuse to fill the space available to them. As
you can see from Figure 1.13, after a day the
brown-red fumes’ of gaseous bromine have spread
evenly throughout both gas jars from the liquid present
in the lower gas jar.

Figure 1.13 After 24 hours the bromine fumes have
diffused throughout both gas jars.

Gases diffuse at different rates. If one piece of cotton
wool® is soaked’ in concentrated ammonia solution'’
and another is soaked in concentrated hydrochloric
acid'! and these are put at opposite ends of a dry glass
tube,'? then after a few minutes a white cloud” of
ammonium chloride appears (Figure 1.14). This shows
the position at which the two gases meet and react. The
white cloud forms in the position shown because the
ammonia particles are lighter than the hydrogen
chloride particles (released from the hydrochloric acid)
and so move faster. Generally, light particles move
faster than heavier ones at a given temperature.

Diffusion also takes place in liquids (Figure 1.15) but
it is a much slower process than in gases. This is because
the particles of a liquid move much more slowly.

When diffusion takes place between a liquid and a
gas it is known as intimate mixing.'* The kinetic the-
ory can be used to explain this process. It states' that
collisions are taking place between particles in a liquid
or a gas and that there is sufficient space between the

.

Figure 1.14 Hydrochloric acid (left) and ammonia (right)
diffuse at different rates.

a b

Figure 1.15 Diffusion within nickel(i) sulphate solution can
take days to reach the stage shown on the right.

Diffusion - evidence for moving particles
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